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         The Skeptical Environmentalist

         
         The Skeptical Environmentalist challenges widely held beliefs that the environmental situation is getting worse
            and worse. The author, himself a former member of Greenpeace, is critical of the way
            in which many environmental organizations make selective and misleading use of the
            scientific evidence. Using the best available statistical information from internationally
            recognized research institutes, Bjørn Lomborg systematically examines a range of major
            environmental problems that feature prominently in headline news across the world.
            His arguments are presented in non-technical, accessible language and are carefully
            backed up by over 2,900 notes allowing readers to check sources for themselves. Concluding
            that there are more reasons for optimism than pessimism, Bjørn Lomborg stresses the
            need for clear-headed prioritization of resources to tackle real, not imagined problems.
         

         
         The Skeptical Environmentalist offers readers a non-partisan stocktaking exercise that serves as a useful corrective
            to the more alarmist accounts favoured by campaign groups and the media. It is essential
            reading for anybody with a serious interest in current environmental debates.
         

         
         BJØRN LOMBORG is an Associate Professor of Statistics in the Department of Political Science, University
            of Aarhus, Denmark. He has published in international journals in the fields of game
            theory and computer simulations.
         

         
      

      
   
      
      
         
         Advance praise for The Skeptical Environmentalist

         
         “Bjørn Lomborg raises the important question whether the costs of remedying the damage
            caused by environmental pollution are higher than the costs of the pollution itself.
            The answer is by no means straightforward. He has written a pioneering book.”
         

         
         Professor Richard Rosecrance, Department of Political Science, University of California,
            Los Angeles
         

         
         “The well-publicized, but failed doomsday predictions made by some well-known environmentalist
            writers have inspired a number of rejoinders. This is the best one, by a wide margin.
            Its author teaches statistics in the Department of Political Science at Aarhus University
            in Denmark. He has marshaled an extremely impressive array of data to buttress his
            optimism about long-term and current trends in environment and development. On the
            environmental side, the book covers traditional problems like food, energy, water,
            and pollution, but also future problems like biodiversity and the greenhouse effect.
            In each of these areas, he argues that environmental problems can be managed (and
            in many cases have been managed already), and that trying to turn the clock back will
            be costlier in economic as well as human terms. On the development side, Lomborg points
            to encouraging trends in life expectancy, welfare, the decline of population growth,
            and the reduction of hunger. While he may occasionally make things difficult for himself
            by insisting that the world is making progress in virtually every area, this is also
            what makes the book such an impressive tour de force. This volume is a revised version
            of a much-debated Danish book from 1998, but the documentation is truly international
            – much more so than in the extensive US literature that promotes a similar message.
            Since theories of environmental conflict are generally predicated on a premise of
            scarcity, Lomborg’s argument is of great potential importance to peace research.”
         

         
         Nils Petter Gleditsch, Editor, Journal of Peace Research, Research Professor, International Peace Research Institute, Oslo (PRIO), Professor
            of International Relations, Norwegian University of Science and Technology (NTNU),
            Trondheim
         

         
         “For many scientists working with developing country issues it has long been difficult
            to reconcile findings from our field studies in Africa, Asia and Latin America with
            the pronouncements from environmental pressure groups in the industrialized world.
            With much better access to media and politicians a number of influential institutes
            and individuals have created images of a rapidly deteriorating world which is not
            always apparent to a significant section of the world population. What is even more
            disturbing is that much of the negative statements on environmental issues and on
            the global food situation seem to stem from relatively short-term time series, with
            apparent bias in selection of begin-points and end-points to make development look
            gloomy. There seems a sharp reluctance in some media and political circles to accept
            that much progress has been made in providing food for a population which is twice
            the size of what it was when the Club of Rome issued its doomsday scenarios. Indeed
            there is reluctance in the North to accept that poor people in the South have mostly
            done it themselves. It seems almost universally accepted in the North that the forests
            of the South are disappearing, depriving the globe of its green lungs, whilst serious
            study of forestry data indicate a much more mixed picture, with India arguably having
            more forests than 50 years ago.
         

         
         Lomborg’s book is a warning to scientists who have abandoned statistical prudence
            in their work. Anecdotal science can become biassed science or lead to wrong conclusions.
            The magnifying glass of crisis-focussed media, the scramble for competitive grants
            funding among scientists, and the need for pressure groups to sustain themselves,
            obscure less obvious and often less dramatic trends. And in particular they obscure
            a great deal of good news for the poor.
         

         
         The concern for the environment and for the global food situation is honourable. We
            are all for a better environment and high biodiversity, and against food insecurity. There is a general consensus against pollution of the environment,
            wasteful food production methods, inequalities in access to food. There is a growing
            awareness of the dangers of global climate change. Lomborg does not argue against
            these legitimate concerns. He argues against lax and biassed use of data, particularly
            of time series. He warns that it is degrading science by allowing bits to be picked
            out of context. He is afraid that pompous statements based on flimsy evidence that
            also attract the media and the politicians constitute a threat to the integrity of
            science itself. If, in the long run, opportunistic behaviour of scientists leads to
            disregard of some of the basic tools of science – and statistical analysis is certainly
            one of them – then science itself will ultimately be the loser.
         

         
         Lomborg’s book questions the scientific basis why good news is suppressed and bad
            news amplified. But given that the environment is under pressure, it also questions
            whether we apply the correct remedies. In a world where around 1.5 billion people
            live on less that one US dollar a day and 2.5 probably on less than two dollars a
            day, we should be seriously concerned about the human dimension of our interactions
            with the environment. In our efforts to rescue the environment Lomborg suggests that
            exorbitant sums may be invested in environmental efforts that mean little to the poor,
            whilst only a handful of countries set aside as much as 0.7% of their GDP for development
            aid. If we are developing a setting, based on flawed data analysis, where rich people
            let butterflies count more heavily in their budgets than hungry and sick people, then
            we are morally on very thin ice. In a long string of examples Lomborg suggests that
            there is growing evidence that we may not have got our priority setting right, and
            that poor people may suffer from our careless handling of scarce data sets.
         

         
         Lomborg questions most of our common views on the environment, the global food situation,
            and strategies for development assistance to the poor. He may not be right on all
            issues, but his plea for scientific stringency in analysis, and his exposure of false
            environmental prophets, are all very credible.”
         

         
         Stein W. Bie. Director General, International Service for National Agricultural Research
            (ISNAR)
         

         
         “Those who feel strongly about poverty always emphasize how deep and widespread it
            is. But they seldom mention the great amount of people who have been lifted out of
            poverty over the last few hundred years or, especially, over the last few decades.
            A similar observation applies to those who care deeply about the environment. They
            tell us about the inroads of degradation and pollution all over the world, but seldom
            direct our attention to the results achieved in turning this process around, at least
            in significant parts of the world.
         

         
         These attitudes have always amazed me. Although it is important to know the depth
            and width of a problem, it is no less important to know how it is being met and what
            results are thus being achieved. It is only in light of that knowledge that we can
            move forward with force and confidence. Such a view from both sides is the essential
            asset of Bjørn Lomborg’s book. It presents the nature and extension of the problems
            we are faced with, as well as the ways along which they are being challenged and the
            results that are being obtained. The outcome is a hopeful view which should hearten
            all those who feel anxious about poverty and environment.”
         

         
         Jonas H. Haralz, Former Executive Director of the World Bank for the Nordic Countries.

         
         “Based on facts and figures that are common ground to all sides of the ecological
            debate, this book will change forever the way you think about the state of the world.
            It is a remarkable, no, an extraordinary achievement.”
         

         
         Tøger Seidenfaden, Executive Editor-in-Chief, Politiken
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         This is my long-run forecast in brief:

         
         The material conditions of life will continue
to get better for most people, in most countries,
most of the time, indefinitely. Within a century or two,
all nations and most of humanity will be at or above
today’s Western living standards.
         

         
         I also speculate, however, that many people will continue
to think and say that the conditions of life are getting worse.
         

         
         Julian Simon (1932–98), Professor of Economics,
University of Maryland (Regis 1997:198)
         

         
      

      
   
      
      
         
         The book is dedicated to my mother, Birgit Lomborg.
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         Preface

         
         The idea for this book was born in a bookstore in Los Angeles in February 1997. I
            was standing leafing through Wired Magazine and read an interview with the American economist Julian Simon, from the University
            of Maryland. He maintained that much of our traditional knowledge about the environment
            is quite simply based on preconceptions and poor statistics. Our doomsday conceptions
            of the environment are not correct. Simon stressed that he only used official statistics,
            which everyone has access to and can use to check his claims.
         

         
         I was provoked. I’m an old left-wing Greenpeace member and had for a long time been
            concerned about environmental questions. At the same time I teach statistics, and
            it should therefore be easy for me to check Simon’s sources. Moreover, I always tell
            my students how statistics is one of science’s best ways to check whether our venerable
            social beliefs stand up to scrutiny or turn out to be myths. Yet, I had never really
            questioned my own belief in an ever deteriorating environment – and here was Simon,
            telling me to put my beliefs under the statistical microscope.
         

         
         In the fall of 1997 I held a study group with ten of my sharpest students, where we
            tried to examine Simon thoroughly. Honestly, we expected to show that most of Simon’s
            talk was simple, American right-wing propaganda. And yes, not everything he said was
            correct, but – contrary to our expectations – it turned out that a surprisingly large
            amount of his points stood up to scrutiny and conflicted with what we believed ourselves
            to know. The air in the developed world is becoming less, not more, polluted; people
            in the developing countries are not starving more, but less, and so on.
         

         
         I asked myself why I was so definitely convinced that the environmental situation
            is bad and ever deteriorating. And if I was wrong in my beliefs about the environment,
            I was probably not the only one. Thus, I contacted one of the leading Danish newspapers,
            the centreleft, Guardian-like Politiken, and suggested to them that I write some articles about our understanding of various
            environmental problems. The outcome was four articles, that gave rise to one of the
            biggest Danish debates, spreading to all newspapers, and covering well over 400 articles,
            commentaries and critiques. Later, I tried to follow up on the debate with a book,
            covering a much wider area and attempting to address all our main worries.
         

         
         However, the entire debate seemed peculiarly incomplete. To begin with, I was surprised
            that the only reaction from many environmental groups was the gut reaction of complete
            denial. Sure, this had also been my initial response, but I would have thought as
            the debate progressed that refusal would give place to reflection on the massive amounts
            of supportive data I had presented, and lead to a genuine reevaluation of our approach
            to the environment. Surprisingly, I met many, even amongst my close friends, who had
            only read the critical commentaries and drawn the simple conclusion that I was wrong,
            and that we could comfortably go on believing in the impending doomsday. This suggested
            that doomsday-visions are very thoroughly anchored in our thinking.
         

         
         I teach statistics at the University of Aarhus and basically my skills consist in
            knowing how to handle international statistics. Normally you associate statistics with a boring
            runthrough of endless rows of numbers – a problem I must every term convince new students
            is not necessarily true. Actually, statistics can be thoroughly exciting exactly because
            it confronts our myths with data and allows us to see the world more clearly. This
            excitement, I hope, is also apparent throughout the book. Though it contains much
            quantitative information, knowing the state of our world should be stimulating and
            invigorating, the challenge to our world view healthy and rewarding.
         

         
         If I mention my profession at a party, it is seldom that I avoid a comment which rightly
            or wrongly builds on something which the English Prime Minister Benjamin Disraeli
            (1804–81) is supposed to have said: “There are three kinds of lies: lies, damned lies
            and statistics.”1 And it’s actually true that statistics can be used to manipulate the truth. But used
            judiciously statistics is the best source of information about our world.
         

         
         Why? Because the small part of the world that we see amongst our friends and acquaintances
            and in the media seldom shows a balanced picture of the whole world. For many different
            reasons our friends and acquaintances are much more similar to ourselves than the
            average population. Thus, basing our impressions of the world from friends alone will
            bias our views. Likewise, on TV we often get to hear stories which are twisted and
            sensationalized in many different and predictable ways (see chapter 2 on the problems of truth and the media).
         

         
         In this way, statistics offers us a way to see the world more clearly. Indeed, statistics
            is in many areas the only way we can make a scientifically sound description of the
            world.
         

         
         I have let experts review the chapters of this book, but I am not myself an expert
            as regards environmental problems. My aim has rather been to give a description of
            the approaches to the problems, as the experts themselves have presented them in relevant
            books and journals, and to examine the different subject-areas from such a perspective
            as allows us to evaluate their importance in the overall social prioritization.
         

         
         The key idea is that we ought not to let the environmental organizations, business
            lobbyists or the media be alone in presenting truths and priorities. Rather, we should
            strive for a careful democratic check on the environmental debate, by knowing the
            real state of the world – having knowledge of the most important facts and connections
            in the essential areas of our world. It is my hope that this book will contribute
            to such an understanding.
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         Language and measures

         
         This book presents a lot of data. In making complete sentences out of specific data,
            I have often selected fluency over cumbersome accuracy, which nevertheless should
            be available through the endnotes or the figure captions. When I write ‘today’ it
            typically implies the most recently available data, which could be anywhere from 1997
            to 2001, depending on the speed of data collection and the time span involved.
         

         
         Any data book in the English market has to consider the question of measures. This
            book mainly uses metrics, but whenever ‘human-size’ data are involved, I try also
            to indicate the imperial measures.2 Thus, when discussing the American waste production (Figure 114, p. 207), the national waste is denoted in million metric tons. (I doubt if anyone
            truly has a feel for the magnitude of 150 million tons of landfill waste, and it would
            probably not help much to say 330 billion pounds instead.) Here, the important comparison
            is with the – equally incomprehensible – figures from 1960 or from 2005. However,
            when talking about the average daily waste per American, a change from 3 pounds in
            1985 to 2.5 pounds in 2000 is readily comprehensible.
         

         
         Timing throughout the book is in Common Era (CE) and Before Common Era (BCE). Energy
            is denoted by Joule (J) or kilo-watt-hours (kWh). Exponentials are used to denote
            large numbers, i.e. 5e6 means 5x106, or a five followed by six zeros (5 million). The conventional prefixes are used
            throughout, with k (kilo, thousand), M (mega, million), G (giga, billion), and for
            really large numbers E (eta, 1e18) and Z (zeta, 1e21).3 Celsius is used for temperature, with one degree Celsius being 1.8 degrees Fahrenheit,
            and 0°C being 32°F.
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         The Litany
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         1 Things are getting better

         
         What kind of state is the world really in?

         
         Optimists proclaim the end of history with the best of all possible worlds at hand,
            whereas pessimists see a world in decline and find doomsday lurking around the corner.
            Getting the state of the world right is important because it defines humanity’s problems
            and shows us where our actions are most needed. At the same time, it is also a scorecard
            for our civilization – have we done well with our abilities, and is this a world we
            want to leave for our children?
         

         
         This book is the work of a skeptical environmentalist. Environmentalist, because I
            – like most others – care for our Earth and care for the future health and wellbeing
            of its succeeding generations. Skeptical, because I care enough to want us not just
            to act on the myths of both optimists and pessimists. Instead, we need to use the
            best available information to join others in the common goal of making a better tomorrow.
         

         
         Thus, this book attempts to measure the real state of the world. Of course, it is
            not possible to write a book (or even lots and lots of books for that matter) which
            measures the entire state of the world. Nor is this my intention. Instead, I wish
            to gauge the most important characteristics of our state of the world – the fundamentals. And these should be assessed not on myths but on the best available facts. Hence,
            the real state of the world.
         

         
         The Litany

         
         The subtitle of my book is a play on the world’s best-known book on the environment,
            The State of the World. This has been published every year since 1984 by the Worldwatch Institute and its
            leader Lester Brown,4 and it has sold more than a million copies. The series attempts to identify the world’s
            most significant challenges professionally and veraciously. Unfortunately, as we shall
            see, it is frequently unable to live up to its objectives. In many ways, though, The State of the World is one of the best-researched and academically most ambitious environmental policy
            publications, and therefore it is also an essential participant in the discussion
            on the State of the World.5

         
         On a higher level this book plays to our general understanding of the environment:
            the Litany of our ever deteriorating environment. This is the view of the environment
            that is shaped by the images and messages that confront us each day on television,
            in the newspapers, in political statements and in conversations at work and at the
            kitchen table. This is why Time magazine can start off an article in 2000, stating as entirely obvious how “everyone
            knows the planet is in bad shape”.6

         
         Even children are told the Litany, here from Oxford University Press’ Young Oxford Books: “The balance of nature is delicate but essential for life. Humans have upset that
            balance, stripping the land of its green cover, choking the air, and poisoning the
            seas”.7

         
         Equally, another Time article tells us how “for more than 40 years, earth has been sending out distress
            signals” but while “we’ve staged a procession of Earth Days … the decline of Earth’s
            ecosystems has continued unabated.8 The April 2001 Global Environment Supplement from New Scientist talks about the  impending “catastrophe” and how we risk consigning “humanity to the dustbin of evolutionary
            history”. Our impact is summarized with the headline “Self-destruct”:
         

         
         We humans are about as subtle as the asteroid that wiped out the dinosaurs … The damage
            we do is increasing. In the next 20 years, the population will increase by 1.5 billion.
            These people will need food, water and electricity, but already our soils are vanishing,
            fisheries are being killed off, wells are drying up, and the burning of fossil fuels
            is endangering the lives of millions. We are heading for cataclysm.9

         
         This understanding of the environment is all pervasive. We are all familiar with the
            Litany:10 the environment is in poor shape here on Earth.11 Our resources are running out. The population is ever growing, leaving less and less
            to eat. The air and the water are becoming ever more polluted. The planet’s species
            are becoming extinct is vast numbers – we kill off more than 40,000 each year. The
            forests are disappearing, fish stocks are collapsing and the coral reefs are dying.
         

         
         We are defiling our Earth, the fertile topsoil is disappearing, we are paving over
            nature, destroying the wilderness, decimating the biosphere, and will end up killing
            ourselves in the process. The world’s ecosystem is breaking down. We are fast approaching
            the absolute limit of viability, and the limits of growth are becoming apparent.12

         
         We know the Litany and have heard it so often that yet another repetition is, well,
            almost reassuring. There is just one problem: it does not seem to be backed up by
            the available evidence.
         

         
         Things are better – but not necessarily good

         
         I will attempt over the course of this book to describe the principal areas which
            stake out humankind’s potentials, challenges and problems – in the past, the present
            and the future. These areas are selected either because it is immediately obvious
            that they are important (e.g. the number of people on earth), because models show
            they will have a decisive influence on human development (air pollution, global warming)
            or because they are frequently mentioned in the discussion on the state of the world
            (chemical fears, e.g. pesticides).13

         
         In presenting this description I will need to challenge our usual conception of the
            collapse of ecosystems, because this conception is simply not in keeping with reality.
         

         
         We are not running out of energy or natural resources.14 There will be more and more food per head of the world’s population. Fewer and fewer
            people are starving. In 1900 we lived for an average of 30 years; today we live for
            67. According to the UN we have reduced poverty more in the last 50 years than we
            did in the preceding 500, and it has been reduced in practically every country.
         

         
         Global warming, though its size and future projections are rather unrealistically
            pessimistic, is almost certainly taking place, but the typical cure of early and radical
            fossil fuel cutbacks is way worse than the original affliction, and moreover its total
            impact will not pose a devastating problem for our future. Nor will we lose 25–50
            percent of all species in our lifetime – in fact we are losing probably 0.7 percent.
            Acid rain does not kill the forests, and the air and water around us are becoming
            less and less polluted.
         

         
         Mankind’s lot has actually improved in terms of practically every measurable indicator.

         
         But note carefully what I am saying here: that by far the majority of indicators show
            that mankind’s lot has vastly improved. This does not, however, mean that everything is good enough. The first statement refers to what the world looks like whereas the second refers
            to what it ought to look like.15

         
         While on lecture tours I have discovered how vital it is to emphasize this distinction.
            Many people believe they can prove me wrong,  for example by pointing out that a lot of people are still starving: “How can you
            say that things are continuing to improve when 18 percent of all people in the developing
            world are still starving?”
         

         
         The point is that ever fewer people in the world are starving. In 1970, 35 percent
            of all people in developing countries were starving. In 1996 the figure was 18 percent
            and the UN expects that the figure will have fallen to 12 percent by 2010.16 This is remarkable progress: 237 million fewer people starving. Till today, more
            than 2000 million more people are getting enough to eat.
         

         
         The food situation has vastly improved, but in 2010 there will still be 680 million
            people starving, which is obviously not good enough.
         

         
         The distinction is essential; when things are not going well enough we can sketch
            out a vision: fewer people must starve. This is our political aim.
         

         
         But when things are improving we know we are on the right track. Although perhaps
            not at the right speed. Maybe we can do even more to improve the food situation, but
            the basic approach is not wrong. We are actually saving lives and can look forward
            to fewer people starving in future.
         

         
         Exaggeration and good management

         
         The constant repetition of the Litany and the often heard environmental exaggerations
            has serious consequences. It makes us scared and it makes us more likely to spend
            our resources and attention solving phantom problems while ignoring real and pressing
            (possibly non-environmental) issues. This is why it is important to know the real
            state of the world. We need to get the facts and the best possible information to
            make the best possible decisions. As the lead author of the environmental report Our Common Future, Gro Harlem Brundtland, put it in the top scientific magazine Science: “Politics that disregard science and knowledge will not stand the test of time.
            Indeed, there is no other basis for sound political decisions than the best available
            scientific evidence. This is especially true in the fields of resource management
            and environmental protection”.17

         
         However, pointing out that our most publicized fears are incorrect does not mean that
            we should make no effort towards improving the environment. Far from it. It will often
            make good sense to make some effort towards managing our resources and tackling our
            problems in areas like forest and water management, air pollution, and global warming.
            The point here is to give us the best evidence to allow us to make the most informed
            decision as to where we need to place most of our efforts. What I will show throughout
            the book is that our problems are often getting smaller and not bigger, and that frequently the offered solutions are grossly inefficient.
            What this information should tell us is not to abandon action entirely, but to focus
            our attention on the most important problems and only to the extent warranted by the
            facts.
         

         
         Fundamentals: trends

         
         If we are to understand the real state of the world, we need to focus on the fundamentals and we need to look at realities, not myths. Let us take a look at both of these requirements, starting with the fundamentals.
         

         
         When we are to assess the state of the world, we need to do so through a comparison.18 Legend has it that when someone remarked to Voltaire, “life is hard,” he retorted,
            “compared to what?”19 Basically, the choice of comparison is crucial. It is my argument that the comparison
            should be with how it was before. Such comparison shows us the extent of our progress – are we better or worse off
            now than previously? This means that we should focus on trends.
         

         
         When the water supply and sanitation services were improved in cities throughout the
            developed world in the nineteenth century, health and life expectancy improved dramatically.20 Likewise, the broadening of education from the early nineteenth century till today’s
            universal school enrolment has brought literacy and democratic competence to the developed
            world.21 These trends have been replicated in the developing world in the twentieth century.
            Whereas 75 percent of the young people in the developing world born around 1915 were
            illiterate, this is true for only 16 percent of today’s youth (see Figure 41, p. 81). And while only 30 percent of the people in the developing world had access
            to clean drinking water in 1970, today about 80 percent have (see Figure 5, p. 22). These developments represent great strides forward in human welfare; they
            are huge improvements in the state of the world – because the trends have been upwards
            in life expectancy and literacy.
         

         
         In line with the argument above, it is a vast improvement that people both in the developed and in the developing world have dramatically increased
            their access to clean drinking water. Nevertheless, this does not mean that everything
            is good enough. There are still more than a billion people in the Third World who do not have access
            to clean drinking water. If we compare the world to this ideal situation, it is obvious that there are still improvements to be made. Moreover,
            such a comparison with an ideal situation sets a constructive, political ambition
            by showing us that if access has become universal in the developed world, it is also
            an achievable goal for the developing world.
         

         
         But it is important to realize that such a comparison constitutes a political judgment.
            Of course, when asked, we would probably all want the Third World to have better access
            to clean drinking water, but then again, we probably all want the Third World to have
            good schooling, better health care, more food security, etc. Likewise, in the developed
            world we also want better retirement homes for our elders, better kindergartens, higher
            local environmental investments, better infrastructure, etc. The problem is that it
            all costs money. If we want to improve one thing, such as Third World access to clean
            drinking water, we need to take the resources from other areas where we would also
            like to make things better. Naturally, this is the essence of politics – we have to
            prioritize resources and choose some projects over many others. But if we make the
            state of the world to be a comparison with an ideal situation we are implicitly making a political judgment as to what projects in the
            world we should be prioritizing.
         

         
         Thus, with this assessment of the state of the world I wish to leave to the individual
            reader the political judgment as to where we should focus our efforts. Instead, it
            is my intention to provide the best possible information about how things have progressed
            and are likely to develop in the future, so that the democratic process is assured
            the soundest basis for decisions.
         

         
         And this means focusing on trends.

         
         Fundamentals: global trends

         
         The Global Environmental Outlook Report 2000 tells us much about the plight of Africa.22 Now, there is no doubt that Africa, and especially Africa below the Sahara, has done
            less well than other continents, an issue to which we will return (p. 65ff). Sub-Saharan
            Africa has by far the greatest numbers of starving people – almost 33 percent were
            starving in 1996, although this was down from 38 percent in 1970 and is expected to
            fall even further to 30 percent in 2010.23

         
         In the most staggering prediction of problems ahead, Global Environmental Outlook Report 2000 tells us that soil erosion is a pervasive problem, especially in Africa. Indeed,
            “in a continent where too many people are already malnourished, crop yields could
            be cut by half within 40 years if the degradation of cultivated lands were to continue
            at present rates”.24 This, of course, would represent a tragedy of enormous proportions, causing massive
            starvation on the African continent. However, the background for this stunning prediction
            stems from a single, unpublished study from 1989, based on agricultural plot studies
            only in South Africa.25 And it is in stark opposition to the estimates of the major food production models
            from the UN (FAO) and IFPRI, expecting an annual 1.7 percent yield increase over the
            next 20–25 years.26 Although the growth in yield in the 1990s was small but positive, the absolute grain
            production increased more than 20 percent.27

         
         In many ways this is reminiscent of one of the most cited European soil erosion estimates
            of 17 tons per hectare.28 This estimate turned out – through a string of articles, each slightly inaccurately
            referring to its predecessor – to stem from a single study of a 0.11 hectare sloping
            plot of Belgian farmland, from which the author himself warns against generalization.29 In both examples, sweeping statements are made with just a single example. Unfortunately,
            such problematic argumentation is pervasive, and we will see more examples below.
            The problem arises because in today’s global environment, with massive amounts of
            information at our fingertips, an infinite number of stories can be told, good ones
            and bad.
         

         
         Should you be so inclined, you could easily write a book full of awful examples and
            conclude that the world is in a terrible state. Or you could write a book full of
            sunshine stories of how the environment is doing ever so well. Both approaches could
            be using examples that are absolutely true, and yet both approaches would be expressions
            of equally useless forms of argumentation. They resemble the classic fallacy that
            “my granddad smoked cigars all his life and was healthy until he died at the age of
            97, so smoking isn’t dangerous.” Such a fallacy is clearly not rectified by accumulating
            lots of examples – we could easily find many grandfathers who had smoked heavily and
            lived into their late nineties, but still this is no argument for smoking not being
            dangerous. The argument fails because it systematically neglects all the men who smoked
            and died of lung cancer in their late forties, before they even got to be grandfathers.30 So if we are to demonstrate the problems of smoking, we need to use comprehensive
            figures. Do smokers get lung cancer more or less often compared with non-smokers?31

         
         In the same way we can only elucidate global problems with global figures. If we hear
            about Burundi losing 21 percent in its daily per capita caloric intake over the past
            ten years,32 this is shocking information and may seem to reaffirm our belief of food troubles
            in the developing world. But we might equally well hear about Chad gaining 26 percent,
            perhaps changing our opinion the other way.33 Of course, the pessimist can then tell us about Iraq loosing 28 percent and Cuba
            19 percent, the optimist citing Ghana with an increase of 34 percent and Nigeria of
            33 percent. With 120 more countries to go, the battle of intuition will be lost in
            the information overload.34 On average, however, the developing countries have increased their food intake from
            2,463 to 2,663 calories per person per day over the last ten years, an increase of
            8 percent.35

         
         The point is that global figures summarize all the good stories as well as all the ugly ones, allowing us to evaluate how serious the overall situation is. Global
            figures will register the problems in Burundi but also the gains in Nigeria. Of course,
            a food bonanza in Nigeria does not alleviate food scarcity in Burundi, so when presenting
            averages we also have to be careful only to include comparable countries like those
            in the developing world. However, if Burundi with 6.5 million people eats much worse
            whereas Nigeria with 108 million eats much better, it really means 17 Nigerians eating
            better versus 1 Burundi eating worse – that all in all mankind is better fed. The
            point here is that global figures can answer the question as to whether there have
            been more good stories to tell and fewer bad ones over the years or vice versa.
         

         
         
         This is why in the following chapters I shall always attempt to present the most comprehensive
            figures in order to describe the development of the entire world or the relevant regions.
            What we need is global trends.
         

         
         Fundamentals: long-term trends

         
         In the environmental debate you often hear general discussion based on extremely short-term
            trends. This is dangerous – a lone swallow does not mean that summer has arrived.
         

         
         Food prices have fallen dramatically during the last centuries (see Figure 25, p. 62). However, Lester Brown said in early 1998 that he could detect the beginnings
            of a historic increase in the price of wheat. From 1994 to 1996 wheat got more expensive
            and now we were headed for the abyss. In Figure 49 (p. 94) you will see that he was wrong. The wheat price in 2000 was lower than ever
            before.
         

         
         Unfortunately, looking at short-term counter-trends was already firmly established
            in the first Worldwatch State of the World publication in 1984. Here, they worried about an international trade setback. “Nor
            is future growth in international trade likely to be rapid. According to the International
            Monetary Fund, the value of world exports peaked at $1,868 billion in 1980 and fell
            to roughly $1,650 billion in 1983, a decline of nearly 12 percent.”36 This claim can be evaluated in Figure 1. The 12 percent trade setback occurred mainly because of the second oil crisis, and
            it hit trade in goods but not services. However, Worldwatch Institute measures only
            goods and only presents figures that are not corrected for inflation – actually the
            alleged trade setback for inflation-adjusted trade in both goods and services is almost
            non-existent. Since 1983, international trade has more than doubled from $3.1 trillion
            to $7.5 trillion in 1997. And yes, the years 1980–83 show the only multi-year setback since data start in 1950.37
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         Figure 1 World exports of goods in current US$ 1950–2000, in 1998 US$ 1950–98, and goods and
            services 1960–97. Worldwatch Institute’s worry of declining trade from 1980 to 1983
            is marked out. Source: WTO 2000:27, IMF 2000d:226, 2000e, WI 2000b:75, 2000c, World
            Bank 2000c.38

         
         Equally, Lester Brown wants to tell us how grain yields are no longer growing as fast
            or have perhaps even stopped completely, because increasingly we are reaching the
            physiological limits of the plants39 (we will look more at this line of argument in chapter 9). Trying to discredit the World Bank grain predictions, he points out that “from
            1990 to 1993, the first three years in the Bank’s 20-year projection period, worldwide
            grain yields per hectare actually declined.”40 This claim is documented in Figure 2. Here it is evident that while Brown’s claim is technically true (the grain yield
            did decline from 2.51 t/ha to 2.49 t/ha), it neglects and misrepresents the long-term
            growth. Moreover, it ignores the fact that this decline did not take place in the
            more vulnerable developing countries, where yields have steadily grown. Actually,
            the reason Brown finds grain yield declines in the early 1990s is primarily due to
            the breakup of the Soviet Union, causing grain yields there to plummet, but this is
            hardly an indication of physiological limits of the plants.
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         Figure 2 Grain yields for the world, the developing world and the USSR area, 1961–2000. Brown’s
            proof of declining grain yields from 1990 to 1993 is marked out. Source: FAO 2001a.
         

         
         Isaac Asimov, worrying about more hurricanes from global warming (something we will
            look into in Part V), cites some seemingly worrying statistics: “The twenty-three years from 1947 to 1969 averaged about 8.5 days of very violent Atlantic hurricanes, while
            in the period from 1970 to 1987 that dropped by three-quarters, to only 2.1 days per
            year … and in 1988–1989 rose again to 9.4 days a year.”41 This seems threatening. Now the hurricane rate is higher than ever. But notice the
            time-spans: 23 years, 17 years and then just two years at the end. Maybe the two years
            have been singled out just because they can be made spectacular? Well, at least the
            two years immediately preceding have 0 and 0.6 violent Atlantic hurricane days. And
            yes, the two years just after had only 1 and 1.2 days.42 Documenting these trends, the original researcher points out that Atlantic violent
            hurricane days “show a substantial decrease in activity with time.”43 Since then, only hurricane days have been documented, and they too show a decline
            of 1.63 days/decade.44

         
         
         In 1996 the World Wide Fund for Nature told us that the rate of forest loss in the
            Amazon rainforest had increased by 34 percent since 1992 to 1,489,600 hectares a year.45 What they did not tell us was that the 1994/5 year had been a peak year of deforestation,
            at an estimated 0.81 percent, higher than any other year since 1977.46 The year 1998/9 is estimated at 0.47 percent or nearly half of the top rate in 1994/5.
         

         
         In a highly interconnected world, statistical short-term reversals are bound to occur
            in long-term trends. If we allow environmental arguments – however well-meaning –
            to be backed merely by purported trends of two or three carefully selected years,
            we invariably open the floodgates to any and every argument. Thus, if we are to appraise
            substantial developments we must investigate long periods of time. Not the two or
            five years usually used, but as far back as figures exist. Of course, we must be aware
            that a new tendency may be developing, and we must also be extra careful to include
            and analyze the latest available figures. But insisting on long-term trends protects
            us against false arguments from background noise and lone swallows.
         

         
         In the chapters that follow, I will endeavor always to show the longest and the newest
            time trends.
         

         
         Fundamentals: how is it important?

         
         When we are told that something is a problem we need to ask how important it is in
            relation to other problems. We are forced constantly to prioritize our resources,
            and there will always be good projects we have to reject. The only scarce good is
            money with which to solve problems. But when the Litany is recited, it is often sufficient
            to point out that indeed there is a problem. Then you have won.
         

         
         We all hear about pesticides getting into the groundwater. Since pesticides can cause
            cancer, we have a problem. Thus, they must be banned. Not many other fields would
            be able to sustain that sort of argument. “The Department of Defense has uncovered
            that State X has developed so-called Y6 missiles, which is a problem. We will therefore
            have to develop and set up a missile defense system.” Most of us would probably ask
            how probable it was that State X would attack, how much damage a Y6 missile could do and how much
            the necessary defense system would cost. As regards pesticides, we should also ask
            how much damage they actually do and how much it would cost to avoid their use. Recent
            research suggests that pesticides cause very little cancer. Moreover, scrapping pesticides
            would actually result in more cases of cancer because fruits and vegetables help to prevent cancer, and without
            pesticides fruits and vegetables would get more expensive, so that people would eat
            less of them.
         

         
         Likewise, when the World Wide Fund for Nature told us about the Amazon rainforest
            loss increasing to 1,489,600 hectares a year, we also have to ask, how much is that?47 Is it a lot? One can naturally calculate the classical rate of “football pitches
            per hour.” But have we any idea how many football pitches the Amazon can actually
            accommodate?48 And perhaps a more important piece of information is that the total forest loss in
            the Amazon since the arrival of man has only amounted to 14 percent.49

         
         The magazine Environment told us in May 2000 how we can buy a recyclable toothbrush to “take a bite out of
            landfill use.”50 At $17.50 for four toothbrushes, each comes with a postage-paid recycling mailer,
            such that the entire toothbrush can be recycled into plastic lumber to make outdoor
            furniture. The president of the company producing the toothbrush tells us how he “simply
            cannot throw plastic in the garbage. My hand freezes with guilt … The image of all
            that plastic sitting in a landfill giving off toxic gases puts me over the top.”51 Never mind that traditional plastics do not decompose and give off gases.52 The more important question is: how important will this toothbrush effort be in reducing
            landfill?
         

         
         If everyone in the US replaced their toothbrush four times a year as the dentists
            recommend (they don’t – the average is 1.7), Environment estimates the total waste reduction at 45,400 tons – what the company thinks would
            “make a pretty significant impact on landfills.”53 Since the municipal waste generated in the US last year was 220 million tons,54 the total change (if everyone brushed their teeth with new brushes four times a year and every-one bought the new recyclable toothbrush) is a reduction of 0.02 percent, at an annual
            cost of more than $4 billion. Equivalently, of the daily generated 4.44 pounds of
            waste per person, recycling one’s toothbrush would cut 0.001 pound of waste a day
            (a sixtieth of an ounce), down to 4.439 pounds of daily waste.55 Not even considering the added environmental effects of the postal system handling
            another billion packages a year, the cost is huge, while the benefit seems slight
            at best. Moreover, as we shall see in the section on waste, we are not running out
            of storage space – the entire waste generated in the US throughout the rest of the
            twenty-first century will fit within a square landfill less than 18 miles on the side
            (see Figure 115, p. 208).
         

         
         In the following example Worldwatch Institute combines the problems of looking at
            short-term counter-trends and not asking what is important. In 1995 they pointed out
            how fertilizer use was declining. In their own words: “The era of substituting fertilizer
            for land came to a halt in 1990. If future food output gains cannot come from using
            large additional amounts of fertilizer, where will they come from? The graph of fertilizer
            use and grainland area per person may capture the human dilemma as the twenty-first
            century approaches more clearly than any other picture could.”56 (We will deal with the question of grainland area below.) The graph they showed us
            is the world fertilizer consumption (upper line) in Figure 3.
         

         
         First, if we worry about food production, we should focus not on the world average, but on the average of where the potential food problem is – the developing
            world. And here we see that the fertilizer use per person has been almost continuously
            increasing, hitting an all-time high at 17.7 kg/person in 1999. When Worldwatch Institute
            finds a trend to worry about, it is mainly because they neglect to ask what information is important. Second, this “human dilemma” is also a product of looking
            at short-term trends. With their data naturally stopping in 1994, Worldwatch Institute
            finds a clear reversal of trends – but why? Mainly because of the breakdown of the
            Soviet Union, which the Worldwatch Institute also acknowledges elsewhere.57
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         Figure 3 Fertilizer use, kg per person for the world (1950–99) and for the developing world
            (1962–99). Source: IFA 2000, WI 1999b.
         

         
         Another neat example is the way many commentators merely regard one environmental
            solution as the beginning of another problem.58 Isaac Asimov informs us that “what has happened to the problem of air pollution is
            only what happens to most of the world’s environmental problems. The problems don’t
            get solved. They simply get pushed aside, because they are swamped with unexpected
            newer and even worse ones.”59

         
         Of course, such a sweeping statement should at least have a good foundation in its
            example. Here, Asimov tells us how the British tried to solve London’s air pollution
            by building “very tall smokestacks so that the particulate pollution rose high into
            the air and only fell to earth as soot hundreds of miles away. Like most technological
            fixes, that one didn’t really fix the problem, it only removed it to a different place.
            In the final analysis, all London had done was to export its smog, in the form of
            acid rain, to the lakes and forests of Scandinavia.”60 Former vice president Al Gore tells us the exact same story: “Some of what Londoners
            used to curse as smog now burns the leaves of Scandinavian trees.”61 And since Britain and most other developed nations have begun removing the sulfur
            from the smokestack emissions, environmentalists now point out that depositing the
            removed sulfur slurry constitutes a major health hazard.62

         
         In essence, first we had one problem (bad air in London), then we had another (acid
            rain in Scandinavia), and then came a third (slurry waste). But we still had a problem.
            So things are not getting better. Or, in the judgment of Asimov, the problem has apparently
            become even worse. But such argument entirely avoids asking the question “how important?”
            Urban air pollution in London has decreased by more than 90 percent since 1930.63 The former urban air pollution probably killed at least 64,000 extra people each
            year in the UK.64 Depositing slurry waste causes far less than one cancer death every fifty years.65 Thus, to describe the transition from one problem to another as simply exchanging
            one problem for another is to miss the point entirely: that more than 63,999 people
            now live longer – every year.
         

         
         Without asking the essential question of “how important” we cannot prioritize and
            use our resources where they make the most impact.
         

         
         Fundamentals: people

         
         Counting lives lost from different problems also emphasizes a central assumption in
            my argument: that the needs and desires of humankind represent the crux of our assessment
            of the state of the world. This does not mean that plants and animals do not also
            have rights but that the focus will always be on the human evaluation.66

         
         
         This describes both my ethical conception of the world – and on that account the reader
            can naturally disagree with me – but also a realistic conception of the world: people
            debate and participate in decision-making processes, whereas penguins and pine trees
            do not.67 So the extent to which penguins and pine trees are considered depends in the final
            instance on some (in democracies more than half of all) individuals being prepared
            to act on their behalf. When we are to evaluate a project, therefore, it depends on
            the assessment by people. And while some of these people will definitely choose to value animals and plants
            very highly, these plants and animals cannot to any great extent be given particular
            rights.68

         
         This is naturally an approach that is basically selfish on the part of human beings.
            But in addition to being the most realistic description of the present form of decision-making
            it seems to me to be the only defensible one. Because what alternative do we have?
            Should penguins have the right to vote? If not, who should be allowed to speak on
            their behalf? (And how should these representatives be selected?)
         

         
         It is also important to point out that this human-centered view does not automatically
            result in the neglect or elimination of many non-human life forms. Man is in so many
            and so obvious ways dependent on other life forms, and for this reason alone they
            will be preserved and their welfare appreciated. In many places man actually shares
            common interests with animals and plants, for example in their desire for clean air.
            But it is also obvious that a choice frequently has to be made between what is good
            for humans and what is good for animals and plants. If we choose to allow a forest
            to stand untouched this will be a great advantage to many animals but a lost opportunity
            for man to cultivate timber and grow food.69 Whether we want an untouched forest or a cultivated field depends on man’s preferences with regard to food and undisturbed nature.
         

         
         The conclusion is that we have no option but to use humans as a point of reference.
            How can we otherwise avoid an ethical dilemma? When Americans argue for cutting nitrogen
            emissions to the northern Gulf of Mexico to save the bottom-dwelling animals from
            asphyxiation, this is a statement of a human desire or preference for living sea-floor fauna. It is not that such a cut is in
            itself mandated to save the sea-bed dwellers – not because they have inalienable rights
            in some way. If we were to use the inalienable rights argument we could not explain
            why we choose to save some animals at the bottom of the sea while at the same time
            we slaughter cattle for beef. Why then should these cattle not have the same right
            to survive as the fauna at the bottom of the Gulf?
         

         
         Reality versus myths

         
         It is crucial to the discussion about the state of the world that we consider the
            fundamentals. This requires us to refer to long-term and global trends, considering
            their importance especially with regard to human welfare.
         

         
         But it is also crucial that we cite figures and trends which are true.

         
         This demand may seem glaringly obvious, but the public environment debate has unfortunately
            been characterized by an unpleasant tendency towards rather rash treatment of the
            truth. This is an expression of the fact that the Litany has pervaded the debate so
            deeply and for so long that blatantly false claims can be made again and again, without
            any references, and yet still be believed.
         

         
         Take notice, this is not due to primary research in the environmental field; this generally appears to be
            professionally competent and well balanced.70 It is due, however, to the communication of environmental knowledge, which taps deeply
            into our doomsday beliefs. Such propaganda is presented by many environmental organizations,
            such as the Worldwatch Institute, Greenpeace and the World Wide Fund for Nature, and by many individual commentators, and it is readily
            picked up by the media.
         

         
         The number of examples are so overwhelming that they could fill a book of their own.
            I will consider many of them in the course of this book, and we will look specifically
            at their connection to the media in the next chapter. However, let us here look at
            some of the more outstanding examples of environmental mythmaking.
         

         
         Reality: Worldwatch Institute

         
         Often the expressions of the Litany can be traced – either directly or indirectly
            – to Lester Brown and his Worldwatch Institute. Its publications are almost overflowing
            with statements such as: “The key environmental indicators are increasingly negative.
            Forests are shrinking, water tables are falling, soils are eroding, wetlands are disappearing,
            fisheries are collapsing, range-lands are deteriorating, rivers are running dry, temperatures
            are rising, coral reefs are dying, and plant and animal species are disappearing.”71 Powerful reading – stated entirely without references.72

         
         Discussing forests, Worldwatch Institute categorically states that “the world’s forest
            estate has declined significantly in both area and quality in recent decades.”73 As we shall see in the section on forests, the longest data series from the UN’s
            FAO show that global forest cover has increased from 30.04 percent of the global land area in 1950 to 30.89 percent in 1994, an increase
            of 0.85 percentage points over the last 44 years (see Figure 60, p. 111).74 Such global figures are not referred to, however; we are only told that “each year
            another 16 million hectares of forests disappear”75 – a figure which is 40 percent higher than the latest UN figure.76 Nor is reference made to figures regarding the forests’ quality – simply because
            no such global figures exist.
         

         
         Blatant errors are also made with unfortunate frequency. Worldwatch Institute claims
            that “the soaring demand for paper is contributing to deforestation, particularly
            in the northern temperate zone. Canada is losing some 200,000 hectares of forest a
            year.”77 Reference is made to the FAO’s State of the World’s Forests 1997, but if you refer to the source you will see that in fact Canada grew 174,600 more hectares of forest each year.78

         
         In their 2000 overview, Worldwatch Institute lists the problems staked out in their
            very first State of the World publication from 1984. Here is the complete list: “Record
            rates of population growth, soaring oil prices, debilitating levels of international
            debt, and extensive damage to forests from the new phenomenon of acid rain.”79 Naturally, assessing this list at the turn of the millennium could be a good place
            to take stock of the important issues, asking ourselves if we have overcome earlier
            problems. However, Worldwatch Institute immediately tells us that we have not solved
            these problems: “Far from it. As we complete this seventeenth State of the World report, we are about to enter a new century having solved few of these problems,
            and facing even more profound challenges to the future of the global economy. The
            bright promise of a new millennium is now clouded by unprecedented threats to humanity’s
            future.”80

         
         Worldwatch Institute does not return to look at the list but merely tells us that
            the problems have not been solved and that we have added even more problems since
            then. But does the Litany stand up, if we check the data? The level of international
            debt may be the only place where we have not seen significant improvement: although
            the level of debt declined steadily throughout the 1990s, it declined only slightly,
            from 144 percent of exports in 1984 to 137 percent in 1999.81

         
         However, and as we shall see, acid rain while harming lakes did very little if any
            damage to forests. Moreover, the sulfur emissions responsible for acid rain have declined
            in both Europe and the US – in the EU, emissions have been cut by a full 60 percent
            since 1984 (as you can also see in Figure 91, p. 172).82

         
         
         The soaring oil prices which cost the world a decade of slow growth from the 1970s
            into the mid-1980s declined throughout the 1990s to a price comparable to or lower
            than the one before the oil crisis (as can be seen in Figure 64, p. 123). Even though oil prices have doubled since the all-time low in mid-1998,
            the price in the first quarter of 2001 is on par with the price in 1990, and the barrel
            price of $25 in March 2001 is still way below the top price of $60 in the early 1980s.83 Moreover, most consider this spike is a short-term occurrence, where the US Energy
            Information Agency expects an almost steady oil price over the next 20 years at about
            $22 a barrel.84

         
         Finally, speaking of record rates of population growth is merely wrong, since the
            record was set back in 1964 at 2.17 percent per year, as you can see in Figure 13, p. 47.85 Since that record, the rate has been steadily declining, standing at 1.26 percent
            in 2000, and expected to drop below 1 percent in 2016. Even the absolute number of
            people added to the world reached its peak in 1990 with 87 million, dropping to 76
            million in 2000 and still decreasing.
         

         
         Thus, in its shorthand appraisal of the state of the world since 1984, Worldwatch
            Institute sets out a list of problems, all of which have improved since then, and all but one of which have improved immensely,
            and one of which is just plain wrong. Not a great score for 16 years that have supposedly
            been meticulously covered by the Worldwatch reports. The problem, of course, is not
            lack of data – Worldwatch Institute publishes fine data collections, which are also
            used in this book – but merely a carelessness that comes with the ingrained belief
            in the Litany.
         

         
         Such belief is also visible in the future visions of the Worldwatch Institute. After
            all, in their 2000 quote above, they promise us that we will face “even more profound
            challenges” and “unprecedented threats,” clouding humanity’s future.86 These threats are often summarized in a connection that has almost become a trademark
            of the Worldwatch Institute, namely that the ever expanding economy will eventually
            undermine the planet’s natural systems. In the 2000 edition it proclaims: “As the
            global economy expands, local ecosystems are collapsing at an accelerating pace.”87 Of course, we should like to see such an accelerating pace being documented. But
            Worldwatch Institute immediately continues:
         

         
         Even as the Dow Jones climbed to new highs during the 1990s, ecologists were noting
            that ever growing human demands would eventually lead to local breakdowns, a situation
            where deterioration would replace progress. No one knew what form this would take,
            whether it would be water shortages, food shortages, disease, internal ethnic conflict,
            or external political conflict.88

         
         Notice, we are not being offered any documentation as to these breakdowns. Moreover,
            the (unnamed) ecologists are sure that they will come, but apparently “no one” knows
            what form this breakdown will take. And finally, creating a list as broad as above,
            including even internal ethnic conflicts, seems like hedging your bets, while they
            have an entirely unexplicated and undocumented connection to ecological breakdown.
         

         
         But right after this, Worldwatch Institute gives us its main example of the breakdown,
            caused by an ever expanding economy crushing the local ecosystems: “The first region
            where decline is replacing progress is sub-Saharan Africa. In this region of 800 million
            people, life expectancy – a sentinel indicator of progress – is falling precipitously
            as governments overwhelmed by rapid population growth have failed to curb the spread
            of the virus that leads to AIDS.”89 To make the implication perfectly clear, Worldwatch Institute points out that this
            AIDS infection “suggests that some countries may already have crossed a deterioration/decline
            threshold.”90

         
         This prime example of an ecosystem collapse is surprising, to say the least. It is
            true that HIV/AIDS has decreased and is decreasing life expectancy in sub-Saharan
            Africa, and within some states has caused shockingly great declines (this we will look at in Part II). However, is this caused by an ever increasing economy crushing the ecosystem? In
            one of the newest reviews of AIDS in Africa, the main cause is staked out fairly clearly:
         

         
         The high levels of AIDS arise from the failure of African political and religious
            leaders to recognize social and sexual reality. The means for containing and conquering
            the epidemic are already known, and could prove effective if the leadership could
            be induced to adopt them. The lack of individual behavioral change and of the implementation
            of effective government policy has roots in attitudes to death and a silence about
            the epidemic arising from beliefs about its nature and the timing of death.91

         
         Equally, in a review in The Lancet, it is argued that:
         

         
         two principal factors are to blame [for the AIDS epidemic in the developing countries]:
            first, the reluctance of national governments to take responsibility for preventing
            HIV infection; and second, a failure by both national governments and international
            agencies to set realistic priorities that can have an effect on the overall epidemic
            in countries with scarce resources and weak implementation capacity.92

         
         To put it differently, the rapid spread of AIDS in Africa is primarily caused by political and social factors. The tragedy is obvious and demands the attention and efforts of the developed
            world, but it is not an indication of an ecological collapse brought on by an ever expanding economy.
            Moreover, the Worldwatch Institute’s obsession with pointing out how they have finally
            found an example of concrete decline replacing progress seems ill placed and unfounded.93

         
         But Worldwatch Institute also gives us another concrete example of ecological collapse,
            when pointing out the dangers of complex interactions. Let us quote the entire paragraph
            to see the extraordinary transition from general claims to concrete examples:
         

         
         The risk in a world adding nearly 80 million people annually is that so many sustainable
            yield thresholds will be crossed in such a short period of time that the consequences
            will become unmanageable. Historically, when early civilizations lived largely in
            isolation, the consequences of threshold crossings were strictly local. Today, in
            the age of global economic integration, a threshold crossing in one major country
            can put additional pressure on resources in other countries. When Beijing banned logging
            in the upper reaches of the Yangtze River basin in 1998, for example, the increased
            demand for forest products from neighboring countries in Southeast Asia intensified
            the pressure on the region’s remaining forests.94

         
         Thus, the best example that Worldwatch Institute can give us of the world’s unmanageable
            collapses is a change in timber production of an undocumented size, which by most
            economists would be described exactly as an efficient production decision: essentially
            the Chinese government has discovered that producing trees in the upper reaches of
            the Yangtze is all in all a bad deal, because the trees are better used to moderate
            flooding. Ironically, Worldwatch Institute actually claims that this logging ban is
            a proof that “the principles of ecology are replacing basic economics in the management
            of national forests.”95 The reason is that the Beijing viewpoint “now is that trees standing are worth three
            times as much as those cut, simply because of the water storage and flood control
            capacity of forests.”96 Of course, this is just plain and simple (and probably sound) social cost-benefit
            analysis – good economics, and not ecology.
         

         
         Thus, the prominent and repeated statements of the Worldwatch Institute analyzed here
            seem to indicate that the Litany’s claims of ecological collapse are founded on very
            fragile examples or merely offered on faith. (It is also worth pointing out how these
            quotes underline the danger of arguing from single examples and not global trends,
            as pointed out above.)
         

         
         
         Of course, while these quotes show some of the strongest arguments for the Litany
            in State of the World, Worldwatch Institute offers a long list of other examples and analyses within different
            areas, and we shall comment on these as we go through the subjects in this book.
         

         
         Reality: World Wide Fund for Nature

         
         World Wide Fund for Nature (WWF) focused towards the end of 1997 on the Indonesian
            forest fires which were pouring out thick clouds of smoke over much of Southeast Asia.
            There is no doubt that these were obnoxious for city dwellers, but WWF stressed how
            the forest fires were a signal that the world’s forests were “out of balance” – tidings
            which the Worldwatch Institute actually announced as one of the primary signs of ecological
            breakdown in 1997.97

         
         WWF proclaimed 1997 as “the year the world caught fire,” because “in 1997, fire burned
            more forests than at any other time in history.”98 Summing up, the WWF president Claude Martin stated unequivocally that “this is not
            just an emergency, it is a planetary disaster.”99 But on closer inspection, as can be seen in the forests section later in the book,
            the figures do not substantiate this claim: 1997 was well below the record, and the
            only reason that 1997 was the year when Indonesia’s forest fires were noticed was
            that it was the first time they really irritated city dwellers.100 In all, Indonesia’s forest fires affected approximately 1 percent of the nation’s
            forests.
         

         
         Likewise, WWF in 1997 issued a press release entitled “Two-thirds of the world’s forests
            lost forever.”101 Both here and in their Global Annual Forest Report 1997, they explained how “new research by WWF shows that almost two-thirds of the world’s
            original forest cover has been lost.”102 This seemed rather amazing to me, since most sources estimate about 20 to 25 per-cent.103 I therefore called WWF in England and spoke to Rachel Thackray and Alison Lucas,
            who had been responsible for the press release, and asked to see WWF’s research report.
            All they were able to tell me, however, was that actually, no report had ever existed and that WWF had been given the figures by Mark Aldrich of the World Conservation
            Monitoring Centre. Apparently, they had looked at some maximum figures, and because
            of problems of definition had included the forests of the northern hemisphere in the
            original overview of forest cover, but not in the current one.104

         
         From this non-report, WWF tells us that: “now we have proof of the extent of forest
            already lost … The frightening thing is that the pace of forest destruction has accelerated
            dramatically over the last 5 years and continues to rise.”105 The UN, however, tells us that the rate of deforestation was 0.346 percent in the
            1980s and just 0.32 percent in the period 1990–5 – not a dramatic increase in pace,
            but a decrease.106

         
         WWF confides in us that nowhere is deforestation more manifest than in Brazil, which
            “still has the highest annual rate of forest loss in the world.”107 In actual fact the deforestation rate in Brazil is among the lowest as far as tropical
            forest goes; according to the UN the deforestation rate in Brazil is at 0.5 percent
            per year compared to an average of 0.7 percent per year.108

         
         In more recent material, WWF has now lowered their estimate of original cover from
            8,080 million hectares to 6,793 million hectares (some 16 percent), while they have
            increased their estimate of the current forest cover from 3,044 million hectares to
            3,410 million (some 12 percent), although their current estimate is still some 100
            million hectares lower than the UN estimate.109 This means that WWF has lowered its estimates from 62.3 percent to 49.8 percent of
            the earth’s forest that have been lost.110

         
         Still, this is much more than the 20 percent commonly estimated. However, two independent
            researchers at the University of London and the University of Sussex111 have tried to assess the sources and data used by WWF, the World Conservation Monitoring Centre
            and others in making such gloomy estimates of vast forest reductions. Considering
            the enormous amount of data, they have focused on the assessments of forest loss in
            West Africa, a place where WWF/WCMC estimates a forest loss of 87 percent or some
            48.6 million hectares.112 However, when looking at the documentation, it turns out to be based mainly on problematic
            bio-climatic forest zones, essentially comparing today’s forests with where there
            may have been forests earlier. In general, the researchers find that “the statistics
            for forest loss in general circulation today massively exaggerate deforestation during
            the twentieth century.”113 The result is that for West Africa the actual deforestation is about 9.5–10.5 million
            hectares, or about five times less than what is estimated by WWF/WCMC.114

         
         Finally, WWF uses among other measures these forest estimates to make a so-called
            Living Planet Index, supposedly showing a decline over the past 25 years of 30 percent
            – “implying that the world has lost 30 per cent of its natural wealth in the space
            of one generation.”115 This index uses three measures: the extent of natural forests (without plantations),
            and two indices of changes in populations of selected marine and freshwater vertebrate
            species. The index is very problematic. First, excluding plantations of course ensures
            that the forest cover index will fall (since plantations are increasing), but it is
            unclear whether plantations are bad for nature overall. Plantations produce much of
            our forest goods, reducing pressure on other forests – in Argentina, 60 percent of
            all wood is produced in plantations which constitute just 2.2 percent of the total
            forest area, thus relieving the other 97.8 percent of the forests.116 While WWF states that plantations “make up large tracts of current forest area,”117 they in fact constitute only 3 percent of the world’s total forest area.118

         
         Second, when using 102 selected marine and 70 selected freshwater species there is
            naturally no way of ensuring that these species are representative of the innumerable
            other species. Actually, since research is often conducted on species that are known
            to be in trouble (an issue we will return to in the next chapter, but basically because
            troubled species are the ones on which we need information in order to act), it is
            likely that such estimates will be grossly biased towards decline.
         

         
         Third, in order to assess the state of the world, we need to look at many more and
            better measures. This is most clear when WWF actually quotes a new study that shows
            the total worth of the ecosystem to be $33 trillion annually (this problematic study
            estimating the ecosystem to be worth more than the global production at $31 trillion
            we will discuss in Part V).119 According to WWF, it implies that when the Living Planet Index has dropped 30 percent,
            that means that we now get 30 percent less from the ecosystem each year – that we
            now lose some $11 trillion each year.120 Such a claim is almost nonsensical.121 Forest output has not decreased but actually increased some 40 percent since 1970.122 And the overwhelming value of the ocean and coastal areas are in nutrient recycling,
            which the Living Planet Index does not measure at all. Also, marine food production has increased almost 60 percent since 1970 (see Figure 57, p. 107). Thus, by their own measures, we have not experienced a fall in ecosystem
            services but actually an increase.
         

         
         Reality: Greenpeace

         
         In the Danish press I pointed out that we had long been hearing figures for the extinction
            of the world’s species which were far too high – that we would lose about half of
            all species within a generation. The correct figure is closer to 0.7 percent in 50
            years. This led to the Danish chairman of Greenpeace, Niels Bredsdorff, pointing out
            that Greenpeace had long accepted the figure of 0.7 percent.123 However, Greenpeace’s official biodiversity report stated that “it is expected that half the Earth’s species are likely to disappear
            within the next seventy-five years.”124 The chairman has never officially commented on this report, but he did manage to
            persuade Greenpeace International to pull the report off the internet, because it
            did not contain one single scientific reference.
         

         
         Norwegian television also confronted Greenpeace in Norway with this report and rather
            forced them into a corner. Four days later they decided to hold a press conference
            in which they raised all the general points which I had mentioned and reevaluated
            their effort. The Norwegian daily Verdens Gang reported:
         

         
         We have had problems adapting the environment movement to the new reality, says Kalle
            Hestvedt of Greenpeace. He believes the onesided pessimism about the situation weakens
            the environment organizations’ credibility. When most people do not feel that the
            world is about to fall off its hinges at any moment, they have problems taking the
            environmental organizations seriously, Hestvedt maintains.125

         
         By way of summary Greenpeace says in brief: “The truth is that many environmental
            issues we fought for ten years back are as good as solved. Even so, the strategy continues
            to focus on the assumption that ‘everything is going to hell’.”126

         
         Reality: wrong bad statistics and economics

         
         There is an amazing amount of incorrect statements in many other sources. Let us just
            try to summarize a few, and also display the often lax attitude to economic arguments.
         

         
         One of the new anxieties, about synthetic chemicals mimicking human and animal hormones,
            has received a great boost with the publication of the popular scientific book Our Stolen Future.127 We will look at the arguments in Part V, but here we can state that the book hinges a large part of its argument on a purported
            connection between synthetic hormones and breast cancer. It states, that “by far the
            most alarming health trend for women is the rising rate of breast cancer, the most
            common female cancer.”128 The link? “Since 1940, when the chemical age was dawning, breast cancer deaths have
            risen steadily by one percent per year in the United States, and similar increases
            have been reported in other industrial countries. Such incidence rates are adjusted
            for age, so they reflect genuine trends rather than demographic changes such as a
            growing elderly population.”129 A 1 percent increase since 1940 would mean a 75 percent increase in breast cancer
            deaths by publication in 1996.130 However, this claim is plain wrong, as you can also see in Figure 119, p. 220. At the time of writing Our Stolen Future, the age-adjusted death rate had dropped some 9 percent since 1940; the latest figures for 1998 indicate a drop of 18 percent.131

         
         The Global Environmental Outlook Report 2000 also tells us of the Earth’s many water problems.132 These we shall look at in Part IV, but when GEO 2000 actually mentions numbers, it gets carried away. “Worldwide, polluted water is estimated
            to affect the health of about 1200 million people and to contribute to the death of
            about 15 million children under five every year.”133 However, the total number of deaths among children under 5 is estimated by WHO to be about 10 million.134 Equally, the report claims that “the growth of municipal and industrial demands for
            water has led to conflicts over the distribution of water rights. Water resources
            are now a major constraint to growth and increased economic activities envisioned
            by planners, especially in the west and southwestern arid lands of the United States.”135 But its only reference does not even mention water constraints influencing economic
            growth in the US.136

         
         Virtually every year, Worldwatch Institute makes much of the fact that the use of
            renewable energy sources grows much faster than use of conventional fuels – in the
            1990s at 22 percent compared to oil at less than 2 per-cent.137 But comparing such growth rates is misleading, because with wind making up just 0.05
            percent of all energy, double-digit growth rates are not all that hard to come by.
            In 1998, the amount of energy in the 2 percent oil increase was still 323 times bigger
            than the 22 percent increase in wind energy.138 Even in the unlikely event that the amazing wind power growth rate could continue,
            it would take 46 consecutive years of 22 percent growth for wind to outgrow oil.139

         
         Likewise, the environmental movement would love renewable energy to be cheaper than
            fossil fuels. But using economic arguments, there often seems to be an astounding
            lack of rigor. Many argue simply on faith that if the costs on environment and humans
            from coal pollution and waste products were taken into account, renewable energy would
            indeed be cheaper.140 However, three of the largest projects – one European and two American – have attempted
            to examine all costs associated with electricity production, all the way from the mortal risks of
            mining coal, the traffic hazards of transportation and occupational hazards of production
            including consequences of acid rain, soot, sulfur dioxide, nitrogen oxides and ozone
            on lakes, crops, buildings, children and old people and up to the consequences of
            tax codes and occupation plus a long, long list of similar considerations and costs.141 And they still find the extra costs to be less than the gap between renewables and
            fossil fuels (see also the discussion in Part III).142 However, there is no doubt that renewables will be cheaper in the near-to-medium
            future, and this will probably be a big part of the reason why we need to worry less
            about global warming in the long run (see Part V).
         

         
         An equivalent laxness in economic arguments is obvious when Worldwatch Institute tells
            us that “wind power is now economically competitive with fossil fuel generated electricity.”143 However, they also tell us that in the future it is necessary that “sufficiency replaces
            profligacy as the ethic of the next energy paradigm.”144 But according to Worldwatch Institute this will be okay, since it is not a major
            cut-back: “Modest changes, such as owning smaller cars and homes, or driving less
            and cycling more, would still leave us with lifestyles that are luxurious by historical
            standards.”145 Thus, while it may be true that if we merely accept less convenience we will still
            be better off than by “historical standards,” it nevertheless means that we will be
            less well off. Possibly, it will be a more sustainable society with a better environment,
            but at least the choice should be stated clearly as a trade-off.
         

         
         Likewise, Worldwatch Institute wants to downplay the costs of avoiding global warming
            by reducing CO2 emissions. Quoting Thomas Casten, a CEO from a smaller renewable energy firm, they
            point out that “the small, extraordinarily efficient power plants his company provides
            can triple the energy efficiency of some older, less efficient plants. The issue,
            he says, is not how much it will cost to reduce carbon emissions, but who is going
            to harvest the enormous profits in doing so.”146 However, Worldwatch Institute also envisions how in the twenty-first century “the
            climate battle may assume the kind of strategic importance that wars – both hot and
            cold – have had during” the twentieth Century.147 Backed up by a number of leading scientists writing in Nature, Worldwatch Institute actually asserts that to develop the necessary technologies
            to combat climate change will require a monumental research effort, conducted with
            the urgency of the Manhattan Project.148 It is perhaps as well to note that both the cold war and the Manhattan Project were
            rather expensive projects.
         

         
         Reality: water problems

         
         A lot of worries go into the question of water – do we have enough, will scarcity
            cause water wars, etc. In recent years water scarcity has become one of Worldwatch
            Institute’s favorite examples of future problems. While we will discuss these water questions more thoroughly
            in chapter 13, we will here look at two of the most common claims.
         

         
         One of the most widely used college books on the environment, Living in the Environment, claims that “according to a 1995 World Bank study, 30 countries containing 40 percent
            of the world’s population (2.3 billion people) now experience chronic water shortages
            that threaten their agriculture and industry and the health of their people.”149 This World Bank study is referred to in many different environment texts with slightly
            differing figures.150 Unfortunately, none mentions a source.
         

         
         With a good deal of help from the World Bank, I succeeded in locating the famous document.
            It turns out that the myth had its origin in a hastily drawn up press release. The
            headline on the press release was: “The world is facing a water crisis: 40 percent
            of the world’s population suffers from chronic water shortage.”151 If you read on, however, it suddenly becomes clear that the vast majority of the
            40 percent are not people who use too much water but those who have no access to water
            or sanitation facilities – the exact opposite point. If one also reads the memo to
            which the press release relates, it shows that the global water crisis which Lester
            Brown and others are worried about affects not 40 percent but about 4 percent of the
            world’s population.152 And, yes, it wasn’t 30, but 80 countries the World Bank was referring to.
         

         
         However, it is true that the most important human problem with water today is not
            that we use too much but that too many have no access. It is estimated that if we
            could secure clean drinking water and sanitation for everyone, this would avoid several
            million deaths every year and prevent half a billion people becoming seriously ill
            each year.153 The one-off cost would be less than $200 billion or less than four times the annual
            global development aid.154

         
         Thus, the most important water question is whether access to water and sanitation
            has been improving or declining. Peter Gleick, one of the foremost water experts,
            has edited a substantial, engaged book about water, Water in Crisis, an erudite Oxford publication of almost 500 large pages. However, when estimating
            water and sanitation access, Gleick seems to stumble on the Litany, as illustrated
            in Figure 4.
         

         
         [image: ]

         
         Figure 4 Two attempts at showing the development of access to clean water and sanitation.
            Left, number of people unserved 1980–2000. OBS: Numbers for 1990–2000 are incorrect.
            Right, number of people unserved 1980–90, 1990–4, 1990–2000 in broken lines. OBS:
            Solid lines for 1980–94 are incorrect. Source: Gleick 1993:10, 187–9. 1998:262, 264,
            1999, Annan 2000:5.
         

         
         
         From 1980 to 1990, Gleick makes the same general point as this book, i.e. that things
            have become better: fewer people in the world are denied access to water, and because
            750 million more souls came into the developing countries in the same period, 1.3
            billion more people have actually gained access to water. The proportion of people
            in developing countries with access to water has thus increased from 44 percent to
            69 percent, or by more than 25 percentage points. As far as sanitation is concerned,
            more or less the same number of people are denied access (about 6 million more), but
            once again, because of the growth in the population, almost three-quarters of a billion
            more people have access to sanitation – making the proportion increase from 46 percent
            to 56 percent.155 However, the period from 1990 to 2000 in the left side of Figure 4 indicates that things will now get worse. Far more people will end up without water
            or sewage facilities. In fact the proportion will again fall by 10–12 percentage points.
            But if you check the figures it turns out that all Gleick has done is to expect that
            882 million more people will be born in the nineties. Since none of these from the
            outset will have access to water or sewage facilities their number has simply been
            added to the total number of unserved.156

         
         Of course, this is an entirely unreasonable assumption. In essence, Gleick is saying
            that in the decade from 1980 to 1990, 1.3 billion people had water supplies installed,
            so we should assume that for the period 1990 to 2000 the figure will be zero? However, the graph has been reproduced in many places, and has for instance been
            distributed in a seminal article on the shortage of water.157

         
         In 1996, the UN published its official estimates for access to water and sanitation
            in the period 1990 to 1994.159 What constitutes water and sanitation access is naturally a question of definition.
            (How close to the dwelling need a water pump be? Is a hole in the ground sanitation?)
            In 1996, the UN used its most restrictive definition of access on both 1990 and 1994.160 This caused the UN estimate for the 1990 number of unserved to increase substantially.161 Thus, in the right-hand side of Figure 4 we can see how the number of people without access to water in 1990 was no longer
            1.2 billion but 1.6 billion, now declining to 1.1 billion in 1994. Equally, the number
            of people without sanitation was not 1.7 billion but 2.6 billion, increasing to 2.9
            billion in 1994. Gleick gives us both sets of numbers in his academic book,162 but when presenting the evidence in a popular magazine only the original 1980 and
            the revised 1994 figures are presented.163 This, of course, compares two entirely non-comparable figures. It suggests that the
            decline in the number of water-unserved has been much smaller than it really is, and
            suggests that the increase in sanitation-unserved has been much higher than it really
            is.
         

         
         In April 2000, the UN’s latest estimate for 1990–2000 was published, indicating that
            unserved of both water and sanitation had indeed declined over the decade.164 Since the decade added some 750 million people to the developing world, this means
            that more than three-quarters of a billion more people got access to clean drinking
            water and sanitation. Thus, the share of people with access increased substantially.
            In Figure 5 you can see how the share of people in the developing countries with access to drinking
            water has increased from 30 percent in 1970 to 80 percent in 2000. Equally, the share
            of people with access to sanitation has increased from 23 percent in 1970 to 53 percent
            in 2000.
         

         
         Although there is still much left to do, especially in sanitation, the most important
            water problem is indeed improving.
         

         [image: ]

         
         Figure 5 Percentage of people in the Third World with access to drinking water and sanitation,
            1970–2000. Light, broken lines indicate individual, comparable estimates, solid lines
            is a logistic best fit line – a reasonable attempt to map out the best guess of development
            among very different definitions.158 Source: World Bank 1994:26 (1975–90), WHO 1986:15–18 (1970–83), Gleick 1998:262,
            264 (1980–90, 1990–4), Annan 2000:5 (1990–2000).
         

         
         Reality: Pimentel and global health I

         
         Most basic environmental research is sound and unbiased, producing numbers and trends
            as inputs to evaluations such as Worldwatch Institute’s State of the World or indeed this book. However, there is a significant segment of papers even in peer-reviewed journals
            trying to make assessments of broader areas, where the belief in the Litany sometimes
            takes over and causes alarmist and even amazingly shoddy work. Most of these poor
            statements are documented throughout this book, but nevertheless it might be instructional
            to take a look at the anatomy of such arguments. As I do not want just to show you
            a single example or pick out a lone error, but to show you the breadth and depth of
            the shoddiness, we will actually have to touch a number of bases that we will return
            to during the book.
         

         
         
         Professor David Pimentel of Cornell University is a frequently cited and well-known
            environmentalist, responsible – among many other arguments – for a global erosion
            estimate far larger than any other (we will discuss this in Part III) and for arguing that the ideal population of a sustainable US would be 40–100 million
            (i.e. a reduction of 63–85 percent of the present population).165

         
         In October 1998, Professor Pimentel published as lead author an article on the “Ecology
            of increasing disease” in the peer-reviewed journal BioScience.166 The basic premise of the paper is that increasing population will lead to increasing
            environmental degradation, intensified pollution and consequently more human disease.
            Along the way, many other negative events or tendencies are mentioned, even if many
            have very little bearing on the subject.
         

         
         The Pimentel article repeatedly makes the mistakes we have talked about above, but
            most importantly it is wrong and seriously misleading on all of its central conclusions.
            However, this has not hindered the article in being cited and frequently used in pointing
            out the decline of the world.167

         
         When looking at trends, Pimentel happily uses very short-term descriptions. He looks
            at the biggest infectious disease killer, tuberculosis, claiming it has gone from
            killing 2.5 million in 1990 to 3 million in 1995, and citing an expected 3.5 million dead in 2000.168 However, in 1999, the actual death toll from tuberculosis was 1.669 million, and
            the WHO source that Pimentel most often uses estimates an almost stable 2 million
            dead over the 1990s.169

         
         Although predictions can excusably prove wrong, Pimentel’s comparison with tuberculosis
            in the US is seriously problematic: “Patterns of TB infection in the United States
            are similar to the world situation, in which TB cases increased by approximately 18
            percent from 1985 to 1991.”170 While technically true, it is obvious from Figure 6 that this quote is misleading. Pimentel has taken the lowest number of tuberculosis
            cases (22,201 cases in 1985) and compared it with the almost top in 1991 (26,283 cases).
            But using almost any other years would more correctly have indicated a decline. Even
            in 1996, two years before Pimentel’s article, the total number was below 1985. The
            latest figures from 1999 show 17,531 cases.
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         Figure 6 Number and rate of tuberculosis cases in the US, 1945–99. The two years, 1985 and
            1991, picked by Pimentel, are indicated. Source: CDC 1995:69–79, CDC 1999g:79, 2000a:858,
            USBC 2000c.
         

         
         Moreover, comparing absolute numbers is problematic; when the population in the US
            increased 6 percent from 1985 to 1991,171 we should expect tuberculosis cases to increase equivalently. If we look at the rate
            per 100,000, the increase from 1985 to 1991 almost disappears (slightly less than
            12 percent) and the rate has since dropped some 31 percent since 1985, some 38 percent
            since 1991. Similarly, the tuberculosis death rate has declined more than 40 percent
            since 1985.172 The only reason Pimentel can find an increase in tuberculosis cases is because he
            picks the exact years to show a counter-trend.
         

         
         Equally, pointing out the danger of chemicals and pesticides, Pimentel tries to make
            a connection by pointing out that “in the United States, cancer-related deaths from
            all causes increased from 331,000 in 1970 to approximately 521,000 in 1992.”173 However, this again ignores an increasing population (24 percent) and an aging population
            (making cancers more likely). The age-adjusted cancer death rate in the US was actually
            lower in 1996 than in 1970, despite increasing cancer deaths from past smoking, and adjusted
            for smoking the rate has been declining steadily since 1970 by about 17 percent. You
            can see the data in Part V (Figure 117, p. 217) where we will discuss such arguments in more detail.
         

         
         Pimentel picks and chooses a lot of numbers to show that things are getting worse,
            as when he accepts that malaria incidence outside Africa has declined till 1980 and
            remained stable since then – and then nevertheless only lists countries where malaria
            cases have been increasing.174 However, as incidence has been approximately stable, this curiously neglects the
            countries with dramatic decreases in malaria, such as the world’s largest country,
            China, where incidence has decreased 90–99 percent since the early 1980s.175

         
         Sometimes the numbers are also just plain wrong, as when Pimentel claims that “in
            Thailand the prevalence of HIV infections in males increased from 1 percent to 40
            percent between 1988 and 1992.”176 Not even the so-called commercial sex workers have ever had 40 percent prevalence
            since measuring started in 1989.177 Even male STD patients measured since 1989, habitually with the highest rates, have
            “only” reached 8–9 percent.178 UNAIDS estimates the adult population prevalence at 2.15 percent, with young males
            a bit lower.179

         
         Also, Pimentel claims that “although the use of lead in US gasoline has declined since
            1985, yearly emissions of lead into the atmosphere from other sources remain near
            2 billion kg.”180 However, the total emissions from the US have declined by 83 percent since 1985 and
            now constitute 3,600 tons, or more than 500 times less than claimed.181 It turns out that the reference (from 1985, no less) is referring to the entire world
            emission at that time.182

         
         Reality: Pimentel and global health II

         
         We have looked at a lot of low-quality, individual claims. But the reason we take
            time to go through them is to point out how they are used to buttress the central
            arguments.
         

         
         The reason Pimentel gives us all these – sometimes incorrect – claims is to show us
            that the prevalence of human disease is increasing.183 The cause is more humans, causing an “unprecedented increase in air, water and soil
            pollutants, including organic and chemical wastes” as well as malnutrition.184 And Pimentel finds that now more than 3 billion people are malnourished, “the largest
            number and the highest rate in history.”185 And he finds that 40 percent of all deaths are caused by “various environmental factors,
            especially organic and chemical pollutants.”186 The consequence of more malnutrition and more pollution then is more disease and
            more infectious disease.187 Surprisingly, all these central points in Pimentel’s paper are wrong and/or seriously misleading.
         

         
         Let us look at the intermediate findings first. Pimentel maintains that malnutrition
            has become ever worse: “In 1950, 500 million people (20 percent of the world population)
            were considered malnourished. Today more than 3 billion people (one-half of the world
            population) suffer from malnutrition, the largest number and the highest rate in history.”188 This is the entire argument, and Pimentel has repeated it as late as in 2000, adding
            that the number of malnourished “increases every year.”189 The source for the 1950 figure is The World Food Problem by David Grigg (1993), whereas the 1996 figure comes from a press release of the
            WHO.
         

         
         However, these two sources are using dramatically different definitions of lacking
            food. Grigg uses the most common definition, calories. If a person gets less than
            20 percent above physical minimum, she is counted as undernourished or starving. The
            development is shown in Figure 7 from 1949 to 1979. The number of undernourished first goes up from 550 million to
            650 million, and then declines to 534 million. Because the developing world increased
            by more than 1.6 billion people from 1949 to 1979, this implies that many more people in the Third World were well
            nourished, or that the percentage of starving people dropped from 34 percent to 17
            percent.
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         Figure 7 People undernourished, 1949–2030, in numbers (million) and percentage (of developing
            world). Prediction for 1998–2030. Estimates for 1949–79 count as undernourished individuals
            with less than 20 percent above physical minimum (1.2BMR), whereas estimates for 1970–2030
            use a somewhat more inclusive definition of 55 percent above physical minimum (1.55BMR).
            Source: Grigg 1993:50, WFS 1996:1:Table 3, FAO 1999:29, 2000c:27, 2000d:20.
         

         
         Since 1970, the UN FAO has produced a similar statistic, only using a more inclusive
            definition of 55 percent above physical minimum, making the numbers higher. Thus,
            the number of undernourished has declined from 917 million in 1970 to 792 million
            in 1997, and is expected to hit 680 million in 2010 and 401 million in 2030. Again
            because the developing world has increased by some 1.9 billion people since 1970,
            this means that the percentage of starving people has dropped even faster, from 35
            percent to 18 percent in 1996, and further down to 12 percent in 2010 and 6 percent
            in 2030. Thus, if we want to compare the entire interval, we can imagine pushing the
            left-hand side of Figure 7 up to align with the right-hand side. This shows that the number of starving people
            has declined, and the percentage of starving people has dropped dramatically.
         

         
         Grigg also looks at two other ways of measuring malnutrition, finding that “between
            1950 and 1980 available food supply per [person] rose in the world as a whole, in
            the developed world, in the developing world, and in all the major regions.”190

         
         The press release from WHO talks about micronutrient malnutrition. This is primarily
            lack of iodine, iron and vitamin A.191 While the two are about equally important measured in human death,192 they are two entirely different measures. Solving the micronutrient problems is generally
            much cheaper than producing more calories, because all it takes is basically information
            and supplements either in the food or in a vitamin pill.193 Since there has only been attention to the micronutrient question within the past
            decade, we mainly have information for this past decade.194 Here there has been a 40 percent decline in the prevalence of vitamin A deficiency,
            and likewise more than 60 percent of all salt is now fortified with iodine.195

         
         Thus, it is simply wrong when Pimentel compares the 500 million undernourished with
            3 billion lacking micronutrients. Moreover, it is wrong to say that there are more
            and more malnourished. Actually, both indicators show great improvement since records
            began.
         

         
         Equally, Pimentel’s article contends from the outset that “we have calculated that
            an estimated 40 percent of world deaths can be attributed to various environmental
            factors, especially organic and chemical pollutants.”196 This has become the most cited point of the paper, because it so clearly seems to
            support that pollution is killing us.197 Actually, in one citation from the Centers for Disease Control newsletter, the article
            is summed up in a single bullet-point: The increasing pollution “points to one inescapable
            conclusion: life on Earth is killing us.”198

         
         Using an estimate of 50 million deaths a year (the article does not even make an estimate),
            40 percent means that Pimentel expects 20 million deaths from pollution.199 But strangely, the 40 percent calculation is never made explicit. It is all the stranger
            because WHO estimates that the total deaths from outdoor air pollution, which constitutes
            by far the most dangerous public pollution, is a little more than half a million per
            annum.200 However, on the next page, Pimentel almost repeats his point: “Based on the increase
            in air, water, and soil pollutants worldwide, we estimate that 40 percent of human
            deaths each year result from exposure to environmental pollutants and malnutrition.”201 Surprisingly, the 40 percent is now caused not only by pollutants but also by malnutrition.
            Finally, in the conclusion, all the factors are included: “Currently, 40 percent of
            deaths result from diverse environmental factors, including chemical pollutants, tobacco,
            and malnutrition.”202 In an interview, Pimentel makes it clear that tobacco is really “smoke from various
            sources such as tobacco and wood fuels.”203

         
         According to Pimentel’s own references, malnutrition costs 6–14 million lives, fuel-wood cooking smoke in the Third World
            costs 4 million lives, and smoking costs 3 million lives.204 Since the estimate for malnutrition is more likely to be close to the high end of
            14 million lives,205 this means that those three issues alone account for the entire 40 percent. Thus,
            while the presentation of the data is so nebulous that it is hard to claim that they
            are absolutely false, it is clear that the much quoted 40 percent deaths caused by
            pollution is at least seriously misleading.
         

         
         Finally, we get to Pimentel’s central claim that infections have increased and will
            continue to increase. Both of these are false. The reason Pimentel tells us all these
            (sometimes incorrect) stories and gives examples of many and new diseases is to make
            us feel that disease frequency must be increasing. After all, with so many names of
            diseases, it must be true, no? It is an argument that several other debaters have
            used.206 We must, however, wonder how life expectancy can be going up and up if we keep getting
            more and more sick? (We will look into the discussion of life expectancy and illness
            in Part II.) And would it not be easier to look at the actual, total disease rates?
         

         
         Pimentel claims that

         
         the growth in diseases is expected to continue, and according to Murray and Lopez
            (1996), disease prevalence is projected to increase 77 percent during the period from
            1990 to 2020. Infectious diseases, which cause 37 percent of all deaths throughout
            the world, are also expected to rise. Deaths in the United States from infectious
            diseases increased 58 percent between 1980 and 1992, and this trend is projected to
            continue.207

         
         It is not true, that diseases will increase. Actually, deaths will decrease from 862
            per 100,000 in 1990 to 764 per 100,000 in 2020, according to Murray and Lopez.208 And if we more correctly adjust for an aging population, the disease prevalence will
            decline even more steeply from 862 to 599 per 100,000.209 When Pimentel can tell us that disease should increase 77 percent it is because he
            has misread the book (neglecting infectious disease and only counting non-infectious
            diseases, which will increase because we get ever older, dying of old-age diseases)
            and counting diseases in absolute numbers (which of course will increase, since the
            world population will grow by about 2.5 billion).210

         
         
         The claim about increasing infectious disease is downright wrong, as can be seen in
            Figure 8. Infectious diseases have been decreasing since 1970 and probably much longer, though
            we only have evidence from some countries (in Figure 20, p. 56, you can see US infectious disease prevalence over the twentieth century).211 Likewise infectious disease is expected to decrease in the future, at least until
            2020. Even in absolute numbers, infectious deaths are expected to drop from 9.3 million
            to 6.5 million.212
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         Figure 8 Infectious disease death rates, 1970–2020. Source: Bulatao 1993:50, Murray and Lopez
            1996:465, 648, 720, 792.
         

         
         And the final claim for the US is also wrong. It only works because Pimentel chooses
            1980 as the absolute bottom, and because most of the increase is due to rising age
            and increasing pneumonia. If we correct this for aging, the death risk was similar
            in 1980 and 1997.213

         
         Pimentel concludes, “to prevent diseases, poverty, and malnutrition from worsening” we need population control and “effective
            environmental management programs.” Otherwise, “disease prevalence will continue its
            rapid rise throughout the world and will diminish the quality of life for all humans.”214

         
         Of course, Pimentel has not even discussed whether poverty would be increasing. In
            Figure 33 (p. 72) you will see that poverty incidence has actually been decreasing. Likewise,
            we have seen that both diseases, especially infectious diseases, and malnutrition
            have – contrary to Pimentel’s claims – been decreasing.
         

         
         Thus, while some effective environmental programs may constitute good policy decisions,
            they should certainly not be based on such recitations of a Litany of incorrect information.
         

         
         Reality versus rhetoric and poor predictions

         
         When we present an argument, there is never enough space or time to state all assumptions,
            include all data and make all deductions. Thus, to a certain extent all argument relies
            on metaphors and rhetorical shortcuts. However, we must always be very careful not
            to let rhetoric cloud reality.
         

         
         One of the main rhetorical figures of the environmental movement is to pass off a
            temporary truism as an important indicator of decline. Try to see what your immediate
            experience is of the following quote from the Worldwatch Institute: “As a fixed area
            of arable land is divided among ever more people, it eventually shrinks to the point
            where people can no longer feed them-selves.”215 This statements sounds like a correct prediction of problems to come. And yes, it
            is evidently true – there is a level (certainly a square inch or a speck of soil)
            below which we could not survive. However, the important piece of information is entirely
            lacking because we are not told what this level is, how close we are to it, and when
            we expect to cross it.216 Most people would probably be surprised to know that, with artificial light, each
            person can survive on a plot of 36 m2 (a 6 m square), and that companies produce commercially viable hydroponic food with
            even less space.217 Moreover, FAO finds in its newest analysis for food production to 2030 that “land
            for food production is seen to have become less scarce, not scarcer.”218 Thus, the argument as stated is merely a rhetorical trick to make us think, “oh yes,
            things must be getting worse.”
         

         
         This rhetorical figure has been used a lot by Worldwatch Institute. Talking about
            increasing grain yields (which we will discuss in Part III), Lester Brown tells us that “there will eventually come a point in each country,
            with each grain, when the farmers will not be able to sustain the rise in yields.”219 Again, this is obviously true, but the question is how far away is the limit? This question remains unanswered, while Brown goes on to conclude the somewhat unimaginative
            rerun of the metaphor: “Eventually the rise in grain yields will level off everywhere,
            but exactly when this will occur in each country is difficult to anticipate.”220 Likewise, Lester Brown tells us that “if environmental degradation proceeds far enough,
            it will translate into economic instability in the form of rising food prices, which
            in turn will lead to political instability.”221 Again, the sequence is probably correct, but it hinges on the untold if – is environmental degradation taking place and has it actually proceeded that far?
            That information is never demonstrated.
         

         
         Greenpeace, in its assessment of the Gulf War, used the same rhetorical figure: “Any
            environment consists of many complex dynamic interactions, but the system will gradually,
            sometimes almost imperceptibly, break down once a threshold of damage has been passed.
            Whether this has happened in the Gulf only time will tell.”222 Certainly it sounds ominous, but the important information of whether that threshold
            has been crossed, or is close to being crossed, is left out. In Part IV, you will see that the ecosystem of the Gulf, despite the largest oil spill in history, is almost fully restored.
         

         
         Other rhetorical figures are often employed. In one of the background documents for
            the UN assessment on water, the authors see two “particularly discomforting” alternatives
            for the arid, poor countries: “Either by suffering when the needs for water and water-dependent
            food cannot be met, manifested as famines, diseases and catastrophes. Or, in the opposite
            case, by adapting the demand to the available resources by importing food in exchange
            for other, less water-dependent products.”223 Now that sounds like a choice between the plague and cholera, until you think about
            it – they are essentially asking whether an arid country should choose starvation
            or partake in the global economy.
         

         
         Worldwatch Institute wants us to change to renewable energy sources, as we have already
            described. Some of these arguments are entirely powered by rhetoric, as when they
            tell us: “From a millennial perspective, today’s hydrocarbon-based civilization is
            but a brief interlude in human history.”224 This is obviously true. A thousand years ago we did not use oil, and a thousand years
            from now we will probably be using solar, fusion or other technologies we have not
            yet thought of. The problem is that this does not really narrow down the time when
            we have to change energy supply – now, in 50 years or in 200 years? When seen from
            a millennial perspective, many things become brief interludes, such as the Hundred
            Years War, the Renaissance, the twentieth century and indeed our own lives.
         

         
         Likewise, when we argue about the consequences of ecosystem changes it is easy to
            think of and mention only all the negative consequences. This is perhaps most evident
            when we discuss global warming and global climate change. Take for instance this description
            of climate change from Newsweek:
         

         
         There are ominous signs that the Earth’s weather patterns have begun to change dramatically
            and that these changes may portend a drastic decline in food production – with serious
            political implications for just about every nation on Earth. The drop in food output
            could begin quite soon, perhaps only 10 years from now.
   The evidence in support of these predictions has now begun to accumulate so massively
            that meteorologists are hard-pressed to keep up with it. In England, farmers have
            seen their growing season decline by about two weeks since 1950, with a resultant
            overall loss in grain production estimated at up to 100,000 tons annually. During
            the same time, the average temperature around the equator has risen by a fraction
            of a degree – a fraction that in some areas can mean drought and desolation. Last
            April, in the most devastating outbreak of tornadoes ever recorded, 148 twisters killed
            more than 300 people and caused half a billion dollars’ worth of damage in 13 U.S.
            states.
   To scientists, these seemingly disparate incidents represent the advance signs
            of fundamental changes in the world’s weather. Meteorologists disagree about the cause
            and extent of the trend, as well as over its specific impact on local weather conditions.
            But they are almost unanimous in the view that the trend will reduce agricultural
            productivity.225

         
         While this sounds surprisingly familiar with the greenhouse worries we hear today,
            it is actually a story from 1975 entitled “The Cooling World” – from a time when we
            all worried about global cooling. Of course, today there are better arguments and more credible models underpinning
            our worry about global warming (which we will discuss in Part V), and since our societies are adjusted to the present temperature, either cooling
            or warming will entail large costs.
         

         
         But notice how the description conspicuously leaves out any positive consequences
            of cooling. Today, we worry that global warming will increase the outreach of malaria
            – consequently, a world believing in cooling should have appreciated the reduction
            of infected areas. Equally, if we worried about a shortening of growing seasons with
            a cooling world, we should be glad that global warming will lengthen the growing season.226 Obviously,more heat in the US or the UK will cause more heat deaths, but it is seldom pointed
            out that this will be greatly outweighed by fewer cold deaths, which in the US are
            about twice as frequent.227 Notice, this argument does not challenge that total costs, certainly worldwide, will
            outweigh total benefits from global warming, but if we are to make an informed decision
            we need to include both costs and benefits. If we rhetorically focus only on the costs, it will lead to inefficient
            and biased decisions.
         

         
         Another recurrent environmental metaphor is the likening of our current situation
            with that of Easter Island. A small island situated in the Pacific Ocean more than
            3,200 km west of Chile, Easter Island is most well know for its more than 800 gigantic
            heads cut in volcanic stone, set all over the island.228 Archaeological evidence indicates that a thriving culture, while producing the stunning
            statues, also began reducing the forests around 900 CE, using the trees for rolling
            the statues, as firewood and as building materials. In 1400 the palm forest was entirely
            gone; food production declined, statue production ceased in 1500, and apparently warfare
            and hunger reduced the population by 80 percent before an impoverished society was
            discovered in 1722 by Dutch ships.
         

         
         Since then, Easter Island has been an irresistible image for the environmentalists,
            showcasing a society surpassing its limits and crashing devastatingly. A popular book
            on the environment uses Easter Island as its repeated starting point, even on the
            front cover.229 Worldwatch Institute tells us in its millennium edition:
         

         
         As an isolated territory that could not turn elsewhere for sustenance once its own
            resources ran out, Easter Island presents a particularly stark picture of what can
            happen when a human economy expands in the face of limited resources. With the final
            closing of the remaining frontiers and the creation of a fully interconnected global
            economy, the human race as a whole has reached the kind of turning point that the
            Easter Islanders reached in the sixteenth century.230

         
         Isaac Asimov merely tells us that “if we haven’t done as badly as the extinct Easter
            Islanders, it is mainly because we have had more trees to destroy in the first place.”231

         
         Again, the problem with this rhetorical figure is that it only indicates that crashing
            is indeed possible, but it makes no effort to explain why such crashing should be
            likely. It is worth realizing that of the 10,000 Pacific islands, only 12, including
            Easter Island, seem to have undergone declines or crashes, whereas most societies
            in the Pacific have indeed been prosperous.232 Moreover, a model of Easter Island seems to indicate that its unique trajectory was
            due to a dependence on a particularly slow-growing palm tree, the Chilean Wine palm,
            which takes 40 to 60 years to mature.233 This sets Easter Island apart from all the other Polynesian islands, where fast-growing
            coconut and Fiji fan palms make declines unlikely.
         

         
         Moreover, the models predicting an ecological collapse need increasing populations
            with increasing demands on resources to produce an overshoot. But in the modern world,
            such a scenario seems very unlikely, precisely because increased wealth has caused
            a fertility decline (we will discuss this so-called demographic transition in Part II).234 And finally, it is worth pointing out that today’s world is much less vulnerable,
            precisely because trade and transport effectively act to reduce local risks.
         

         
         The consequences of relying on rhetoric instead of sound analysis are many, primarily
            poor forecasts and consequent biased decisions. Perhaps the most famous set of predictions
            came from the 1972 global best-seller Limits to Growth, that claimed we would run out of most resources. Indeed, gold was predicted to run
            out in 1981, silver and mercury in 1985, and zinc in 1990,235 though as we shall see in Part III, most resources actually have become more abundant. Needless to say, gold, silver, mercury and zinc are still here too.
         

         
         Throughout this book, we will see a lot of poor predictions, often based on little
            more than rhetorically pleasing arguments. So, let us just end this section with two examples
            from one of America’s foremost environmentalists, Professor Paul Ehrlich, a prolific
            writer and discussant, whom we shall meet again later.
         

         
         In 1970, as the first Earth Day approached, Paul Ehrlich wrote an article in The Progressive as a fictitious report to the US President, looking back from the year 2000.236 The ostensible report underlines how environmental scientists in the 1960s and 1970s
            had “repeatedly pointed out” that overcrowding, hunger and environmental deterioration
            would lead to “environmental and public health disasters.”237 Unfortunately, people had not heeded the warnings, and Ehrlich tells us of a US that
            is almost unrecognizable, with a severely decimated population at 22.6 million (8
            percent of current population) with a diet of 2,400 daily calories per person (less
            than the current African average).238 As an almost ironic glimmer of hope, Ehrlich does not expect that the US is faced
            with any immediate limits-to-growth threat of running out of resources, because of
            the “small population size and continued availability of salvageable materials in
            Los Angeles and other cities which have not been reoccupied.”239

         
         This view was fleshed out in the book The End of Affluence from 1974, written by Ehrlich with his wife Anne.240 Here they worried about how global cooling would diminish agricultural output241 (which has since increased 53 percent; see Figure 51, p. 95) and forecast trouble with the fisheries, because the global catch had reached
            its maximum242 (since then the global catch has increased by 55 percent, as you can see in Figure 57, p. 107). They saw a society which was driven by deluded economists “entrapped in
            their own unnatural love for a growing gross national product.”243 The ultimate consequence was clear: “It seems certain that energy shortages will
            be with us for the rest of the century, and that before 1985 mankind will enter a
            genuine age of scarcity in which many things besides energy will be in short supply
            … Such diverse commodities as food, fresh water, copper, and paper will become increasingly
            difficult to obtain and thus much more expensive … Starvation among people will be
            accompanied by starvation of industries for the materials they require.”244

         
         Though rhetorically eloquent, time has not been kind to these predictions. Thus, when
            we evaluate the data on the state of the world, it is important not to be swayed merely
            by rhetoric or simplistic models, but to use and present the best indicators and the
            best models.
         

         
         Reality

         
         Matter-of-fact discussion of the environment can be very difficult because everybody
            has such strong feelings on the issue. But at the same time even as environmentalists
            it is absolutely vital for us to be able to prioritize our efforts in many different
            fields, e.g. health, education, infrastructure and defense, as well as the environment.
         

         
         In the course of the last few decades we have developed a clear impression that the
            Litany is an adequate and true description of the world. We know that the environment is not in good shape. This is also why it has been possible
            for people to make erroneous claims, such as those we have seen above, without needing
            to provide the evidence to authenticate them. For that reason we also tend to be extremely
            skeptical towards anyone who says that the environment is not in such a bad state.
            To me this indicates a natural and healthy reaction. This is also why I have gone
            to great lengths to document my claims.
         

         
         This means that this book has an unusually large number of notes. At the same time,
            however, I have endeavored to enable readers to enjoy the book without necessarily
            having to read the notes, so as to achieve reading fluency in the knowledge that you
            can always check my information if you feel that something sounds a little too hard
            to believe.
         

         
         
         The book also has more than 1,800 references. However, I have tried to source as much
            of the information from the Internet as possible. If people are to check what I write,
            it is unreasonable to expect them to have a research library at their disposal. Instead
            it is often sufficient to go on to the Internet and download the relevant text to
            see from where I have retrieved my data and how I interpret that information. Of course
            there will always be books and articles central to the relevant literature which are
            not available on the net. In addition, the Internet has made it possible for me to
            bring the book right up to date, with data accessed and updated up to May 2001.
         

         
         But for me the most important thing is that there is no doubt about the credibility
            of my sources. For this reason most of the statistics I use come from official sources,
            which are widely accepted by the majority of people involved in the environment debate.
            This includes our foremost global organization, the United Nations, and all its subsidiary
            organizations: the FAO (food), the WHO (health), the UNDP (development) and the UNEP
            (environment). Furthermore, I use figures published by international organizations
            such as the World Bank and the IMF, which primarily collate economic indicators.
         

         
         Two organizations work to collect many of the available statistics; the World Resources
            Institute, together with the UNEP, the UNDP and the World Bank, publishes every other
            year an overview of many of the world’s most important data. The Worldwatch Institute
            also prepares large amounts of statistical material every year. In many fields the
            American authorities gather information from all over the world, relating for example
            to the environment, energy, agriculture, resources and population. These include the
            EPA (environment), USDA (agriculture), USGS (geological survey) and the US Census
            Bureau. Finally, the OECD and EU often compile global and regional figures which will
            also be used here. As for national statistics, I attempt to use figures from the relevant
            countries’ ministries and other public authorities.
         

         
         Just because figures come from the UNEP does not of course mean that they are free
            from errors – these figures will often come from other publications which are less
            “official” in nature. It is therefore still possible to be critical of the sources
            of these data, but one does not need to worry to the same degree about the extent
            to which I simply present some selected results which are extremely debatable and
            which deviate from generally accepted knowledge. At the same time, focusing on official
            sources also means that I avoid one of the big problems of the Internet, i.e. that
            on this highly decentralized network you can find practically anything.
         

         
         So when you are reading this book and you find yourself thinking “That can’t be true,”
            it is important to remember that the statistical material I present is usually identical
            to that used by the WWF, Greenpeace and the Worldwatch Institute. People often ask
            where the figures used by “the others” are, but there are no other figures. The figures used in this book are the official figures everybody
            uses.
         

         
         When Lester Brown and I met in a TV debate on the State of the World one of the things
            we discussed was whether overall forest cover had increased or decreased since 1950.245 Brown’s first reaction was that we should get hold of the FAO’s Production Yearbook, which is the only work to have calculated the area of forest cover from 1949 up
            to 1994. This is the same book I had used as a reference and so we agreed on the standard.
            In reality we were merely discussing who could look up a number correctly.
         

         
         Lester Brown believed there was less forest whereas I thought there was more. I offered
            Lester Brown a bet, which he reluctantly declined. He would also have lost.
         

         
         In 1950, FAO estimated that the world had 40.24 million km2 of forest, while in 1994 it had 43.04 million km2 (as you can see in Figure 60, p. 111).246

         
         
         Reality and morality

         
         Finally we ought to touch on the moral aspects of the environment debate.

         
         In the same way as you can only be for peace and freedom and against hunger and destruction, it is impossible to be anything but for the environment. But this has given the environment debate a peculiar status. Over
            the past few decades there has been an increasing fusion of truth and good intentions
            in the environmental debate.247 Not only are we familiar with the Litany, and know it to be true. We also know that anyone who claims anything else must have disturbingly evil intentions.248

         
         It is therefore not surprising, albeit a little depressing, that several environmental
            pundits, and indeed the Danish Secretary of the Environment, have tried to claim that
            I am probably just a right-wing radical – or at least a messenger boy for the right.249 But of course such argument is blatantly irrelevant. My claim is that things are
            improving and this is necessarily a discussion which has to be based on facts.
         

         
         My motives for writing this book are neither evil nor covert. My understanding, in
            all simplicity, is that democracy functions better if everyone has access to the best
            possible information. It cannot be in the interest of our society for debate about
            such a vital issue as the environment to be based more on myth than on truth.
         

         
         Many people have pointed out at lectures that although I may be right in claiming
            that things are not as bad as we thought they were, such arguments should not be voiced
            in public as they might cause us to take things a bit too easy. Although one can argue
            such a position, it is important to understand how antidemocratic such an attitude
            really is: we (the few and initiated) know the truth, but because general knowledge
            of the truth will cause people to behave “incorrectly” we should refrain from broadcasting
            it. Moreover, such a course of argument will also be harmful to the environmental
            movement in the long run, since it will erode its most valuable asset, its credibility.
            I think that, in general, pretty strong arguments have to be presented for it to be
            permissible to withhold the truth for the sake of some elitist, general good.
         

         
         This does not mean that I am a demonic little free-market individualist. I believe
            that there are many circumstances in which environmental intervention is necessary
            if we are to prevent unnecessary pollution and avoid people shunning their responsibilities.
            However, we should only intervene if it is reasonable to do so, not simply because
            myth and worries lead us to believe that things are going downhill.
         

         
         Often we will hear that environmental worry is an important reason why the environment
            gets cleaned up – essentially that many of the graphs in this book go in the right
            direction exactly because people worried in earlier times. However, this is often
            misleading or even incorrect. Air pollution in London has declined since the late
            nineteenth century (see Figure 86, p. 165), but for the greater part of the twentieth century this has been due to
            a change in infrastructure and fuel use and only slightly, if at all, connected to
            environmental worries expressed in concrete policy changes. Moreover, even to the
            extent that worries have mattered in policy decisions, as they undoubtedly have during
            the past 30 years in, say, air pollution, this does not assure us that our resources
            could not have been put to better use.250 To the extent that worries have prodded us to spend more money on the environment
            than we would have done with merely the best available information, the argument for
            environmental worries is a replay of the democratic dilemma above. Although kindling
            public concern clearly makes people choose more “correctly” as seen from an environmental
            viewpoint, it leads to an “incorrect” prioritization as seen from a democratic viewpoint,
            as it skews the unbiased choice of the electorate.
         

         
         In general we need to confront our myth of the economy undercutting the environment.251 We have grown to believe that we are faced with an inescapable choice between higher economic welfare and a greener environment.252 But surprisingly and as will be documented throughout this book, environmental development
            often stems from economic development – only when we get sufficiently rich can we
            afford the relative luxury of caring about the environment. On its most general level,
            this conclusion is evident in Figure 9, where higher income in general is correlated with higher environmental sustainability.253

         
         [image: ]

         
         Figure 9 The connection for 117 nations between GDP per capita (current 1998 PPP$) and the
            2001 Environmental Sustainability Index, measuring 22 environmental dimensions on
            67 variables.254 A best-fit line is displayed and various nations have been marked out. Source: WEF
            2001a&b, World Bank 2000c.
         

         
         This also has implications for our discussions on prioritization. Many people love
            to say that we should have a pollution-free environment. Of course this is a delightful
            thought. It would likewise be nice to have a country with no disease, or the best
            possible education for all its young people. The reason why this does not happen in
            real life is that the cost of getting rid of the final disease or educating the slowest
            student will always be ridiculously high. We invariably choose to prioritize in using
            our limited resources.
         

         
         One American economist pointed out that when we do the dishes we are aiming not to
            get them clean but to dilute the dirt to an acceptable degree.255 If we put a washed plate under an electron microscope we are bound to see lots of
            particles and greasy remnants. But we have better things to do than spend the whole
            day making sure that our plates are a little cleaner (and besides, we will never get
            them completely clean). We prioritize and choose to live with some specks of grease. Just how many
            specks we will accept depends on an individual evaluation of the advantages of using
            more time doing dishes versus having more leisure time. But the point is that we –
            in the real world – never ask for 100 percent.
         

         
         Similarly, we have to find a level at which there is sufficiently little pollution,
            such that our money, effort and time is better spent solving other problems. This
            calls for access to the best possible and least myth-based knowledge, which is the
            whole purpose of this book.
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         2 Why do we hear so much bad news?

         
         In 1992 a large-scale opinion poll Health of the Planet was carried out in many countries.256 The intention was to investigate people’s attitudes to the environment and to what
            extent fears for the environment only manifest themselves in the rich countries. Many
            of those consulted expressed fears for the environment. In 16 out of the 24 countries
            involved in the survey, the environment was named as one of the three most important
            problems.257 In the vast majority of nations, both developing and industrialized, more than 50
            percent of all people were concerned about problems with environment.258 But then the interviewees were asked for their opinion about the environment locally,
            nationally and globally. Their answers can be seen in Figure 10.
         

         
         Notice that in the vast majority of countries surveyed, the impression of its citizens
            is that the global environment is in the worst shape, the national environment is
            a little better, and finally, their local environment is in the best shape of the
            three, although we can see some tangible, concrete problems in for example the transitional
            economies of Russia and Poland.
         

         
         On the face of it, this general evaluation seems reasonable enough – and both Americans
            and the British follow the pattern by believing their local environment to be better
            than the national average, which again is much better than the messy world. But look
            at a typical country like Germany. Here, 22 percent believe that the local environment
            is in bad shape while almost twice as many – 42 percent – believe that the environment
            of the country as a whole is in a bad state. Can it be reasonable, though, for people
            to believe that their own local environment is better than the average for the country
            as a whole? That the grass is greener on one’s own side of the fence? Of course this
            cannot apply to everyone, precisely because the survey covers all of Germany. It is
            not possible for everyone to have a better local environment then the average of all
            the local environments.
         

         
         We are actually familiar with a similar phenomenon in psychology. Interviews with
            motorists consistently show that between 70 percent and 90 percent claim that they
            drive better than the average.259 Likewise, in the early 1990s 70 percent or more Americans claimed that the American
            public was not worried enough about the environment – although these 70 percent clearly
            should be sufficiently worried.260

         
         So people have a lopsided view of their environment. The point repeats itself in most
            of the countries in the survey. Most respondents believe that the environment is worse
            “elsewhere” in the country than where they themselves live. Having a global survey
            to refer to enables us to see the same logic applying at a global level. In the vast
            majority of nations people believe that the environment is worse “somewhere elsewhere’”
            than in their own country.
         

         
         Other possible explanations of this connection naturally exist. It is not unthinkable
            that the environmental problems we experience at a national and international level
            either are not localized or occur in sparsely populated areas. But it still points
            to the fact that our knowledge of things close to us, which is derived from our own
            experiences, is not the primary source of our fears for the environment. On the contrary, we seem more worried about conditions the further away from us they are, both physically and mentally.
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         Figure 10 Percentage of respondents who evaluate the environmental quality of their local community,
            their nation and the world as very or fairly bad. Source: Dunlap et al. 1993:12.
         

         
         This points to the fact that our fears for the environment are to a high degree communicated,
            and here I will look at three of the most important communicators: researchers, the
            organizations and the media. I will argue that there is good reason to believe that
            all three communicators will present us with a preponderance of negative tidings.
            Finally, comment should be passed on our own willingness to listen to and believe
            bad news.
         

         
         Research

         
         Research is basically a question of revealing truths about ourselves and our surroundings,
            be these man-made or natural. But research does not simply come about of its own accord,
            it has to be financed. This means that the problems to be investigated are influenced, to some degree, by the interests of those
            who finance the research.
         

         
         
            
            THE FILE DRAWER AND DATA MASSAGE

            
            An annoying but not unusual problem for researchers occurs when they have spent a
               long time investigating a problem but have found no important connections. Then what
               do you do? They may be able to get their results published as they stand (“it is also
               interesting that there was no connection”), but most editors are pretty negative in
               this sort of situation and many investigations of this kind end up in a file drawer.
            

            
            While it is entirely understandable for an editor to reject articles without “good
               connections,” their doing so leads to an imbalance in the overall presentation of
               science. Suppose, for example, that numerous researchers have investigated the connection
               between weak electric and magnetic fields from electrical power transmission lines
               and human cancer.261 Most of them have found no relationship, but nor have their investigations been published.
               However, the first study that finds a (perhaps purely coincidental) relationship will
               be published and probably create quite a stir. It is not until this happens that a
               study without a connection is considered to be interesting. This phenomenon is known
               as the file drawer problem – first we get the scare connection, then we find out that
               other studies with no connection undercut the initial scare.262

            
            It is also possible to gather so much material that at least some of the figures will
               show a connection. When a study of the connections between pesticides and cancer in
               French farmers finds a link between pesticide use and brain cancer, we may become
               rather suspicious as to why they particularly asked about this type and not other
               types of cancer.263 If they have actually asked about 30 different types of cancer they will probably
               find at least one connection – the brain cancer connection – although it may be purely
               coincidental.264 This way of producing a find is often referred to as data massage – torturing the data till they speak.265 And since everyone wants to publish interesting connections, there is at least a
               moderate incentive to squeeze the data just a little harder.
            

            
            The point here is that we must be careful not to put complete faith in all research
               stories, because some unpublished study in someone’s file drawer might be able to
               disprove them.
            

            
         

         
         In our modern society, much of the research done is publicly funded, which means there
            will be certain expectations as to the relevance of the research to society.266 There is nothing at all suspicious about this, as we probably expect to get a reasonable
            return on our tax money, but it does have consequences for the characteristics of
            the research.
         

         
         Research basically has built-in lopsidedness. If a scientist says that she has investigated
            her field and not found any general problems, we as a society need do no more. If
            on the other hand the scientist investigates her field and finds a potentially momentous
            problem, it would be common sense to take action and at least research the field more
            thoroughly. This means that, other things being equal, we have research which tends
            to investigate areas where problems can arise.
         

         
         At the same time, another imperfection also exists. It is not always easy to identify
            exactly what constitutes a problem. If there have always been periodic oxygen shortages
            in the Gulf of Mexico then the phenomenon is probably not a problem. If on the other
            hand occurrences have become more frequent because of an excess of nutrients then
            the problem could well be serious. Identification of a problem depends on the theory
            by means of which we interpret what we observe in the world.
         

         
         In this connection a simple, easily comprehensible theory is fundamental: a theory
            which links human action (how we damage nature) and a clearly identifiable problem.
            At the same time most environmental problemsare incredibly complex and it can be difficult to accept or reject a theory within
            a short period of time. Global warming, the eradication of species and oxygen depletion
            are problems the causes and connections of which can only be determined over a long
            period and at great cost.
         

         
         A situation with a potential problem and an easily explained theory will therefore
            attract sizeable grants for more research, and we can expect this research to continue
            over long periods of time. There is nothing wrong with this situation per se. In reality it is an indication of a well-functioning society: many researchers look
            into many different problems, thereby providing us with the knowledge we need to make
            sure that only very few problems ever develop into big ones.
         

         
         We must expect that efficient research will provide information about many potential
            future problems. But the fact that we hear so many stories should not necessarily
            be taken as an indication that doomsday is nigh. On the contrary.
         

         
         Acid rain (which we will investigate later in the book) is a good example. In the
            late 1970s and early 1980s there was a considerable loss of foliage in the forests
            of Central Europe. This alone would probably have triggered considerable interest
            among researchers in the affected countries. However, German scientists also believed
            that they were able to link foliage loss to industrial pollution. They predicted that
            all forests exposed to acid rain would suffer substantial damage.267 This led to fears on a much wider scale and national research programs were initiated
            throughout most of the Western world. This also presented the potential for a whole
            series of research projects. Some of Norway’s foremost acid rain scientists wrote
            that “the possibility for reduced forest growth was the main reason why it was possible
            to get large funding for research on the effects of acidic rain.”268 Ten years later all fears had evaporated – acid rain only damages trees under very
            rare conditions – but during these ten years we heard an incredible number of theories,
            partial research results and popular, primarily negative, explanations.
         

         
         All the same, it was still a good idea to have investigated the connections. Had an
            unambiguous explanation been found it would have provided us with the best premise
            for handling the potential problems. But it also means that during the period we ought
            to have prepared ourselves for hearing many a negative story which would not necessarily
            turn out to be true.
         

         
         Organizations

         
         At the same time as further funding comes on tap, research also becomes a veritable
            industry. Researchers begin to investigate subsidiary fields and special cases within
            the original problem field without necessarily having an interest in or any breadth
            of view of the field as a whole.
         

         
         Although the field naturally retains its professional integrity it will gradually
            become increasingly difficult to challenge the consolidating problem. For one thing,
            a natural tendency to secure funding for their own special field will encourage scientists
            not to criticize the overall field of research. For another, many participants only
            investigate problems within the field and will not challenge the premises of the field. In this way, the field
            achieves a certain degree of independence and begins to define its own reality.
         

         
         One critic of such institutionalization is retired professor Aksel Wiin-Nielsen, former
            Secretary-General of the UN World Meteorological Organization. On the question of
            global warming he commented: “The most important explanation as to why so much extensive
            theoretical work in the development of climate models has been done during the last
            ten years is that the development of models sustains funding and secures jobs at research
            institutions.”269 Of course, criticism as far-reaching as this is extremely difficult to substantiate
            adequately, and the UN Intergovernmental Panel on Climate Change (IPCC) has also criticized Wiin-Nielsen
            for his lack of documentary evidence.270 My point is simply to stress that in important fields of research it can also be
            difficult to present information which goes against institutional interests.
         

         
         One researcher has argued in the esteemed journal Energy Policy that it was actually the climate researchers, together with for example the windmill
            manufacturers and environment bureaucracies, who were the primary political initiators
            of the climate negotiations.271 The point is that it was institutionalized interests and not, as you may have thought,
            the prospect of possible global warming that was behind the tremendous support for
            CO2 restrictions included in the Kyoto Protocol of December 1997 (we will discuss this
            much more thoroughly in Part V).
         

         
         But there are also other, more politically oriented organizations which disseminate
            environmental research. Such organizations include the obvious environmental movements
            such as Greenpeace, WWF and Worldwatch Institute, but also organizations like the
            National Federation of Independent Business and the American Farm Bureau in the US272 or Confederation of British Industry and National Farmers Union in the UK. All these
            organizations have vested interests in the political consequences and decisions which
            result from research. The NFIB and the AFB have an interest in protecting their members
            and they work to promote decisions which are to the advantage of their members. In
            exactly the same way, environmental organizations base their activities on a desire
            to promote decisions which are good for their members.
         

         
         The difference is that while the traditional organizations usually fight for traditional
            values such as the distribution of time and money, the environmental organizations
            fight for such things as bigger forests, diversity of species, restoration of natural
            environments and strict regulations of chemicals. We may nevertheless argue that the
            environmental organizations are fighting for the interests of their members because
            in the last analysis they are only able to do what their members, sympathizers and
            supporters believe is good and necessary – because without their backing the organizations’
            campaigns would be more or less worthless. The organizations may present themselves
            as the patrons of the penguins and the pine trees, to use the expression from the
            previous chapter, but they are dependent on people who sympathize with their points
            of view and contribute money, prestige and influence, if nothing else, through their
            democratic vote and pressure on the politicians.
         

         
         Most people seem to be perfectly aware that when the NFIB tells us that an environmental
            regulation of industry is unnecessary, they may have good and sensible arguments,
            but they certainly also have a clear interest in avoiding such regulation. Many people
            tend to view NFIB’s arguments with a certain natural skepticism because they know
            that the argument could also be a cover for ulterior motives. This considered, it
            seems amazing that many people are not equally aware that the environmental organizations
            also have an interest in environmental regulation.273 It may be that the environmental organizations have better arguments for regulation
            (but of course their arguments may also be poorer), but it ought to be obvious that
            they, too, have an interest in arguing towards a particular end.
         

         
         Thus as the industry and farming organizations have an obvious interest in portraying
            the environment as just-fine and no-need-to-do-anything, the environmental organizations
            also have a clear interest in telling us that the environment is in a bad state, and
            that we need to act now. And the worse they can make this state appear, the easier
            it is for them to convince us we need to spend more money on the environment rather
            than on hospitals, kindergartens, etc. Of course, if we were equally skeptical of
            both sorts of organization there would be less of a problem. But since we tend to treat environmental organizations with much less skepticism, this
            might cause a grave bias in our understanding of the state of the world.
         

         
         Note, however, that this is only a theoretical argument as to the environmental organizations
            having an interest in portraying the world as gloom and doom. The extent to which
            they actually do so is very much the theme of the rest of this book.274

         
         The media

         
         Finally, it is the media that pass on the results of research, possibly helped along
            by the organizations. The media play a central role in this connection because the
            world has become so complex that we can no longer rely primarily on our own experiences.
            Instead, the mass media provide much of our understanding of reality.
         

         
         But their particular way of providing us with news profoundly influences our view
            of the world. There is of course rarely much doubt that facts reported in an article
            or a news report are generally true. In that sense, the media simply reflect the world
            as it is. What is interesting, however, is the long and winding path between an event
            taking place in the world and its possible appearance and placement in the media.
            Looking at news reporting in this way shows how the media systematically present us
            with a lopsided version of reality: a picture of reality which is incoherent and sporadic,
            though at the same time reassuringly predictable and familiar: A picture where problems
            fill every column, and the emphasis is on drama and conflict. As an editor-in-chief
            has put it: “Producing a paper is a question of distorting proportions.”275

         
         This media-based reality has numerous consequences. First, the incoherent information
            we are given provides us with too little knowledge of concrete problems to enable
            us to take part in a democratic decision-making process. Second, we feel sufficiently
            comfortable that we believe we actually do have sufficient knowledge to partake in
            the debate and to make valid decisions. Third, we will often get a far too negative
            and distorted impression of the problems.
         

         
         Lopsided reality: sporadic but predictable

         
         The basic job of the news media is to report individual, unrelated events from many
            different parts of the world.276 By definition, news also has to be new. This limits what we can actually call news
            to events which occurred within the last production cycle, often seven days, 24 hours
            or even less. This means that items which take a long time to develop will have considerably
            less news value than here-and-now events. Hunger in Africa is nowhere near as good
            news as a plane crash. Rather characteristically, the Ethiopian hunger tragedy of
            1984 only actually became news because a team of BBC journalists stayed overnight
            in Addis Ababa on their way to another job and sent home shocking pictures of children
            literally dying in front of their cameras.277

         
         At the same time there is a strong tendency to focus on individual stories. The role
            of the media in liberal Western democracies has in historical terms primarily been
            to report events and to a much lesser degree describe possible future events or to
            put events into perspective. For this reason the news consists primarily of incidents, rather than predictions, explanations or background material.278 The reasons for this predominant focus on events are also technical: it has to be
            possible to film, photograph or describe news in relatively simple terms. For this
            reason we only get background information when “newsworthy” people or institutions
            produce a report of their own which predicts or explains other news. The report thus
            becomes the peg on which to base the story.279

         
         Thus, the world as we see it through news broadcasts appears to be fragmented and to consist of individual incidents.
         

         
         When we nevertheless feel it is possible to get a general impression of what is going
            on in the world it is because ordinary news coverage is subject to a rigid framework
            giving the news broadcast consistency and a feel of reassuring predictability. It
            is amazing how an apparently unpredictable universe of news events can be shoehorned
            into 20 minutes of TV news or 12–16 pages of a newspaper, day after day.280 This is done through hefty editing of the incoming news stream. A typical editorial
            office actually edits out more than 75 percent of all incoming news.281

         
         News broadcasts typically start, for example, with a major incident to attract viewers’
            attention, and interest is maintained through a varied offering of news and human
            interest stories. Withholding popular information (sport and the weather) until the
            end of the broadcast sends the viewer away with a light touch at the close.282 This helps to give us the impression that we have gained a global overview and are
            in control.
         

         
         Slightly surprisingly one might say, as the media researcher Park pointed out as early
            as 1940: news is predictable. It is not the entirely unexpected which appears in the
            newspapers, but the same kinds of events and accidents which have been news before.283

         
         Lopsided reality: bad news

         
         The media cannot survive without an audience. Since the arrival of the commercial
            newspaper in the middle of the nineteenth century the mass media have had to concentrate
            to a large extent on satisfying the interests of a mass public. With the ease of channel
            surfing this focus on customers is even stronger with the TV medium.
         

         
         This means that it is extremely important for news to be interesting. And interesting usually means packed with serious events, problems and accidents. “A good story is
            usually bad news,” writes a textbook for journalists.284 Although it is not easy to explain why, we all seem to be curious about and fascinated
            by bad news, and this sells newspapers. The tabloid papers are forced to focus more
            on sensation because they depend on their readers finding them exciting enough to
            buy them every day. Indeed, a recent study showed how the use of the word “fear” has
            increased in American media, actually doubling in head-lines.285

         
         We are all perfectly familiar with bad news about the environment. Perhaps the most
            obvious was the US encounter with the 1997/8 El Niño which eventually was linked to
            any weather event. Even Worldwatch Institute pointed out, slightly exasperatedly,
            that “as early 1998 progressed, it became difficult to find a weather-related story
            that did not mention El Niño’s influence.”286 We were told how cities were “bracing for the climate event of the century.”287 We got informed of the “weird weather” and endless lists of problems:
         

         
         Experts are saying that this El Niño is one of the most intense on record. San Francisco
            has had its wettest winter since 1867. Damage from storms and mud slides is expected
            to cost California more than $300 million, and has caused at least 10 deaths. In Florida,
            more than 300 homes were destroyed and more than three dozen people were killed by
            a series of powerful tornadoes. “This shows that El Niño is very dangerous for Florida”
            said Scott Spratt, a meteorologist for the National Weather Service.288

         
         In fact, El Niño got blamed for anything from wrecking tourism,289 causing more aller-gies,290 melting the ski-slopes,291 and yet dumping snow in Ohio, causing 22 deaths.292 Perhaps the most surprising statement was Disney’s accusation that El Niño had caused
            its shares to fall.293 And even when El Niño did have a positive effect, this was powerfully ignored, as
            in Time magazine: “Large parts of the eastern and north-central U.S. continued to bask in
            the warmest winter in years, one that brought cherry blossoms to Washington in the first week of January. That might sound like the opposite of a disaster, but
            every weather anomaly has its dark side.”294 And then the journalist went on to tell us about the problems of warmer weather.
         

         
         However, a recent research article in Bulletin of the American Meteorological Society tried to count up all the problems and all the benefits from El Niño.295 And while all the bad occurrences of Californian storms, crop damage, government
            relief costs, and human and economic losses from tornadoes were true, they were only
            one side of the story. At the same time, higher winter temperatures meant about 850
            fewer human cold deaths, much diminished heating costs, less spring flood damage and
            savings in highway-based and airline transportation. Moreover, a well-documented connection
            between El Niño and fewer Atlantic hurricanes was well expressed in 1998 – the US
            actually experienced no major Atlantic hurricanes and thus avoided huge losses.
         

         
         The total damages were estimated at $4 billion, whereas the total benefits were estimated
            at $19 billion.296 But given the wide media coverage of all the bad news, that El Niño was overall beneficial
            for the US was not the impression left with the average reader or viewer.
         

         
         Lopsided reality: conflict and guilt

         
         In the hunt for good news, conflict is also brought into focus. A conflict has that
            gripping dramatic element familiar from fairy tales and other literature, a battle
            between good and evil which the audience must follow to the bitter end to find out
            what happens. Journalists are actually taught how to tailor their stories to patterns
            from fairy tales.297

         
         Closely related to the story of conflict is the question of guilt.298 It is not uncommon for one of the involved parties to be given the blame for the
            conflict, which helps to give the news a more human touch. We have seen examples of
            this in the US, where efforts to do something about garbage dumps is given far higher
            priority compared to combating radioactive radon, even though combating radon would
            be far more effective. Why? Because a garbage dump provides “good pictures” and because
            garbage dumps are “somebody’s fault.”299

         
         It is generally important to journalists that their stories are “close” to the reader.
            This is often a question of involving people in a story and being able to explain
            what is going on in simple terms.
         

         
         Finally, a story has to be new and exciting. A story about a new problem or new conflict
            is potentially far more interesting than describing an already familiar, traditional
            problem.
         

         
         The consequences

         
         One consequence of the demand for rapid news delivery is that our view of the world
            becomes fragmented. Our demand for interesting and sensational news means that our
            picture of the world becomes distorted and negative. Coupled with the finely tuned
            PR units of the environmental organizations and problem-oriented research, this can
            provide serious bias towards a negative appraisal of the state of the world.
         

         
         Note, however, that it is not anybody’s “fault.” We get primarily negative news not
            because the journalists have evil intentions, but because the news media are placed
            in an incentive structure that makes it profitable to focus on negative occurrences.
            The environmental organizations are interest groups like all others, and they argue
            in favor of their own cause. The fact that we primarily believe their negative news
            is not their fault, but ours, because we are only skeptical of the American Farm Bureau
            arguments and not of those from the environmental lobby. Research is mainly concerned
            with potential problems. This is socially beneficial, because it gives us the best
            opportunity to handle problems in the future, but it means that we are continuously faced with news of potential disasters.
         

         
         The point is that we cannot change this negative lopsidedness. Instead, we must get
            to grips with the fact that the stream of information we receive is inherently lopsided
            and compensate for it. Unfortunately, this may be very difficult because we inherently
            tend to think that things were better in the old days and that everything is going
            in the wrong direction. The Scottish philosopher David Hume wrote in 1754 that “the
            humour of blaming the present, and admiring the past, is strongly rooted in human
            nature, and has an influence even on persons endued with the profoundest judgment
            and most extensive learning.”300

         
         Sal Baron wrote in his book about the history of the Jews that prophets who made optimistic
            predictions were automatically considered to be false prophets.301 An Assyrian stone tablet, many thousands of years old, tells us of the obstinate
            feeling of decline: “Our earth is degenerate in these latter days; bribery and corruption
            are common; children no longer obey their parents; every man wants to write a book,
            and the end of the world is evidently approaching.”302 Moreover, it has been suggested that the spirit of ascetic Calvinism still hovers
            over Western civilization.303 In a sense, when we have done so very well, maybe we ought to be punished? In that
            light, the worry over global warming could be seen as a search for a nemesis, to punish
            our overconsumption, a penalty for our playing the Sorcerer’s Apprentice.
         

         
         These observations seem to suggest that historically and perhaps biologically we are
            disposed to welcome negative news. But if we are to have a rational political decision-making
            process and choose the best means to the right objectives, we must bear in mind that
            the stream of information we are receiving is unbalanced. We hear many negative and
            problematic stories every day that should not necessarily be taken at face value.
            TV tries to attract attention, the environmental organizations argue for their causes,
            and research science is already examining a variety of solutions to cover us if and
            when the problem occurs.
         

         
         Of course this does not mean that we can just sit back and ignore all problems. But
            it does imply that we must view the world with a healthy portion of skepticism and
            take on the challenges, because we know that we are systematically being confronted
            with a negative surplus of news.
         

         
         And most of all, it means that we must start searching for the facts to measure the
            real state of the world. And here we will start by looking at the human endeavor so
            far.
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         Human welfare
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         3 Measuring human welfare

         
         In this chapter we shall look at the state of human welfare. First, of course, we
            have to define what the term implies. Welfare is obviously not a discussion confined
            to money, but one about the whole human’s potential to develop.304

         
         According to the UN, “the real objective of development should be to create an enabling
            environment for people to enjoy long, healthy and creative lives. Though this may
            appear to be a simple truth, it is often forgotten in the immediate concern with the
            accumulation of commodities and wealth.”305 But how do we measure human welfare? There are many ways of investigating to what
            extent mankind has been given better surroundings in which their lives can unfold.
         

         
         The UN introduced the so-called Human Development Index for this very purpose. The index attempts to elucidate what kind of surroundings
            people have in which to make a good life for themselves. The intention is to measure
            how long people can expect to live, how much knowledge they can acquire, and how high a living standard they can achieve. In practical terms it measures life expectancy, the proportion
            of illiterates, school attendance in years, and income. The World Bank endeavors in
            a similar way to evaluate people’s quality of life on the basis of life expectancy,
            malnutrition, access to clean water and sanitation, illiteracy and energy consumption.306

         
         It goes without saying that elegant words such as “long, healthy and creative lives”
            end up sounding a little less spiritual when converted into sterile statistics. Nonetheless,
            these figures do give us a good idea as to the state of human welfare in different
            parts of the world. But why only these three or six components? The UN writes that
            “the ideal would be to reflect all aspects of human experience,”307 but that the lack of data imposes some limits on this.
         

         
         That is, however, no reason for not trying. It is true that not enough data are available
            in order for us to rank all the nations in the world in all sorts of different ways,
            which is what the UN wants to do. But if all we want to do is to get a general overview
            of the state of mankind, we can investigate quite a few more indicators. In this part
            of the book we will look at human welfare from a variety of angles. Of course we cannot
            hope to approach every single possible aspect, but I have tried to look at the most
            important ones. In the course of the following pages we will investigate life expectancy
            and health, food and hunger, income, inequality, education and security – in the industrialized
            nations and the developing nations, for the young and the old, men and women.
         

         
         How many people on earth?

         
         The number of people on earth increases every day, and in 1999 we passed the 6 billion
            mark.308 As you can see in Figure 11, the massive growth in the world’s population began around 1950 and will probably
            end around 2050.309 The increase in the population is mainly due to a dramatic fall in the death rate
            as a result of improved access to food, medicine, clean water and sanitation.310 The increase is not, on the other hand, due to people in developing countries having more and more children. In the early 1950s women
            in developing countries gave birth to an average of more than six children – compared
            to an average of around three today.312 As one UN consultant put it, rather bluntly: “It’s not that people suddenly started
            breeding like rabbits; it’s just that they stopped dying like flies.”313
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         Figure 11 World population 1750–2200, the UN’s medium variant forecast from 2000. Source: UNPD
            2001b:27; 1998b:37, 1998c.311

         
         In historical terms we are familiar with this development as “the demographic transition,”
            seen in Figure 12.314 In a traditional agricultural society, income is low and mortality high. However,
            children working and providing for their parents in old age generally supply greater
            benefits than their cost, and therefore the birth rate is high. With improved living
            conditions, medicine, sanitation and general economic prosperity, the death rate falls.
            The transition towards a more urban and developed economy makes children more likely
            to survive while they start to cost more than they contribute, needing more education,
            working less and transferring the care of their parents to nursing homes. Consequently,
            the birth rate drops.315 In the gap between the falling death rate and birth rate, the population grows. In
            the case of Sweden, it quintupled during this process.316
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         Figure 12 The demographic transition showing birth and death rates in Sweden (1750–2050) and
            Sri Lanka (1910–2050), forecast for 1999–2050. Notice, how first the death rate declines,
            and then the birth rate. As the population begins to age, the death rate rises slightly.
            Source: Mitchell 1975, 1995, World Bank 2000c, USBC 2001a.
         

         
         We see a similar trend today in developing countries, where the death rate has fallen
            drastically and the birth rate is beginning to fall. For Sri Lanka, this development
            is evident in Figure 12, where its population is expected to somewhat less than sextuple before stabilizing
            around 2030.317 The UN estimates that women in the developing countries will achieve an average of
            2.1 children, which constitutes a stable reproduction,318 by 2045–50.319 At present, the reproduction in the developing world is 3.1 children or already below
            that of the US and Australia in the early 1960s or Denmark in the early 1920s.320

         
         All the same, the world’s population will continue to increase for some time beyond
            2035 because population figures have a built-in “momentum.” Even when the birth rate
            has fallen to the replacement level of 2.1 children per woman there will be more young
            people in the population than old. They will in turn bring 2.1 children into the world,
            which will also lead to a slight preponderance of young people, etc. This momentum is already
            today the primary cause of population growth – we expect world population to increase
            by 3.3 billion over the next 50 years, but even if world fertility instantly dropped
            to replacement level, the increase would still be about 2.3 billion.321
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         Figure 13 Increase in the Earth’s population in absolute figures and as a percentage, 1950–2050.
            The dramatic fall in 1959–62 was due to China’s Great Leap Forward, which led to catastrophic
            starvation and cost almost 30 million people their lives (WFS 1996:3:3.15). Forecast
            from 2001. Source: USCB 2001a.
         

         
         As demonstrated in Figure 13, the growth of the global population peaked in the early 1960s at just over 2 percent
            a year. It has since fallen to 1.26 percent and is expected to fall further, to 0.46
            percent, by 2050. Even so, the absolute growth of the population did not peak until
            1990, when almost 87 million people were added to world population. Today growth is
            around 76 million per year and will have fallen to approximately 43 million by 2050.322

         
         The UN continuously calculates how many of us live on Earth now and will in the future.
            These figures have been adjusted downward by 1.5 billion for 1994, 1996 and 1998 and
            upwards again by half a billion for 2000, because of changes in the speed with which
            the fertility falls in different countries.323 The latest long-term forecast from 2000 can be seen in Figure 11.324 It shows that there will be almost 8 billion people on Earth by 2025 and about 9.3
            billion by 2050. It is estimated that the world’s population will stabilize just short
            of 11 billion in the year 2200.325

         
         The changing demographics

         
         Sixty percent of the population growth comes from just twelve countries. India, Pakistan
            and China are at the top of the list, respectively adding 563, 203, and 187 million
            more people in the next 50 years.326 India has one of the oldest family planning programs in the world but fertility there
            is only falling very slowly. In both China and India in the early 1950s women gave
            birth to an average of six children. However, whereas the number in China has fallen
            to 1.8 it is still at 3.23 in India.327 For this reason India also has many more young people and will probably overtake
            China as the world’s largest country before 2050, with 1.57 billion inhabitants, compared
            to China’s 1.46 billion. Though Pakistan is only the world’s seventh largest country
            it will nevertheless add the second-most to the global population, and likewise numbers
            four and seven on the list, Nigeria and Ethiopia, are the world’s tenth and twenty-first
            largest.328 In the 100 years from 1950 China’s population will have increased 160 percent, India’s
            will have quadrupled, and the populations of Pakistan and Nigeria will have increased
            nine-fold.329

         
         The industrial nations’ share of the world population will continue to fall. Having
            increased throughout the past centuries, their share of the total has fallen from
            32 percent in 1950 to 20 percent today, and will fall still further to just 13 percent
            in 2050.330

         
         As far as Europe is concerned, the change will be even more pronounced. From accounting
            for 22 percent of the world population in 1950, the continent now only accounts for
            13percent. Africaonthe other hand has increased from 9 percent to the same 13 percent.
            Today both Europe and Africa each make up one eighth of the world’s population. However,
            by 2050 Europe’s share will shrink to below 7 percent, while Africa’s will grow to
            22 percent, i.e. Africa and Europe will have changed places as regards relative population
            size.331

         
         One inevitable consequence of increased life expectancy and the falling birth rate
            is that there will be far more older people. In 2025 the world’s baby-boomers will
            be between 65 and 75 years old. Compared to just 5 percent over-65s in 1950, the world
            will have 16 percent in 2050. Growth of the 80+ age group will be even steeper, from
            about 0.5 percent in 1950 and 1 percent today to almost 10 percent in 2150. The number
            of centenarians will increase 14-fold over the next 50 years. Today there are three
            times more children than old people – in 2050 the two groups will be equally large.
            Globally, our average age will have increased from 27 years in 1950 to almost 33 years
            in 2020.332

         
         Because China has been so successful in restricting the number of children, the age
            phenomenon will be particularly pronounced in this part of the world. Here the number
            of centenarians will increase 40-fold. While there are five children for each two
            old people today, the old will outnumber the young two to one in 2050. The average
            age will increase from 23 to more than 37 in 2020.333

         
         As a matter of curiosity, I can point out that by calculating backwards it is possible
            to work out how many people have lived on Earth since the beginning of time. The result
            is somewhere between 50 and 100 billion, which is to say that the 6.1 billion people
            alive today make up between 6 percent and 12 percent of all those who ever lived.334

         
         Overpopulation

         
         We often hear about overpopulation of the Earth. We most often see overpopulation
            illustrated by large glossy color pictures of tightly packed masses or overcrowded
            underground stations.335

         
         The famous population biologist Paul Ehrlich in his best-seller on the population
            explosion wrote:
         

         
         Psychologically, the population explosion first sunk in on a stinking hot night in
            Delhi. The streets were alive with people. People eating, people washing themselves,
            people sleeping, people working, arguing and screaming. People reaching their hands
            in through taxi windows to beg. People shitting, people pissing. People hanging off
            buses. People driving animals through the streets. People, people, people.336

         
         The point is, however, that the number of people is not the problem. Many of the most
            densely populated countries are in Europe. The most densely populated region, Southeast
            Asia, has the same number of people per square km as the United Kingdom. The Netherlands,
            Belgium and Japan are far more densely populated than India, and Ohio and Denmark
            are more densely populated than Indonesia.337

         
         Today, Ehrlich and others also agree on this. Nevertheless, two other interpretations
            of overpopulation have come to the fore. One of them conjures up images of starving
            families; wretched, cramped conditions and premature death.338 Such images are real enough but are actually the result of poverty rather than population
            density. We shall discuss poverty below.
         

         
         Another interpretation of overpopulation, which Ehrlich employs these days, focuses
            on the population density being sustainable. If a nation’s present population cannot sustain itself in the long term then the
            nation is over-populated.339 But to put it mildly, it seems bizarre to insist that a population should be able
            to support itself from the specific land on which it lives. The whole idea of a trading
            economy is that production does not necessarily have to take place at the physical
            location of demand, but where it is most efficient.340

         
         
         
         In connection with overpopulation it is important to point out that most of the Earth’s
            landmass will not become more densely populated than it is today. This is because
            most population growth from now on will be in the cities. Over the next 30 years the
            global rural population will stay almost unchanged, and in fact 97 percent of Europe
            will become less densely populated by 2025.341

         
         In 2007 more people will live in urban areas than in rural areas for the first time
            in history, as is seen in Figure 14.342 In 1950 New York was the only so-called megacity with more than 10 million inhabitants,
            and London was a close runner-up with 8.7 million.343 Today we have 19 megacities and the UN predicts 23 in 2015, where Tokyo and Bombay
            will lead the list with 26.4 and 26.1 million inhabitants respectively.344 Nineteen of the 23 megacities will be located in the less developed regions.
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         Figure 14 Percentage of urban population in developing and developed countries and the world,
            1950–2030, forecast from 2000. Source: WRI 1998a, UNPD 1998b:2.
         

         
         Urban growth will be distinctly stronger in developing countries, but in reality this
            is only following the trend of the developed world towards ever-increasing urbanization.
            Both in the US and in the industrialized world on average, urban population already
            constitutes about 75 percent.345 While the proportion of people living in urban areas in the West will increase to
            83.5 percent in 2030 the increase in developing countries will only be from 40 percent
            to 56 percent.
         

         
         It is often said that urban living mars people’s quality of life. One standard textbook
            on the environment says that “in both the rich and poor nations of the world, large
            populations cannot be comfortably accommodated. People live in deplorable conditions
            without adequate water and sanitation.”346 This is a classic example of a mistaken argument. It is quite right that by Western
            standards many people live poor lives in shanty-towns, but the fact is that even shanty-town
            dwellers live better lives than they would in rural areas.347

         
         In more densely populated areas, the most serious infectious diseases such as malaria
            and sleeping sickness become less of a problem the closer the buildings are together,
            because less space is left for the swampy areas where mosquitoes and flies can breed.
            Moreover, water supplies, sewage systems and health services are considerably better in urban areas than in rural ones.348 Education is much easier to come by in the city – in most developing countries there
            is more than ten percentage points difference between the education of rural and urban
            areas – and city-dwellers are on average better fed and less malnourished.349

         
         Actually, rural regions by far dominate the problem of global poverty.350 Towns and cities, on the other hand, are power centers which provide greater economic
            growth. Urban areas in developing countries produce 60 percent of GDP with just one
            third of the population. The World Resources Institute clearly concludes that “cities
            are growing because they provide, on average, greater social and economic benefits
            than do rural areas.”351
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         4 Life expectancy and health

         
         
         One of the basic necessities for human welfare is, of course, life itself. Life expectancy
            is therefore an essential aspect of any welfare measure. However, living longer does
            not necessarily mean living better, if that extra time is simply spent suffering more.
            It is therefore also important to consider whether we live healthier lives and spend
            less time being ill.
         

         
         The main point of this chapter is to show how our lives and our health have improved
            dramatically over the past couple of hundred years. We live longer, and we are more
            healthy. This is one of the great miracles of our civilization.
         

         
         Life expectancy

         
         Until around the year 1400, human life expectancy was amazingly short – a newborn
            child could on average only expect to live 20–30 years.352 This was mainly due to the fact that infant mortality was incredibly high. Only every
            other child survived beyond its fifth birthday.353

         
         For the early part of human history we have little or no precise statistics to rely
            on, so the figures must be based on the examination of skeletons and on mathematical
            population-growth models. Some of the most definitive surveys of Stone Age skeletons
            from North Africa show a life expectancy of just 21 years. We know from the examination
            of gravestones, mummies and skeletons that an average citizen of Imperial Rome lived
            only 22 years.354

         
         In Figure 15 we see the development of life expectancy in England over most of the second millennium.
            The broad picture shows an average life span of 30-something years from 1200–1800,
            with the most noticeable deviation being the Black Death in the fourteenth-century,
            bringing the newborn life expectancy down to just 18 years.355 Notice, however, that the statistics from 1200–1450 are based on male landowners,
            which probably somewhat overestimate the longevity of the average population.356
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         Figure 15 Life expectancy at birth for male landholders in England 1200–1450 and for both sexes
            in England and Wales or the UK, 1541–1998.363 Source: Russell 1978:47, Wrigley and Schofield 1981:230, Keyfitz and Flieger 1968;
            Flora et al. 1987:108, World Bank 1999a, 2000c. Life expectancy in the US 1849–1998 is very similar,
            USBC 1975:56, World Bank 1999a, 2000c.
         

         
         
         From 1541 we have much better information on a national level for both sexes, based
            on large samples of parish registers. Here the average life span was around 35, falling
            slightly until 1700 and then increasing slightly up to 1850. These short-term fluctuations
            were due to temporary food shortages, infectious disease and an ineffective food distribution
            network.357 After 1850, life expectancy soared. Over the 150 years that followed, the increase
            in life expectancy was astounding. It almost doubled.
         

         
         The sequence of events was similar in most industrialized countries. In France, life
            expectancy in 1800 was about 30.358 In Denmark it was around 44 in 1845.359 All have ended up with a life expectancy in the seventies, with an average of 77
            years for developed countries.360 On the other hand, life expectancy in the rest of the world was very low until the
            beginning of the twentieth century. It is traditionally estimated that the life expectancy
            of the whole world in 1900 was still around 30.361 In 1950 people lived for an average of 46.5 years and in 1998 for as long as 67 years.362 So life expectancy has more than doubled within the last hundred years.
         

         
         This is in all earnestness an astounding achievement. By far the largest improvement in our life expectancy has been achieved
            over the last hundred years.
         

         
         Life expectancy in the developing world

         
         But what of the developing world? At the beginning of the twentieth century many developing
            countries were at a life expectancy level reminiscent of the Stone Age. In 1906 life
            expectancy in India was about 25. In China in 1930, people only lived an average of
            24 years. Even in Chile, which at that time was one of the most advanced developing
            countries, life expectancy was only 31 years in 1909.364 Overall, the average in developing countries was still well below 30 years.
         

         
         In 1950 life expectancy in the developing world had reached 41 and in 1998 it was
            as high as 65.365 This is a fantastic improvement. This is the equivalent of all people in developing
            countries being able to expect to live as long as the average British or American
            in the late 1940s. For the one fifth of the world’s population who live in China,
            development has been even more rapid. From being expected to die by age 24 in 1930,
            the average Chinese can now expect to live to age 70 – an almost threefold increase
            in two generations.
         

         
         Figure 16 shows just how startling the increase in life expectancy in the developing world
            has been. This trend is expected to continue to improve, so that the developing world
            can break through the 70-year barrier in 2020 and continue to shorten the lead held
            by the industrialized nations.
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         Figure 16 Life expectancy for industrialized countries, developing countries, sub-Saharan Africa,
            and the entire world 1950–2050, prognosis from 2000, also incorporating the effects
            of HVI/AIDS. Source: UNPD 1999:4, 8–12, 18.366

         
         
         Of course, the average figure may well conceal considerable imbalances in the developing
            world. The distribution of life expectancy for individual nations can be seen in Figure 17. Here you can see that 4.7 percent of all people in the world live in nations where
            life expectancy is below 50. Right at the bottom of the list is Sierra Leone, where life
            expectancy is a mere 39 years. Apart from Afghanistan and East Timor, all the other
            25 countries at the lower end of the list are African, including Mozambique, Rwanda,
            Uganda, Zambia, Somalia and Ethiopia.
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         Figure 17 Percentage of humanity with their maximum life expectancy in 2000. Source: UNPD 2001c.374

         
         
         To a large extent these low life expectancies are caused by the AIDS epidemic that
            has struck especially hard in sub-Saharan Africa, home to 70 percent of all HIV cases.
            Here 23 million people, or 3.6 percent of the population, are HIV infected, and since
            AIDS most often hits young adults or children, many years of life are lost, leading
            to significant decreases in life expectancies.367 For some of the hardest-hit countries in the eastern part of the continent, declines
            of 10–20 years are estimated,368 and Zimbabwe has by some estimates lost 26 years compared to a situation without
            AIDS.369 For sub-Saharan Africa as a whole, the loss amounts to about nine years at present,
            and may increase to almost 17 years in 2010, and will still be about eight years in
            2025, compared to the prediction without AIDS.370

         
         This does not mean that life expectancy for sub-Saharan Africa declines however, only
            that it does not increase as fast as it could and should have, as is evident in Figure 16. From 37 years in 1950, life expectancy had only increased to around 49 years in
            1990 where it is expected to stagnate until 2010, after which it picks up, crossing
            the 60-year line around 2025. The effect on the developing world as a whole is in
            2010 a loss of about 2.8 years and in 2025 a bit more than a year lost.371

         
         The ironic twist to this tragic loss of life and welfare is that a large part of HIV
            prevention requires not so much huge expense but rather more information and a change
            in sexual behavior towards protected sex. However, shame and blame continue to engulf
            AIDS in many countries, making testing, information and political action hard to come
            by.372 In the long run, massive AIDS prevention programs such as Uganda’s show the way,
            having dramatically lowered prevalence rates.373

         
         Looking at the rest of Figure 17, we see that people in the next 26 countries or 10.3 percent of the globe expect
            to live between 50 and 60 years. Many of these countries are African, with Congo at
            51 and Nigeria and South Africa at 52, but Nepal and Bangladesh at 59 also belong
            to this group. This also means that 85 percent of all the world’s inhabitants can
            look forward to living at least to the age of 60. India with 63, Russia and Indonesia
            with 66 and Brazil with 68 are all in this group. Similarly, more than 45 percent
            of the world’s population can expect to live to 70 or longer. People in such dissimilar
            countries as China, Ecuador, Thailand and Jordan can expect to live to 70.
         

         
         People in the last group on the list can expect to live to age 75 or longer. The group
            includes 15 percent of all the world’s inhabitants and consists in the main of OECD
            countries, such as the US with 77 and the UK with 78 years. Here Japan comes out on
            top with a life expectancy of 81 years.
         

         
         A lot still needs to be done to improve conditions in Africa, not only in the context
            of AIDS prevention but also for food availability and economic production, as will be discussed below. But the important thing is to stress
            that more than 85 percent of all the world’s inhabitants can expect to live for at
            least 60 years – more than twice as long as people were expected to live on average
            just a hundred years ago. Incredible progress.
         

         
         Infant mortality

         
         The improvement in life expectancy is largely due to a dramatic fall in infant mortality.
            The main reason for our living much longer than we did a hundred years ago is not
            because we all live longer, but because far fewer people die early. From 1900 to the present day, the life expectancy of new-born American girls has
            increased by almost 32 years (from 48 to almost 80 years) while that of a 60 year-old
            is up by a more modest 7.8 years.375

         
         We can use a brief example to explain this phenomenon. Imagine that ten babies are
            born on a small island. Five of them die within the first year, while the others live
            on to age 70. Life expectancy will be 35 years. The next year, ten babies are also
            born, but now a doctor has arrived on the island who can treat the children, so only
            one of them dies. The other nine live to the age of 70. Life expectancy suddenly increases
            to 63.
         

         
         At a global level, the reduction in infant mortality has been amazing. From studies
            of hunter-gatherer societies we know that around half of all children die within the
            first five years. From the examination of skeletons and statistical models it is assumed
            that until about the year 1400, a mortality rate of about 500 out of 1000 live births
            was also the norm in Europe.376 For the sixteenth century we have figures for the English nobility, who lived under
            far better conditions than most of the population. These show a general reduction
            from 250 deaths per 1000 live-born babies in 1550 to about 100 per thousand in 1850.377

         
         Sweden was the first country to collect statistics at a national level. The percentage
            of children who died there within the first year of birth can be seen from Figure 18. At the end of the eighteenth century, about one child in every five died before its first birthday and there were substantial fluctuations
            from year to year caused by hunger and disease.378 But from 1800 onwards, infant mortality fell drastically and in 1998 the figure is
            less than four per 1000 or one child in 280.379 Infant mortality in Sweden has fallen more than 50-fold over the past 200 years.
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         Figure 18 Infant mortality per 1000 live births in Sweden 1750–1998, with 9-year smoothed trend.
            Source: Mitchell 1975:127–32, World Bank 1999a, 2000c.
         

         
         As regards the developing countries the data are less well documented. In rural China
            in the 1920s, more than one in three children died before the age of five. In Chile
            conditions were worse, with two out of five children dying before the age of five
            in 1920, and in Gambia even higher rates were reported as late as the 1950s.380

         
         Figure 19 shows the reduction in infant mortality in the world as a whole, in both developing
            and industrialized nations, since 1950. Here we can see an overwhelming reduction
            in infant mortality in the developing world. In 1950, 18 percent or almost every fifth
            child died; in 1995 only 6 percent died – a fall to just one third. Even for sub-Saharan
            Africa, infant mortality is steadily declining despite the AIDS epidemic, although
            the decline is not as fast as it could otherwise have been.381

         
         Infant mortality has also continued to fall in the industrialized nations. In 1950
            almost 6 percent of all newborns did not survive, compared to less than 1 percent
            in 2000. Notice that the developing countries have the same infant mortality rate
            today as the industrialized nations had in 1950. For both categories of countries
            it is projected that the fall will continue and that the risk in the developing world
            will be halved yet again by 2020.
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         Figure 19 Infant mortality per 1000 live births; world, industrial, developing and sub-Saharan
            African nations. Prediction from 2000. Including the effects of HIV/AIDS. Source:
            UNPD 1999:4, 8–12, 18.
         

         
         Illness

         
         We live longer, but have we only been given more time in which to be ill? The answer
            has to be: absolutely not. We have generally become much healthier during the past
            centuries.
         

         
         We often have a quite mistaken impression of what it was like to live in times past.
            This impression frequently comes from films, which often portray people who, although
            dressed in dirty clothes, are beautiful and live in harmony with nature. Unfortunately,
            reality in the eighteenth century was quite different, as the reputable Princeton
            historian Lawrence Stone explains:
         

         
         
         The almost total ignorance of both personal and public hygiene meant that contaminated
            food and water was a constant hazard …
   The result of these primitive sanitary conditions was constant outbursts of bacterial
            stomach infections, the most fearful of all being dysentery, which swept awaymanyvictimsofbothsexesand
            of all ages within a few hours or days. Stomach disorders of one kind or another were
            chronic, due to poorly balanced diet among the rich, and the consumption of rotten
            and insufficient food among the poor. The prevalence of intestinal worms … were a
            slow, disgusting and debilitating disease that caused a vast amount of human misery
            and ill health … In the many poorly drained marshy areas, recurrent malarial fevers
            were common and debilitating diseases … [and] perhaps even more heartbreaking was
            the slow, inexorable, destructive power of tuberculosis … For women, childbirth was
            a very dangerous experience … [and finally] there was the constant threat of accidental
            death from neglect or carelessness or association with animals like horses – which
            seem to have been at least as dangerous as automobiles – or elements like water …
   Another fact of Early Modern life which is easy to forget is that only a relatively
            small proportion of the adult population at any given time was both healthy and attractive,
            quite apart from the normal features of smell and dirt …. Both sexes must very often
            have had bad breath from the rotting teeth and constant stomach disorders which can
            be documented from many sources, while suppurating ulcers, eczema, scabs, running
            sores and other nauseating skin diseases were extremely common and often lasted for
            years.382

         
         In the ever present struggle between health and death, we can identify some of the
            pivotal events reducing death rates. First, rising standards of living from the late
            eighteenth century afforded better food, clothing and housing and consequently higher
            disease resistance. At the same time these changes in living conditions, for example
            people living closer together, forced an evolutionary change in the pathogens, often
            towards a lower virulence.383 Second, improved public hygiene, better water supplies and sewers, hygiene education
            and quarantine measures from the late nineteenth century helped suppress infections.384 Finally, better medical therapy in the twentieth century provided a vast array of
            new technologies to combat illness.385 Over the last couple of hundred years, we have consequently experienced a substantial
            decline in death rates and an increase in life expectancy.
         

         
         To a large degree this is because we have managed to control and defeat the incidence
            of infectious diseases. Towards the end of the eighteenth century, smallpox, which
            had been Europe’s leading killer causing more than 10 percent of all deaths, proved
            avoidable through vaccination or inoculation, and in 1891 diphtheria could be cured
            using antitoxin.386 The plague pandemic that had ravaged the world, costing a 100 million lives in the
            late sixth century and 25 million in the Black Death of the late fourteenth, was brought
            under control by public proscriptions such as quarantine, rat control, better sewers
            and higher housing standards.387 Measles and chickenpox were rendered harmless because the increase in population density effectively
            domesticated the pathogens and reduced them to typical infant diseases.388 Cholera was brought under control by improving the quality of the water supplies.389 In the first half of the twentieth century sulfa drugs and antibiotics finally made
            strong inroads against infections such as pneumonia, syphilis, gonorrhea, meningococcal
            infections, and later typhoid and enteric fevers.
         

         
         
         This victory over infectious diseases is clearly demonstrated in Figure 20. The important killers, pneumonia and tuberculosis, have decreased dramatically over
            the past century in the US, and total mortality from infections per 100,000 has dropped
            from 800 to 50, compared to the stable non-infection rate of about 800. Figures from
            the UK and other industrialized nations show similar declines in infectious diseases.390 The increase since the mid-1980s is due to two factors. First, about two-thirds of
            the 1980 infection rate is caused by pneumonia. However, pneumonia is deadly almost
            exclusively in very old age, and an almost doubling in pneumonia since 1980 is caused
            by an aging population.391 If we correct for aging, the death risk was similar in 1980 and 1997.392
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         Figure 20 The prevalence of infectious and noninfectious diseases in the US 1900–98, crude
            mortality rate per 100,000. Infectious diseases split into pneumonia and influenza,
            tuberculosis, HIV and other infections. The pronounced spike in 1918 marks the so-called
            Spanish flu pandemic that killed 20 million people worldwide, including half a million
            in the US. Source: Armstrong et al. 1999, Martin et al. 1999:27–8, CDC 1999a:622.
         

         
         
         Second, the increase since 1980 is caused by the rise of HIV, where the all-time high
            of 16.4 in 1995 was comparable to the death rates of syphilis in the beginning of
            the century.393 Thanks to the new combination drugs, AIDS-related deaths have now declined to just
            4.9 per 100,000 in 1998, and the figure for 1999 is even lower.394

         
         As medicine, hygiene and higher living standards in the Western world defeated infectious
            disease, people began to live longer and better. For this reason we die much more
            frequently of old-age and lifestyle-related diseases, such as cancer and cardiovascular
            disease.395 In 1900 the leading causes of death in the US were pneumonia, tuberculosis, diarrhea
            and enteritis, causing about one third of all deaths, whereas heart disease and cancers were responsible for just 12.5 percent.
            In 1997, heart disease and cancers accounted for 55 percent of all deaths, with just
            4.5 percent attributable to infectious diseases.396

         
         When the cancer mortality rate has kept rising in the UK and the US until the early
            1990s, it is not because we are being more “exposed” to cancer, as we shall see in
            the section on our chemical fears (see also Figure 117, p. 217).397 Cancer occurs more frequently the older people get, and for this reason alone we
            would expect more people to die of it, the older we get. In actual fact it turns out
            that if statistics are corrected for old age and smoking (i.e. we look at identical
            age groups, with smokers and non-smokers grouped separately), fewer of us die of cancer – not more.398 Where lung cancer rates, even corrected for aging, have been rising in the US from
            4.9 in 1930 to 75.6 in 1990, it is largely due to the intensive smoking that took
            place decades ago. However, smoking is decreasing (in 1965, approximately 42 percent
            of all Americans smoked, compared to just 25 percent in 1997399) and the lung cancer rate for men has actually begun declining in the 1990s. Nevertheless,
            it is estimated that the death of 25 percent of all men and 14 percent of all women
            can be blamed on tobacco.400

         
         But although we survive longer, and have overcome a large proportion of illnesses
            not the least from infection, we still have to ask if we are – all in all – more or
            less sick. This turns out to be a tricky question to answer directly.
         

         
         Typically, health experts have claimed that the reduced death rates almost by definition
            mean that we have got less seriously ill, since most of our present illnesses carry
            less danger of death. Many have proposed that as we survive longer and longer, we
            have squeezed the lion’s share of illness into old age, a phenomena which has also
            become known as the “compression of morbidity.”401

         
         However, we could also try to look at the actual rates of illness – particularly how
            often we are so ill that we stay home from work or otherwise restrict our activity.402 Researchers have looked at local groups of British workers from 1779 to 1929, and
            at health surveys in the UK, the US, Japan and Hungary. Fairly consistently, it turns
            out that as we live ever longer, we also get sick less often – pretty much as we might
            expect – but the surprising result is that at the same time each sickness period lasts
            much longer. This not only cancels the effect of lower sickness frequency but on average
            it actually makes us sick more of the time. Thus, the surprising outcome from this
            line of research has been to stress the “failure of success,” that as we have increasingly
            fought death we have only achieved more non-lethal disease.403

         
         The basic claim of intuition behind this surprising result is twofold. First, after
            we have won the war against infectious diseases most of the gains in life expectancy
            come from making non-infectious diseases ever less lethal. However, these chronic
            diseases are seldom cured but more often just handled through disease management,
            such that long periods of time would be spent in convalescence – hence on average
            making us ill more of the time.404 Second, the people who would have died in earlier periods are now living longer,
            because of better treatment. We know, however, that these “new survivors” are, on
            average, much more likely to experience renewed health problems, and thus they also
            contribute to driving up the average rate of illness.405

         
         Not surprisingly, this statistic has been thoroughly challenged.406 Basically, the question is whether the concept of illness has remained constant throughout
            long periods of time. While it is pretty obvious what constitutes death and while
            statistics on mortality are therefore fairly objective, being ill is only meaningful
            in comparison to an idealized state of health – and although we may think that our
            sore throat is adequate reason to stay home from work, this attitude may not have
            been shared by our predecessors.
         

         
         There is much evidence that we have become much more aware of illness, and that the medical profession has gone on to specify many new (particularly emotional) maladies
            that people of previous eras would never even have thought of. At the same time we
            have become more well off and better insured, making it financially easier to bear
            an illness, such that our threshold for taking sick undoubtedly has diminished.
         

         
         Actually, the question here is rather simple – does it make sense to believe that
            we can really be more sick nowadays than the eighteenth-century people with “suppurating
            ulcers, eczema, scabs, running sores and other nauseating skin diseases” described
            above by Lawrence Stone? While it is virtually impossible to determine the answer
            by looking at the sickness rate over time, since the cultural definition of sickness
            has changed dramatically, we can address the question in a different manner by looking
            at the rates of illness in different parts of the world with widely differing life
            expectancies. Here we get a clue to the problems involved in merely asking people
            whether they are sick or not – it turns out that for a long list of chronic illnesses
            even young people in the US report higher incidence than the poorest rural areas of India.407

         
         More systematically, the World Health Organization and the World Bank have tried to
            evaluate exactly the distribution of illness in the form of disability over different
            parts of the world with their Global Burden of Disease study.408 The result in Figure 21 shows overwhelming support for the idea that we have become less and less ill as
            we live ever longer. Having the shortest life expectancy of 50 years, the people of
            sub-Saharan Africa simultaneously have to endure that more than 15 percent of their
            life is spent in disability, whereas the 77 years life expectancy of the established
            market economies only has a corresponding 8 percent of a life spent in disability.
            Even in absolute terms a sub-Saharan African has on average to contend with 7.5 years
            of disability during a short life span, compared to the European spending just 6.25
            years of disability over a much longer life.
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         Figure 21 The relationship between life expectancy and percentage of life spent with disability.
            EME=established market economies; FSE=formerly socialist economies of Europe; IND=India;
            CHN=China; OAI=other Asia and islands; SSA=sub-Saharan Africa; LAC=Latin America and
            the Caribbean; MEC=middle eastern crescent. Source: Murray and Lopez 1997b.
         

         
         These statistics clearly indicate that the trend we see across the regions of today
            is likely to be the same trend that we have experienced over time – as in both the
            developed and the developing world we have increased our life expectancy we have also
            become more and more healthy.409

         
         Another indicator of the health of a population is the average height of its citizens.
            Height is closely linked to health and adequate nutrition from embryo to adulthood,
            and taller citizens are therefore an indication of better general standards of health.
            Tall people also have a relatively lower mortality rate (albeit only up to the height
            of about 192 cm, 6ft 4in!).410 Again, if we look at Figure 22 we will see that we have got taller and taller over the past couple of hundred years.411

         
         [image: ]

         
         Figure 22 Average height of adult men from 1775 to 1975. Source: Fogel 1989:50, Burnette and
            Mokyr 1995: 144.
         

         
         Conclusion

         
         All in all, it must be said that mankind’s health situation has improved dramaticallyover the past couple of hundred years. We live to more than twice the age we did just
            a hundred years ago, and the improvement applies to both the industrialized and the
            developing world. Infant mortality has fallen in both developed and developing countries
            by far more than 50 percent. Finally, we are much less sick than we used to be, not
            vice versa.
         

         
         
         This should not lead us to forget the problems still outstanding – the AIDS epidemic
            in southern Africa and the significant improvements that are still possible for the
            developing world. But basically, life and health on this planet have vastly improved.
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         5 Food and hunger

         
         
         “The battle to feed humanity is over. In the course of the 1970s the world will experience
            starvation of tragic proportions – hundreds of millions of people will starve to death.”412 This was the introduction to one of the most influential books on hunger, Paul Ehrlich’s
            The Population Bomb published in 1968. More than 3 million copies of the book have been sold.
         

         
         Ehrlich runs down what he calls the “professional optimists”: “They say, for instance,
            that India in the next eight years can increase its agricultural output to feed some
            120 million more people than they cannot after all feed today. To put such fantasy
            into perspective one need consider only …” 413, and Ehrlich presented a whole list of reasons why this could not be achieved. And
            sure enough, it turned out that the figure of 120 million did not hold water. Eight
            years later India produced enough food for 144 million more people. And since the
            population had grown by ‘only’ 104 million, this meant there was more food to go round.414

         
         From the same quarter Lester Brown, who later became president of the Worldwatch Institute,
            wrote in 1965 that “the food problem emerging in the less-developing regions may be
            one of the most nearly insoluble problems facing man over the next few decades.”415

         
         They were both mistaken. Although there are now twice as many of us as there were
            in 1961,416 each of us has more to eat, in both developed and developing countries. Fewer people are starving. Food
            is far cheaper these days and food-wise the world is quite simply a better place for
            far more people.
         

         
         Malthus and everlasting hunger

         
         It seems so obvious, though, that there being more people on the Earth should mean
            less food for each individual. This simple theory was formulated in 1798 by Reverend
            Thomas Malthus, an English economist and demographer. The argument was made remarkably
            popular in the 1970s by the best-seller Limits to Growth.417

         
         Malthus’ theory was that the population grows by a certain percentage a year – i.e.
            exponentially. The Earth’s population currently stands to double in about 40 years.
            So in 80 years’ time there will be four times as many of us and in 120 years eight
            times as many, etc. Food production grows more slowly – its growth is linear. It may
            double within 40 years but in 80 years it will only be three times the present level,
            and in 120 years only four times. The population will grow ever more rapidly while
            the growth in food supplies will remain constant. So in the long term, food production
            will lose its race against the population. Many people will starve and die.
         

         
         Malthus’ theory is so simple and attractive that many reputable scientists have fallen
            for it. But the evidence does not seem to support the theory. The population rarely
            grows exponentially, as we saw in the introductory section (Figure 11). Likewise, the quantity of food seldom grows linearly. In actual fact the world’s
            agricultural production has more than doubled since 1961, and in developing countries
            it has more than tripled. This means that there has been a steady growth in the amount
            of food available for each member of the population. According to the UN we produce 23 percent more food per capita than we did in 1961, and the growth in agricultural
            crops per person in developing countries has grown by as much as 52 percent.418 Equivalently, meat per person has grown by 122 percent from 17.2 kg in 1950 to 38.4
            kg in 2000.419 In spite of this dramatic increase in demand the price of food fell by more than
            two-thirds from 1957 to early 2001.420

         
         
         
         More food than ever

         
         Basically, we now have far more food per person than we used to, even though the population
            has doubled since 1961. It can be seen from Figure 23 that our calorie intake has increased by 24 percent on a global basis, and that developing
            countries have experienced a dramatic increase of 38 percent.
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         Figure 23 Daily intake of calories per capita in the industrial and developing countries and
            world. 1961–98. For prediction to 2030, see Figure 58 (p. 109). Source: FAO 2001a.
         

         
         
         The calorie figure is, nonetheless, an average. It is not unthinkable that the figure
            conceals the fact that some people live better lives while increasing numbers of others
            just manage or even starve. But here, as elsewhere, things are improving.
         

         
         According to the UN’s definition, a person is starving if he or she does not get sufficient
            food to perform light physical activity.421 Figure 24 shows the percentage of people starving in developing countries. Globally, the proportion
            of people starving has fallen from 35 percent to 18 percent and is expected to fall
            further to 12 percent in 2010 (see also chapter 9 in Part III).422 This should be compared to an estimated 45 percent of developing country people starving
            in 1949.423
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         Figure 24 Proportion of starving in percent, developing world by region, for 1970, 1980, 1991,
            1997 and estimates 2010. Note the slightly irregular intervals. Source: WFS 1996:1:
            Table 3, FAO 2000c:27.
         

         
         
         The proportion of children in the developing world considered to be undernourished
            has fallen from 40 percent to 30 percent over the past 15 years, and it is expected
            to fall further to 24 percent in 2020.424 Since 1970, the proportion of starving people has fallen in all regions, and it is
            set to fall even further for almost all regions.425

         
         It is remarkable that the fall in the proportion of people starving in the world should
            have come at the same time as the population of developing countries doubled. What
            is more astounding is that the actual number of people starving in the Third World has fallen. While in 1971 almost 920 million
            people were starving, the total fell to below 792 million in 1997 (see Figure 7). In 2010 it is expected to fall to 680 million.426 These figures are, of course, still frighteningly high, but it is important to emphasize that today more than 2 billion more people are not starving.427

         
         
         The improvement in absolute figures has, however, primarily been in Asia and is largely
            a consequence of China’s amazing ability to produce food.
         

         
         Lower prices than ever

         
         At the same time as the Earth accommodates ever more people, who are making demands
            for ever more food, food prices have fallen dramatically. In 2000 food cost less than
            a third of its price in 1957. This fall in food prices has been vital for many people
            in the developing world, especially the many poverty-stricken city dwellers.428

         
         The fall in the price of food is a genuine long-term tendency. The price of wheat
            has had a downwards trend ever since 1800, and wheat is now more than ten times cheaper
            than the price charged throughout the previous 500 years (Figure 25). The fall in prices was particularly marked in the post-war period and applied to
            more or less all major types of food (Figure 26). The only break in the fall in prices was in the 1970s, when the oil crisis led
            to heavy price increases in the short term. The increase in the price of oil meant
            that artificial fertilizers became more expensive and that the Soviet Union, a major
            oil exporter, was able to buy cereals for its domestic meat production.429
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         Figure 25 Wheat price index, England 1316–2000 (Exeter 1316–1820, England and Wales 1771–1980,
            United Kingdom 1966–99). Source: Mitchell 1988:752–8, MAFF 2000:5:4, 2001: 30, FAO
            2000, UK CPI 2000, 2001.
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         Figure 26 World Bank price index for foodstuffs. 1957–2000, 2000 = 1. Source: IMF 2001a.
         

         
         Since prices reflect the scarcity of a product, foodstuffs have actually become less
            scarce during this century despite the fact that the population has more than tripled
            and demand increased by even more.430

         
         The Green Revolution

         
         One cannot help asking oneself how development can possibly have been so good. The
            answer is to be found in a number of technologies which are collectively known as
            The Green Revolution.431

         
         
         The Revolution consisted primarily of

         
         
         •   High-yield crops

         
         •   Irrigation and controlled water supply

         
         •   Fertilizers and pesticides

         
         •   Farmers’ management skills.

         
         
         The secret of the Green Revolution was to get more food out of each and every hectare
            of soil. The vision was that of Norman Borlaug, who later received the Nobel Peace
            Prize for his work on high-yield varieties of crops. In his laboratories in Mexico
            attention was focused in particular on the major types of cereals: rice, corn and
            wheat. Characteristic of these modern varieties is that they germinate earlier in
            the year, grow faster and are more resistant to disease and drought. They often have
            shorter stems than the old varieties so that most of the plants’ sustenance ends up
            in the grains.
         

         
         The fact that the plants germinate earlier and grow more quickly means that in many
            parts of the world it is possible to harvest two or three crops a year. Rice no longer
            takes 150 days to mature and many varieties can do so in as little as 90 days.432 At the same time, it is possible to cultivate crops in large areas where climate
            conditions are less favorable. For example, modern corn can be grown in an 800 km
            wider belt around the Earth, which has been a boon to countries like Canada, Russia,
            China and Argentina.433 Wheat has become resistant to most diseases, such as mildew and rust, which means
            a lot in developing countries where farmers often cannot afford pesticides.434 The new varieties of wheat now account for almost 90 percent of production in developing
            countries.435

         
         Since 1960, the new varieties have led to a 30 percent plus increase in maximum yields
            and are responsible for 20–50 percent of the total, increased productivity.436 For farmers in the developing world this also means more money – new varieties are
            estimated to give farmers an additional income of almost four billion dollars each
            year.437

         
         In fact it is not only varieties of grain that have been improved. Chickens and pigs
            produce more than twice as much meat as they did 60 years ago and cows produce twice
            the amount of milk. With genetic enhancement and modern fish farming, the Norwegian
            salmon has since the early 1970s also become twice as productive.438

         
         Irrigation and water control (e.g. building dams) have become more widespread, the
            proportion of irrigated fields having almost doubled from 10.5 percent in 1961 to
            over 18 percent in 1997.442 Irrigation renders the soil far more fertile – it has enabled the Egyptians to get
            almost twice the wheat yield of the average developing country.443 Irrigation also makes it possible to harvest two or three times a year. This is why
            irrigated land contributes as much as 40 percent of the Earth’s food – even though
            it only accounts for 18 percent of the total agricultural land mass.444 The growth in the use of irrigation has been constant in absolute hectares but is,
            therefore, slightly declining relatively, partly because of an incipient water scarcity
            in many regions (see chapter 13) and partly because of a general fall-off in the demand for food.
         

         
         Finally, the increased use of fertilizers and pesticides has made it possible to improve
            plant growth and not lose such a large proportion of crops to disease and insects.
            Almost a third of the Asian rice harvest was eaten by insects in 1960!445 The use of fertilizer has increased almost nine-fold since 1950 (see Figure 3, and Figure 106), and although there has been a slight reduction in global consumption because of
            the Soviet Union’s agricultural reforms and later collapse, important countries like
            China and India still use more fertilizers.446

         
         The Green Revolution represents a milestone in the history of mankind. The ensuing
            fantastic increase in food production has made it possible to feed far more people.
            Overall, the Green Revolution has meant a tremendous increase in production per hectare
            as regards all traditional crops. From Figure 27 it can be seen how the developing countries have experienced an increase in productivity
            as regards the three most important crops: rice, wheat and corn. Rice production has
            increased by 122 percent, corn by 159 percent and wheat by a whopping 229 percent.
            And they still have quite a way to go before they reach the same levels as the industrialized
            world.447
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         Figure 27 Yield in tons per hectare of rice, corn and wheat in developing countries, 1960–2000.
            Source: USDA 1998, 2000a, 2001, FAO 2000.
         

         
         
         
            
            RELATIVE OR ABSOLUTE IMPROVEMENT?

            
            When we look at a problem such as hunger or a shortage of pure drinking water, the
               question often arises as to whether we should use absolute or relative figures.
            

            
            It is naturally a good thing for the number of people starving to have fallen both
               in absolute figures and as a percentage. Similarly, it would certainly be bad if both
               the number and the percentage had increased. But what if one figure increases and
               the other decreases?
            

            
            My way of understanding this problem in moral terms involves setting up an ideal, moral choice situation.439 The idea is to imagine the problem from the point of view of an individual who must
               choose in which society he or she wants to live. The point is that the individual
               does not know his or her position in society (a sort of “veil of ignorance”). This
               ensures the universality of the moral evaluation.440

            
            For the sake of argument, let us say that there are only two types of people – those
               who die of starvation and those who survive.441 We can thus describe society A and society B:
            

            
            

            
            A.   A world in which 500,000 die of starvation out of a population of 1,000,000.

            
            B.    A world in which 750,000 die of starvation out of a population of 2,000,000.

            
            

            
            In society B, the absolute figure has increased but the relative figure has fallen.
               To me the obvious choice in this situation is that society B is better than society
               A (although a society without death would naturally be preferable). My risk of dying
               (of hunger) in society B is 37.5 percent, against 50 percent in society A. My argument,
               then, is that the relative figure is the more important in a comparison, in which
               the absolute and relative figures point in opposing directions.
            

            
            One can naturally criticize this choice on moral grounds, and argue that the society
               with the lowest absolute figure is the best (i.e. that A is better than B). But a
               view such as this meets a significant challenge in the form of yet another hypothetical
               society:
            

            
            

            
            C. A world in which 499,999 people die of starvation out of a population of 500,000.

            
            

            
            In this situation the absolute point of view has the substantial weakness that it
               would also prefer society C to society A. Very few people are likely to see this as
               the right choice.
            

            
            Therefore, when the absolute and the relative figures each points in its own direction,
               the relative figure will probably be the more morally relevant way to evaluate whether
               mankind’s lot has improved or deteriorated.
            

            
         

         
         One sometimes hears that the use of pesticides and intensive farming methods are harmful
            to the environment. But what alternative do we have, with more than 6 billion people
            on Earth? If we abandoned intensive cultivation and the use of pesticides, farmers
            would either need far more space to grow the same quantities or end up producing far less food.448 So they would either have to take over more of the surrounding countryside449 or we would end up with more hungry souls among us. Yet, this discussion of risks
            from fertilizer and pesticides is clearly important, and we will look into it in much
            more detail in chapters 19 and 22.
         

         
         Finally, the new “designer” varieties of crops offer greater resistance to disease,
            thereby reducing pesticide consumption, while at the same time having improved uptake
            of nutrients, thus reducing the overap-plication of fertilizer.450

         
         
         Regional distribution: Africa

         
         Improvements in the provision of food per capita have not been evenly distributed
            throughout all regions of the world. We can see from Figure 28 that there has been a solid increase in Latin America, while Asia and the Near East
            have experienced fantastic increases of 42 percent and 51 percent, respectively.
         

         
         Unfortunately, this improvement has not been shared by sub-Saharan Africa. Although
            some progress has been detectable in recent years, basic development has not been
            forthcoming. What is going wrong in Africa? What can we do?451

         
         In the early 1960s most of the countries in sub-Saharan Africa were at the same level
            of development as Asia or even higher. Over the last 30 years, however, Asia has achieved
            an astounding improvement in productivity, whereas sub-Saharan Africa has been marking
            time. Today Asia uses an average of 129 kg of fertilizer per hectare, while in sub-Saharan
            Africa only 11 kg per hectare are being spread on the land. Actually, even the present
            agricultural production in Africa is depleting more than 30 kg of nutrients each year,
            because of a lack of chemical fertilizer.452 Irrigation is used on 37 percent of cultivated areas in Asia compared to only 5 percent
            in sub-Saharan Africa.453
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         Figure 28 Calories per capita per day for various regions, 1961–98. Source: FAO 2001a.
         

         
         
         These are some of the reasons for the food situation in Asia today being considerably
            better than that in sub-Saharan Africa. But at the same time it is important to note
            that, by increasing its use of fertilizer and irrigation, sub-Saharan Africa has great
            potential for increasing the amount of food it produces. Numerous local farming schemes
            run by the FAO have shown that it is also possible in practice to increase agricultural
            production substantially in sub-Saharan Africa. A scheme in Eritrea, a country still
            suffering from widespread food shortage after 30 years of civil war, has succeeded
            in doubling production with the help of improved seed grain, the correct use of fertilizers
            and improved irrigation.454 This has helped local peasants to become self-sufficient.
         

         
         Similarly, countries like Burkina Faso have managed to break out of stagnation and
            achieve 25 percent growth in calories per inhabitant in just ten years. Despite the
            country’s exposed position, this has been achieved by carrying out reforms aimed at
            boosting investments in agriculture and removing price ceilings, which deter peasants
            from producing more.455

         
         Africa’s peasant farmers have great potential to produce far more food. According
            to the FAO, “it is entirely possible to reverse the production trends and safeguard
            the food security of the increasing population of the region.”456 Why, then, has this not already happened? In a surprisingly frank statement the UN
            states that “it is not the resources or the economic solutions that are lacking –
            it is the political momentum to tackle poverty head-on.”457 According to the UN, an improvement in the food situation depends first and foremost
            on political obligations to secure and protect the economic, social and political
            rights of the poor. Securing land and the right to own property, access to money markets,
            effective health authorities and better education are therefore the most important
            ingredients in the fight against starvation and poverty.
         

         
         However, since decolonization in the late 1950s, sub-Saharan Africa has been plagued
            by political and economic instability, where civil and ethnic conflict have been more
            the rule than the exception.458 Added to this, the region has been plagued by corruption, inadequate infrastructure,
            poor education and politically fixed farm prices, all of which have hampered agricultural
            development. The result of this is the difficult food situation in which sub-Saharan
            Africa finds itself today. It is therefore vital for sub-Saharan Africa that we actively
            support policies which secure economic and political reform, thereby enabling the
            region to start feeding its own population. It does now look as though sub-Saharan
            Africa is pulling its way out of long-term stagnation. In 1998, after 15 years of
            growth lower than the rate of increase in the population, the economies of sub-Saharan
            Africa saw their fourth consecutive year of growth above the population increase,
            and with further acceleration in growth in 2000 after a slowdown due to the Asian
            crisis, it is now clear that this was the result of sensible economic and political
            initiatives.459

         
         Regional distribution: China

         
         Nutritionally, the development in the world’s most populous state, China, has been
            fantastic.460 China now manages to feed over one fifth of the world’s population from one fifteenth
            of the world’s farmland. After it took over power in 1949 the Communist Party initiated
            a massive industrialization process based on cheap labor, price ceilings for the peasants,
            and food rationing. This policy posed problems for agriculture, and between 1959 and
            1962 China experienced catastrophic starvation and almost 30 million people died (Figure 13).
         

         
         This encouraged the country to join the Green Revolution with a vengeance. High-yield
            crops, irrigation and fertilization were introduced. Despite this effort the Chinese
            did not experience any noticeable improvement in prosperity. The problem was that farm productivity remained low because collective
            organization did not give people the incentive to work.
         

         
         The crucial change occurred when the Chinese leadership initiated economic reforms
            in the late 1970s. These paved the way for higher prices and greater flexibility.
            Equally significant was the fact that they now allowed people to own property and
            sell goods: China’s production potential was set free and it experienced a drastic
            increase in production.461 While the population grew by 1.3 percent a year from 1979 to 1984, agricultural production
            increased annually by as much as 11.8 percent. The FAO estimates that at least half
            this growth can be accredited to private plots of land. Since 1978 the value of farm
            production has doubled, a great benefit to China’s more than 800 million peasants:
            rural incomes increased by a good 15 percent a year and the proportion of poor people
            has fallen from 33 percent to 12 percent. At the same time the number of people employed
            in agriculture has fallen from almost four out of five to just every other person.462 As a result, the population now has far more to eat. The proportion of people who
            face starvation has fallen by three-quarters and Chinese children are today taller
            and weigh more, a clear indicator of improving nutritional standards.463 Most impressive perhaps is that China, from having a regular starvation-level diet
            of around 1,500 calories per capita in the early 1960s has experienced an almost doubling
            to 2,973 calories per capita in 1998.464

         
         Conclusion 
         

         
         “The battle to feed mankind is over.” The food problem in the developing world represents
            a “nearly insoluble problem.” We have been told for ages that it will end in disaster.
            That we can’t feed the world. But the doomsday vision has nothing to do with reality.
            On practically every count, humankind is now better nourished. The Green Revolution has been victorious. Production in the developing
            countries has tripled. The calorie intake per capita has here increased by 38 percent.
            The proportion of starving people has fallen from 35 percent to 18 percent and today
            more than 2 billion more people do not go hungry.
         

         
         There is, however, still a lot to be done in the future. Africa needs to get back
            on its feet and to produce far more food. But as we have seen, this is possible for
            agriculture; the problems primarily lie with stifling political and economic conditions.
            We have an obligation to ensure that these conditions are improved by means of international
            cooperation. China is a good example of how this can be done. From being a poor, backward
            country in the 1950s, China has, by investing in modern production and privatization,
            achieved fabulous growth – from a state of hunger and malnutrition to comfortably
            feeding a fifth of the world’s population.
         

         
         However, before 2050 the world will have 3.3 billion more mouths to feed. Will it
            be possible to secure them all enough to eat? Both Ehrlich and Brown keep on telling
            us that food production is going down the tubes – now we will see the onset of disaster. Lester Brown tells us that food production now
            “is experiencing a massive loss of momentum.”465 In Part III we shall see that they are still mistaken.
         

         
         
         
            
            IS INFLATION-ADJUSTED GDP A REASONABLE MEASURE OF WEALTH?

            
            Getting a general view of the wealth of a nation poses a number of problems. The most
               frequently used tool for its measurement is GNP, the gross national product, or GDP,
               the gross domestic product, because these figures are easily obtainable in most countries
               and for long periods of time.466 Pedantic economists might tell you that one ought to use slightly different figures,467 but in reality there is little difference.
            

            
            It leaves out moonlighting and the work of women

            
            Even so, using GDP as a measure of wealth presents us with some fundamental problems.
               First, GDP does not include production which takes place outside the formal marketplace.
               If we build our own carport or repair the gutters on our house, this is not registered
               in the national accounts. Most of the work outside the market is done by women because,
               particularly in the Third World, they cook and take care of the children and the home
               without this production being registered anywhere. The UN estimates that as much as
               one-third of the global production is informal, and that women are responsible for
               more than two-thirds of it.468 Similarly, GDP does not take into consideration the underground economy. When people
               moonlight this does not get included in the national accounts. By definition the shadow
               economy cannot be measured precisely, but estimates indicate it constitutes about
               9 percent for the US, 13 percent for the UK, and 17 percent for the entire OECD. The
               figures for the developing countries are much higher – the shadow economy in Nigeria
               is approximately three-quarters the size of the official GDP.469 At the same time GDP includes all measurable costs. This means that it also takes
               into account costs which definitely do not make us wealthier: the treatment of accident
               victims and disease, commuting costs from increasing distances between home and work,
               and taking care of environmental problems.470 GDP automatically gets higher in cold countries, because people spend more money
               on heating than they do in warmer climates.471

            
            These problems obviously make it more difficult to use GDP as a measurement of actual
               wealth. One can argue, nonetheless, that GDP is a reasonable indicator of wealth.
               A Danish survey attempted to use a more accurate indicator, but the result differed
               only slightly from the national statistics.472 Furthermore, GDP is normally used not for the sake of the actual figure, but to enable
               comparison with other GDP figures for earlier periods or other nations.473 In fact the same Danish study also attempted to compare development over the past
               20 years, and once again it could be seen that the result obtained using the more
               accurate wealth indicator differed only slightly from traditional consumption figures.474

            
            Problems over an extended period

            
            Even so, problems do arise when using GDP as an expression of wealth over an extended
               period, because with development the size of both the hidden and the illicit economies
               is gradually declining. As women join the labor market, more and more of their tasks
               become part of the formal economy and are therefore registered as part of the GDP
               figure. The fact that our children are now looked after by paid nursery assistants
               and our homes are cleaned by commercial service companies gives the statistical impression
               that we have become richer than we actually have.
            

            
            For this reason one must expect that GDP accounting will tend to overestimate growth.
               But there is also an opposing tendency to underestimate growth, a topic greatly discussed
               in recent years. When we compare the amount of money earned during different periods,
               the figures must be corrected to account for inflation. This is frequently done using
               a so-called consumer price index (CPI), which tells us, for example, how much a dollar in the past is worth today. A dollar
               in 1913 could purchase what $17 can today.475
               
               So when the average American made $511 in 1913, the consumer price index tells us
               that in 2000 terms this would be equivalent to $8,887.476 The problem is, however, that this price index is extremely difficult to calculate
               correctly since goods do not simply get more expensive because of inflation or cheaper
               because of industrialization and mass production. The same article also gets better, something it is extremely difficult to compensate for in an economy that changes
               rapidly.477 VCRs, microwave ovens and personal computers have got cheaper and better, and offer
               far greater functionality, but they were first included in the index a decade or more
               after they had penetrated the market and fallen 80 percent or more in price.478 Consequently, the CPI will tend to underestimate the improvement in VCRs and thus
               to overestimate inflation.479

            
            However, actually measuring how much better VCRs and other goods have become has proved to be an almost impossible
               task. Yale economics professor William Nordhaus has tried to estimate the decline
               of the actual cost of light from prehistoric fire to Babylonian lamps to town gas,
               and electric lamps to the new fluorescent light bulbs, while comparing it to the CPI
               estimates. Over the last 200 years, the CPI index seems to have missed a large part
               of the quality improvements, to the extent that today’s CPI-adjusted light price is
               more than 1,000 times higher than the true price.480 Nordhaus argues that this result holds true not just for lighting but for a large
               number of other revolutionary goods and services, making up about 30–70 percent of
               all income. Thus, a traditional CPI analysis of American income over the past 200
               years has possibly underestimated the true income improvements by anywhere from 300
               to 1,500 percent.481 The American Boskin Commission has estimated that the CPI has overestimated inflation
               by a little over 1 percent a year, or approximately 30 percent over the last 25 years.482

            
            Thus, we found earlier that GDP over time tends systematically to overestimate wealth,
               due to the progressive inclusion of the informal and illicit economy. Now we also
               see that growth measured in terms of GDP is systematically and substantially underestimated when corrected for inflation. This allows us to conclude that GDP
               measurement probably provides a reasonable impression of wealth and will over a period
               of time be not over-optimistic, but rather the contrary.
            

            
         

      

   
      
      
         
         
         
         [image: ]

         
         6 Prosperity

         
         
         During the last couple of hundred years we have become much richer than in all previous
            history. This can be measured in many ways(and we shall look at some of these below),
            but the most obvious of these is to look at the available production per capita. This
            provides us with a measurement of how much an average individual can buy.483 Figure 29 gives an estimate of the global development in GDP per capita over the last 2,000
            years. After an almost constant $400 throughout most of human history, we passed the
            $700 line in 1800, and 200 years later we were on average more than eight times richer.484
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         Figure 29 Estimated global GDP per capita 0–2000 CE. The estimate also extends backwards (with
            very little change) to 1,000,000 BCE. The little break is the 1930s depression. Source:
            DeLong 2000a.
         

         
         If we look at Figure 30 we can see that there has been a 36-fold increase in per capita American production
            since 1789,485 and a similar 20-fold British increase since 1756. In 2000 the US economy produced
            goods and services for an average American at the value of $36,200; at the end of
            the eighteenth century, an American would have made just 996 present-day dollars.486 The average Briton had £15,700 in 2000 compared to just 792 present day pounds in
            1756.
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         Figure 30 UK (1756–2000) and US (1789–2000) GDP per capita in constant 2000$ and 2000£ at the
            2000 exchange rate (£/$=1.52, HM Treasury 2001:16). Source: UK: 1756–1846: Floud and
            Harris 1996:55, 1830–1975: Flora et al. 1983:366–9,1960–97 World Bank 1999a, 1975–99:
            HM Treasury 2000:4, 2001:4, ONS 2001d, UK CPI 2001. US:1789–1988: Mitchell 1993: 748,
            749, 753, 761, BEA 2000, 2001, CPI 2001.
         

         
         
         This development is not unique to the US or the UK. In Figure 31 we can see that all regions of the world have experienced substantial per capita
            growth although it has not been equally pronounced throughout:Western Europe has seen
            a 13-fold improvement, the European Periphery ninefold, Latin America sevenfold, Asia
            eightfold and Africa fourfold.
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         Figure 31 GDP per capita 1985 US$ for regions of the world, 1820–1989. West European Core includes
            the central capitalist countries such as Britain, Germany, France and the USA. European
            Periphery encompasses countries such as Greece, Ireland, Spain and the Soviet Union.
            Source: Maddison 1994:22–3.
         

         
         Development got a head-start in the Western world and so is that much farther ahead.487 But both industrial and developing countries experienced fantastic, uniform improvements
            in income per capita in the post-war years. Throughout the entire period the inhabitants
            of the industrialized world earned around six times as much as their counterparts
            in developing countries.488 Figure 32 shows, that from 1950 to 1995, average incomes in the industrialized countries increased
            by 218 percent while those in developing countries rose by 201 percent.
         

         
         During the period as a whole, developing countries have seen annual growth rates of
            4.2 percent whereas industrialized countries have had just 3.2 percent. The developing
            countries did not, however, start to catch up on the industrialized world because
            their populations at the same time grew at a higher rate.
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         Figure 32 GDP per capita for the developed and developing world in 1985 PPP$, 1950–95. Note
            the differing values on the axes. Source: Summers and Heston 1991, 1995, World Bank
            1997.
         

         
         Poverty and distribution

         
         We often believe life in the developing world is deteriorating and that the proportion
            of poor people is increasing, but the evidence clearly shows the opposite. In fact
            the UN writes in its 1997 report on poverty and inequality: “Few people realize the
            great advances already made. In the past 50 years poverty has fallen more than in
            the previous 500. And it has been reduced in some respects in almost all countries.”489 Similarly, the World Bank wrote in 1998:
         

         
         Fantastic progress has been made in reducing poverty in developing countries. During
            the last four decades the social indicators have improved in all regions. In the past
            two decades, poverty has been drastically reduced in East Asia: from six out of ten
            living on under a $1 a day in the mid-1970s, to two out of ten in the mid-1990s. there
            has also been a reduction in poverty during the last few years throughout most of
            southern Asia and parts of the Middle East, North Africa and Latin America.490

         
         The UN emphasizes that this progress has been general:

         
         
         The accelerated progress in reducing poverty in the 20th-century began in Europe and
            North America in the 19th-century – in what can now be seen as the first Great Ascent
            from poverty and human deprivation. The ascent started in the foothills of the Industrial
            Revolution, with rising incomes, improvements in public health and education and eventually
            programs of social security …
         

         
         The second Great Ascent started in the 1950s in the developing countries. The end
            of colonialism was followed by improvements in education and health and accelerated
            economic development that led to dramatic declines in poverty. By the end of the twentieth-century
            some 3–4 billion of the world’s people will have experienced substantial improvements
            in their standard of living, and about 4–5 billion will have access to basic education
            and health care.491

         
         It is important not to forget that the developing countries’ situation has much improved. They have become much more affluent, tripling their real per capita income.
         

         
         However, both the World Bank and the UN emphasize that there is still a long way to
            go: “Despite this progress, however, much remains to be done.”492 In 1987, 1.18 billion people lived on less than one 1985-dollar a day (565 current
            dollars a year), which is the World Bank’s poverty line.493 This number increased in the early 1990s to 1.3 billion, only to decline again towards
            the end of the decade – in 1998 the number of poor people was again down to 1.2 billion.
            Because of the concurrent population increase, the percentage of poor in the Third
            World has declined from 28.3 percent in 1987 to 24 percent in 1998.494 These data are presented in Figure 33, alongside historical estimates from 1950. Here it is evident that although the total
            number of poor has remained at about the same number (1.2 billion), the proportion
            of poor people has been more than halved from around 50 percent in 1950.495 Thus, over the past 50 years, some 3.4 billion more people have become not-poor.496

         
         The question, of course, is what it actually takes to achieve growth, and what consequences
            growth will have for the distribution of wealth. Generally speaking, research has
            shown that the best way to secure long-term growth lies in large-scale investment
            in physical capital (e.g. machinery) and people (education). In addition to this,
            it is necessary to have an open economy in order to facilitate international trade,
            investment and economic freedom, because this encourages the exchange of technology
            and administration. Finally, reasonable stability, both economic and political, is
            also a prerequisite.497
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         Figure 33 Proportion of people in poverty, 1950–98, with various definitions of poverty and
            inclusiveness.502 Sources: World Bank 1999b:5, 2001a:23, Barry et al. 1983:341, 1991:73, 77, Grigg 1985:69.
         

         
         It has often been pointed out that the historic consequence of economic growth seems
            to have been that inequality initially increased, then stabilized, later to fall as
            the country gradually got richer. This pattern is know as the Kuznets curve.498 One of the reasons for this sequence of events was that industrialization, the driving
            force of growth, also led to the advent of large cities, where inequality is often
            greater than in rural areas.
         

         
         In terms of the Kuznets curve, it is development that gives rise to inequality. However,
            new research seems rather to indicate that it is inequality that has a negative effect
            on development and growth.499 A typical example of this is found in Korea and the Philippines, which in 1965 shared
            more or less the same GDP per capita, population, degree of urbanization, education,
            etc. However, inequality was substantially more extreme in the Philippines. Subsequent
            growth in Korea was far greater: 6 percent annually compared with the Philippines’
            2 percent.500 This view is also supported by the UN, according to which the countries that have
            achieved the highest growth have “emphasized not just the extent of growth but also
            its quality. They have secured their citizens a degree of justice and improved health,
            education and work.”501

         
         Ever greater inequality?

         
         The UN Development Programme (UNDP) emphasizes that inequality has increased globally.503 Inequality is usually measured in terms of what is known as the gini coefficient.
            When the coefficient is close to zero, almost everyone has just as much as each other;
            if the coefficient is close to one, then practically everything is owned by just a
            few. The gini coefficient tells us something about how much the very rich have compared
            to the very poor.
         

         
         The UNDP has presented a simple gini coefficient, which investigates the relationship
            between the richest 20 percent of all nations in the world and the poorest 20 percent.
            In terms of GDP per capita the ratio in the 1960s was around 30:1, i.e. the richest
            20 percent earned 30 times as much as the poorest 20 percent. By 1991 the ratio had
            increased to 61:1, and in 1994 to 78:1. This widely quoted statistic is interpreted
            as “the global chasm between the rich and the poor widens day by day.”504

         
         The problem with the UNDP figures, however, lies in using international exchange rates
            as a means of comparing different nations’ GDP. Economists have long known that as
            countries get ever richer they tend to have ever higher price levels.505 The reason is that economic growth is primarily fueled by productivity increases
            in manufacture and not in service – over a decade, we can easily imagine producing
            twice as many gadgets per hour of labor, while it is hard to imagine, say, a butler
            becoming twice as productive per hour. When productivity in manufacture increases,
            so does pay, and this forces up wages in the service sector, although this has not
            become more productive. Since manufacture makes up the greatest part of international
            trade, the wage increases in the nontraded service sector do not much affect exchange
            rates.
         

         
         Thus, while the wage increases in manufacture adequately reflect a country’s increased
            wealth, the wage increase in service does not. So if we try to compare the wealth
            of an American with the wealth of an Ethiopian, translating everything into dollars,
            we measure both that Americans produce more gadgets (true wealth) but also that butlers
            cost much more (illusory wealth from an inflated price level). The upshot is that
            the comparison tends to overestimate hugely the relative wealth of Americans to Ethiopians.
         

         
         To put it differently, when you translate the Ethiopian birr into dollars it says something about what an Ethiopian can buy in the US, but this
            comparison is seldom relevant. What is far more important is how much an Ethiopian
            can buy in Ethiopia. To measure this, the UN initiated a research program to establish
            an index of Purchasing Power Parity, or PPP, i.e. measuring what people’s money can
            actually buy locally.506 In a light-hearted vein, the weekly news magazine The Economist has tested the PPP index by producing its own Big Mac index. This shows how much a
            standardized product such as a Big Mac costs in different countries and the result
            is actually surprisingly close to the PPP index.507 To an Ethiopian, the difference is enormous: a traditional exchange rate calculation
            says that he earns US$100 a year, whereas the PPP-calculation estimates his income
            at $450.508 If we are interested in knowing the actual wealth of the Ethiopian it seems much more reasonable to say that he earns
            $450 in terms of his own local purchasing power.
         

         
         
         The PPP measure is now generally seen as superior to exchange rate comparisons by
            most international agencies, and economists see its use as a “substantial improvement”
            and as setting a new “industry standard.”510 Actually, UNDP has made great efforts in the rest of their program to use PPP$ in
            evaluating the per capita incomes of individual countries.511 Thus it seems remarkable that, when UNDP estimates inequality, it has chosen exchange
            rate based wealth, when this is known to make for unreliable comparisons that will
            greatly exaggerate inequality. However, if you measure the true inequality in PPP$
            (how much an Ethiopian can buy in Ethiopia versus how much an American can buy in
            the US), you get Figure 34. This shows that the relative gap between the richest and poorest 20 percent or richest
            and poorest 30 percent has not doubled or even increased but rather been slightly
            decreasing. This finding is broadly consistent with other studies of PPP$ inequality.512 This is a convincing sign of robust development on the part of even the weakest part
            of the world towards greater material prosperity.
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         Figure 34 Relationship between the richest and poorest 20 percent and 30 percent in the world
            in terms of per capita GDP in PPP$, 1960–97. Source: Summers and Heston 1991, 1995,
            World Bank 1999a.509

         
         
         On a longer time scale Figure 35 shows the development in inequality from 1820 to 2100. Inequality increased dramatically
            from a little more than two (people in the developed countries having just slightly
            more than twice the income of people in the developing countries) in 1820 to an all-time
            high in the 1960s of almost 7. This increase was primarily caused by the rapid increase
            in per capita income from the industrial revolution in the developed world, whereas
            income only increased slowly in the developing world.513 Basically, the industrial revolution boosted growth rates, and rising inequality
            happened because the developing world was left behind.514
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         Figure 35 Ratio of per capita income in developed to developing world, 1820–2100, in PPP$.
            Actual OECD data for 1820–1992, predictions for 1990–2100 based on the six main scenarios
            from the UN Climate Panel. Source: Maddison 1995a:226–7, IPCC 2000b.519

         
         From the 1950s onwards the developing world increasingly caught up with high economic
            growth, and from 1970 to 1992 the growth per capita actually outpaced the developed
            world, making inequality decrease from almost 7 to less than 6.515 As in Figure 34, this find also indicates that globally we now see a tendency towards less inequality.516

         
         It is naturally difficult to predict precisely the future of inequality. We can, however,
            get a feel for the anticipated development by looking at the scenarios from the UN
            Climate Panel, which explicitly try to cover a wide range of key future characteristics
            for the rest of the twenty-first century.517 In Figure 35 we see that all six main scenarios show a market decline in global inequality; the most pessimistic
            scenario show an almost halving of the inequality from a little less than 6 in 1990
            to a little more than 3 in 2100, whereas the most optimistic scenarios show an almost
            eradication of inequality down to 1.4 (where people in the developed world earn just
            40 percent more than people in the developing world). Thus, not only has inequality
            been decreasing over the past three decades but there is good reason to expect that
            this tendency will continue throughout much of the century.518

         
         Finally, in discussing inequality, we should mention how Worldwatch Institute and
            UNICEF, to name but two, like to point out that the difference in dollar terms between
            rich and poor has been increasing.520 But this is a mathematical necessity. When the rich and the poor by definition start
            out from different levels of wealth and when the improvement per year in percent has
            been almost identical (as we saw above in Figure 32), then the absolute difference between rich and poor has, of course, increased. The
            ratio in per capita income between the top 20 percent and the bottom 20 percent has
            been more or less constant since 1960. If we nevertheless want to follow the Worldwatch
            Institute in measuring absolute income and say that disparity has increased dramatically
            then we should contemplate whether we would say the same about the distribution of
            incomes in, say, the UK or the US.
         

         
         In 1800 the distribution of income in the UK was probably more skewed than it is today.521 Back then the poorest 20 percent were at most making 300 present-day pounds a year,
            compared to the 20 percent richest’s £1,650.522 Today the poor make about £5,500 and the rich £30,000. Now the ratio of rich to poor
            has declined slightly, and economists would say that inequality has diminished.523 However, using the Worldwatch argument, inequality has increased more than 18-fold
            from £1,350 to £24,500. Does this make sense? Would we really believe that the poor
            are 18 times worse off today? Or to put it differently, even if the distribution in
            the UK today was the extremely level £14,000 for the poor and £16,000 for the rich,
            would we still seriously claim that inequality had increased (from £1,350 to £2,000)?524

         
         Thus the general conclusion remains, that most people in both the industrialized and
            the developing worlds have experienced considerable growth in their real incomes,
            averaging a tripling over the last 45 years, and that inequality peaked in the 1960s,
            has been decreasing since then and is likely to continue to decrease dramatically
            for the coming century.
         

         
         A question remains, though. Has everybody actually benefited from this growth?

         
         Poorer still?

         
         The most recent and much discussed growth crisis took place in East Asia in 1997/8,
            where high capital inflows combined with weak private and public sector governance
            created a vulnerable economic environment, which was then triggered by external shocks
            and spread through the strong capital linkages in the region.525 Likened to the Latin American debt crisis of the 1980s, it nevertheless proved short-lived;526 in the words of the International Monetary Fund, October 2000: “The slowdown in global
            activity in 1998 was shallower than previous troughs and has been followed by a rapid
            recovery… . The rebound from the crisis of 1997–98 is continuing in Asia, with growth
            projected to rise from 6 percent in 1999 to more than 6½  percent in 2000 and 2001.”527 Of the five worst-affected nations, Korea and the Philippines had already returned
            to their pre-crisis GDP levels in 1999, and it is projected that Malaysia will do so in 2000, and Thailand in 2001, whereas the hardest-hit Indonesia might take
            until 2003.528 Thus, while the financial crisis certainly had serious costs, it did not permanently
            reverse growth.529

         
         In a more serious vein, the UNDP stated in its 1996 development report that almost
            1.5 billion people are living in countries where the average income is lower in the
            nineties then it was in at least one previous decade.530 This is, of course, serious, as it means that large segments of the developing world
            are not enjoying the benefits of global growth. It is, however, important to note
            that many of these countries have recently experienced economic or political crises,
            or even been in a state of war. So perhaps it is not quite so surprising that the
            current economic situation in some of these countries seems worse.
         

         
         There are four primary problem regions among the many countries singled out by the
            UNDP. The first group is the 200+ million population of the former Soviet Union (now
            CIS), with the Russian Federation as its leading member.531 Since the beginning of “the shock reforms” in 1992, Russian industrial production
            has fallen by almost 50 percent and income by 40 percent, and prices have increased
            by over 2,500 percent. Because of tight state finances, the social safety net has
            been substantially weakened – 44 percent of the population live below the local poverty
            line of only PPP$4 a day.532 After slight GDP growth in 1997 – the first since 1990 – Russia was hit by another
            crisis in August 1998, causing yet another drop in production, and only in 1999 has
            growth returned at 3.2 percent.533 Although much of this growth was achieved through high prices on energy exports and
            low imports, real increases in production are now prevalent, with growth at 7 percent
            in 2000 and a forecast 4 percent for 2001.534 Growth for the coming decade of the CIS area is estimated by the World Bank at an
            annual 2.6 percent.535 Nevertheless, such long term growth depends on a Russia which still needs to tackle
            its fiscal and structural problems, and with its weak political showing so far, only
            limited progress has been made.
         

         
         
         The second group is made up of the Latin American countries (with the exception of
            Chile). Brazil, with a population of 174 million,536 is a good example. With double-figure growth figures, Brazil was a “miracle economy”
            in the 1960s. However, because of poor administration of the country’s public finances
            and a tradition of powerful political intervention in the economy, a substantial government
            deficit has developed. At the same time, indexation of wages and tight controls on
            currency exchange contributed to extreme inflation, reaching 5,000 percent in early
            1994. After introduction of the new currency, the real, and tight monetary policy, there now seems to be a potential for more stable development.
            Although growth is still sluggish, GDP per capita in the late 1990s has consistently
            exceeded earlier output, as is evident in Figure 36.537
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         Figure 36 Per capita real local currency GDP in Brazil and Mexico, 1960–2001, per capita GDP
            in real PPP$ for sub-Saharan Africa, 1950–92. Index=1 at 1990. Source: World Bank
            1999a, IMF 2000e, WRI 1996.
         

         
         
         Mexico, with a population of 101 million,538 is a similar example.539 A large financial deficit, high interest rates to keep inflation under control plus a revolt in the
            Chiapas region in 1994 led to the collapse of the peso and tighter financial and monetary policy. Mexico seems, however, to have made it,
            with per capita growth rates of 2–5 percent in 1999–2001.540 Mexico has also been strengthened by its reforms and the country has opened up to
            competition. In 2000, the real per capita income was again higher than the previous
            maximum in 1981 (Figure 36).
         

         
         The third group consists of the many oil-producing nations, which between the onset
            of the oil crisis and the mid-eighties earned a lot of money on the high price of
            crude oil. Unfortunately, most of the revenue was spent on consumption and now with
            much lower oil prices (the latest increase from 1999 notwithstanding) many of these
            countries have experienced large income drops.541

         
         The final, large group consists of the countries south of the Sahara, most of which
            have experienced extremely low or even negative growth. Together, these nations have
            shown negative growth of 0.2 percent a year since 1965.542 We have previously looked into why sub-Saharan Africa has not been able to get into
            its stride, and again the explanation lies primarily with the political and ethnic
            struggle. This naturally poses a considerable problem when it comes to global development.
            Part of the explanation, however, is that production has been measured in terms of
            exchange rate. This systematically skews the picture, as mentioned above, since the
            exchange rate only measures the development of tradable goods.
         

         
         Again, the value of a dollar in Ethiopia is not particularly relevant for most of
            the country’s population, and it is much more a question of what they can buy with
            their birr. For this reason we should look at the situation in terms of PPP-dollars, which produces
            quite a different result. In Figure 36 we can see how sub-Saharan Africa experienced almost a doubling of its real per capita
            income from 1950 to 1992, even though the 1980s brought them little improvement.543

         
         The UNDP emphasizes that 1.5 billion people live in countries that have had higher
            average incomes in the past. Their use of language is quite punchy: “Growth has failed
            for more than a quarter of the world’s people.”544 However, as far as sub-Saharan Africa is concerned it does not seem reasonable to
            make a comparison based primarily on the American dollar.The region has actually experienced
            a 75 percent increase in PPP income over the last 42 years. Moreover, the “failure
            of growth” does not apply to Mexico or Brazil, boasting a doubling and almost a tripling
            of income, respectively, over the past forty years, both experiencing new heights
            in per capita income. So at most the UN can claim that growth has failed one tenth
            of the world’s population.
         

         
         This tenth lives primarily in nations of the former Soviet Union and in the oil-rich
            Arab states. Common to most of these nations were that they had structural problems with their economies, and that the readjustment necessary as a result of
            political and economic instability unfortunately included a sharp decline in income.
            It is not clear, however, whether this readjustment would not have been necessary
            in any case in these countries given the history of their local political decisions
            and their position in the world economy.545 It certainly seems bold to suggest that growth has failed these countries. There
            seems to be no reason to assume that they will not once again begin to see substantial
            growth in income per capita, an income that will eventually exceed their previous
            maximum.
         

         
         This should not be interpreted in the sense that the decline in the economy of these
            and other countries is not serious. It is, however, necessary to preserve an overall
            view of the situation. More than 85 percent of the population of developing countries
            (and 90 percent of the entire world) have experienced growth to the extent that they
            have never been as rich as they are now.
         

         
         
         
         More consumer goods

         
         We can also appraise the development of wealth by investigating more specific markers
            – for example, how many people own various consumer goods. The results of such a compilation
            for the US can be seen in Figure 37, which shows the massive increase in many important goods, and how conditions over
            the past century have vastly improved, even if by now we have come to take many of
            the conveniences for granted.
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         Figure 37 Percentage of households with various consumer goods in the US throughout the twentieth
            century. Number of households: USBC 1975:41, 1999:60, 2000a. Washing machine, vacuum
            cleaner, electrical light, refrigerator: Lebergott 1993:113, EIA 1999. Flush toilet:
            Lebergott 1993:102. Radio, TV: USBC 1975:796, 1999:885. Telephone: USBC 1975:783,
            1999:885. Car: FHWA 1996–9, Lebergott 1976:289–90, USBC 1999:878. Cable, VCR: USBC
            1999:885, 581. Computer: EIA 1999:14, Kominski and Newburger 1999:15, NTIA 1999:10,
            2000:30.
         

         
         In the decade of the 1980s almost all acquired a microwave and a VCR, and almost 70
            percent of all families have got cable over the past 30 years. In the 1950s, Americans
            put TVs into their homes at an almost unbelievable rate, from 0.4 percent in 1948
            to 87 percent in 1960, and from 1970 to 1990 these TVs were almost all replaced with
            color TVs.546 Since the advent of the first PC in 1976, an increasing number of American families
            have acquired computers – and between 1990 and 2000 the share tripled to 51 percent.
         

         
         From a humble presence in 5 percent of all homes at the beginning of the twentieth
            century, the telephone has become almost ubiquitous, providing instant communication
            with family and friends. Cellular phones have risen even faster, with a 13-fold increase
            from 1990 to 1998, putting a cellular in the hands of every fourth American.547 The mobile phone gives us a new freedom: to communicate whenever we want to.548 The telephone and the cellular phone give us the possibility not just to arrange a visit to the local
            cinema, but also to keep in contact with all the people we meet as we travel ever
            more widely throughout the world.
         

         
         Americans traveling internationally with American airlines have increased more than
            sixfold from about 1.5 percent of the population per annum in 1960 to almost 10 percent
            in 1999, a tendency that applies throughout the world, where the percentage of tourists
            has increased almost sixfold since 1960, and seems set to increase by another 35 percent
            by 2010.549 Globally, air traffic has increased 40 fold since 1950, with passengers flying the
            equivalent of 442 km per inhabitant of the planet in 1998.550

         
         We have also acquired far greater mobility with cars. From virtually no cars in 1900,
            car ownership in the US soared to almost 60 percent of all families in 1929. After
            the turbulent years of the Depression and World War II, ownership again increased
            to almost 80 percent in 1960, inching its way up above 90 percent by 1998. Globally,
            car ownership has more than quadrupled from 1950 with just one car for every 48 people,
            to 1999 with less than 12 people to a car.552

         
         If we take the comparisons even further back, the advantages become even more obvious.
            Today, we have stopped heating our homes with coal, and instead use gas- or oil-fired
            central heating or district heating. We no longer have to clean the coal dust in our
            carpets, furniture, curtains and bedclothes, or have to shovel six tons of coal into
            the furnace each heating season – work which we spent on average six hours performing
            each week.553 Two thirds of us now have a washing machine; almost everyone has a fridge. The washing
            machine has been of immense benefit, especially for women. The historical economist
            Stanley Lebergott wrote only semi-jokingly: “From 1620 to 1920 the American washing
            machine was a housewife.”554 In 1900 a housewife spent seven hours a week laundering, carrying 200 gallons of
            water into the house and using a scrub board.555 In 1985 she and her husband together spent less than three hours doing the laundry.556 The fridge has allowed us to do more shopping at a time and to buy more ready-to-cook
            food, which is part of the reason we have more free time. It has also allowed us to
            avoid rotten food and to eat a more healthy diet of fruit and vegetables.557 Our higher incomes mean we can afford to eat out more often, enjoy new experiences
            and save even more time that used to be spent on tedious chores.558

         
         
         At the same time, the relative cost of living has become progressively lower, both
            because we earn more and because food prices have dropped two-thirds since 1957.559 In 1900 Americans spent 36 percent of their income on food and other necessities,
            compared to 21 percent in 1950 and only 11 percent in 1997.560 American homes have improved to an amazing extent, although the amount spent has
            remained a constant 15 percent of income.561 Today, everyone has running water and a lavatory, although at the turn of the century
            these prized possessions were only available to 25 percent and 15 percent of the population,
            respectively.562 The proportion of air conditioners has risen from 56 percent in 1978 to 73 percent
            in 1997.563 The space available per person has more than doubled. In 1910 there was somewhat
            less than one room per person in an American house, whereas in 1997 there were more
            than two.564 The same trend has been observable in a great many nations (Figure 38). And also the surroundings have improved. In Danish urban areas, open green areas
            doubled between 1976 and 1996,565 and since 1990 the traffic-noise problem for flat dwellers has been greatly reduced.566 Likewise, 7 million people in the US were exposed to significant airport noise in
            1975, whereas the figure now has dropped below half a million.567
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         Figure 38 Rooms per person, 1900–98 for the UK, US, Denmark, France and Italy. Source: Flora
            et al. 1987:295, 302, 311, 324, Lebergott 1976:258, Rector 1995:242–3, EIA 1995a, 1999,
            USBC 1999:873.551
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         Figure 39 Welfare indicators for India throughout the twentieth century: GDP per capita in
            constant 2000 rupees, number of radios, TVs and telephones per 1,000 inhabitants.
            Source: Michel 1995: 1002–5, 799, 791–2, 55, 58–61, World Bank 1999b, 2000c, IMF 2000e,
            UNESCO 2000.
         

         
         
         These developments have been paralleled throughout most of the industrialized world.
            It is also the case that the developing countries have higher incomes and more goods
            (for India, see Figures 39 and 40).568 However, the developing countries generally have some far more basic and important
            problems to deal with. They need clean water, education and improved infrastructure.
            They have already made great progress in this direction. Far more people in the developing
            world now have access to clean drinking water (see Figure 5, p. 22). In countries with the lowest incomes, only 40 percent had access to clean
            drinking water in 1975; in 1990 the figure had increased to 62 percent. Similarly,
            the proportion of people having access to proper sanitation has almost doubled.569 Both these initiatives are incredibly important because a lack of sewerage leads
            to contamination of the drinking water. Clean drinking water is fundamental to human
            health. It is estimated that polluted drinking water and lack of proper sanitation
            annually leads to the death of more than 2 million people from diarrhea, for example,
            and to more than half a billion people becoming seriously ill.570 The developing countries have also been given access to more energy per capita and
            telecommunications capacity has doubled.571 Finally, the developing world now has better roads, which make it much easier to get food aid out to distant, distressed areas, and at the same
            time give peasant farmers a better chance to sell their produce in the towns and cities.
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         Figure 40 Welfare indicators for India throughout the twentieth century: percent enrolled in
            primary, secondary and tertiary education (Gross Enrollment Ratio) and percent literate
            according to birth year. Source: Mitchell 1995:977–9, 956–62, UNESCO 1990:78, 2000.
         

         
         More education

         
         Generally speaking the world has become a much better educated place. As can be seen
            from Figure 41, illiteracy in the developing world has fallen from about 75 percent for the people
            born in the early part of the 1900s to below 20 percent among the young of today.572 However, women still do not have the same access to education, and this is also reflected
            in the higher illiteracy rate, which at 21 percent is almost double that of men at
            12 percent. Both at home and at school women are frequently held back by a traditional
            attitude to gender roles, which focuses on education for boys. For example young women
            in Africa can only expect to attend school for 5.5 years, compared to the boys’ 6.5
            years. On the other hand, girls have a better chance when they actually get into the
            school system and spend almost as long there as do boys.573
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         Figure 41 Illiteracy in the developing world according to year of birth, 1915–82, for men,
            women and total. Source: UNESCO 1990:8.
         

         
         Looking at the number of years of schooling,both industrialized and developing nations
            have seen a dramatic increase in the number of person-years spent in education. The
            average number of years spent in school in developing countries has almost doubled
            over 30 years, from 2.2 in 1960 to 4.2 in 1990. In comparison, people in the Western
            world spent an average of seven years at school in 1960 and 9.5 years in 1990. Figure 42 shows how the populations of developing countries now spend far more time at primary
            school, at secondary school and in higher education. On average, they spend almost
            twice as long at primary school, more than twice as long in high schools and almost
            five times as much time attending higher education. This improvement has meant that
            the developing world has partly caught up with the industrialized world. In 1960,
            people in developing countries only spent one third as long in education as their
            counterparts in the industrialized countries, while in 1990 they spent almost half
            as long.574
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         Figure 42 Index for average education per capita in developing countries; primary, secondary
            and higher education 1960–90, 1960 = 1. Source: Barrio and Lee 1996.
         

         
         This improvement in schooling is also evident for India (see Figure 40), with an almost universal primary, 50 percent secondary and 7 percent tertiary enrolment.
            In comparison, college attendance in the US has gone from 50 percent in 1970 to more than 80 percent, and in the UK from 15 percent to 52 percent.575

         
         
         More leisure time

         
         Owing to lack of data we will here only look at leisure trends for the Western world,
            and the conclusion is quite clear.576 Despite what we may think (or feel), we have more and more free time at our disposal.
         

         
         Yearly working hours in the Western world have fallen drastically since the end of
            the nineteenth century, as can be seen from Figure 43. In most countries we only work about half as much today as we did 122 years ago.577 Japan, however, seems to have resisted the general reduction in working hours between
            1930 and 1960; the hours Japanese work are several decades behind compared to other
            industrialized countries, with Japanese people working about 400 more hours than workers
            in other OECD countries.
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         Figure 43 Annual working hours per person employed, selected countries 1870–1992. Source: Maddison
            1995a:248.
         

         
         That we work only half as much per year is due not only to shorter working weeks but
            also to more vacation. However, even that is not the whole story, because although
            we live much longer we do not have longer careers. Some of the best long-term data
            we have come from the UK. They show that in 1870, a typical British man worked from
            the age of 10 until he died – in all about 47 years.578 Since on average people died before the age of 60, there was not much need for pensions.
            As the average age increased, people’s working careers gradually got longer, until
            the 1930s when the average British man worked for 52 years. Since then, improvements
            in education and a lower retirement age have meant the average length of career in
            the early 1980s was once again about 47 years.
         

         
         A fairly stable work career combined with a steady decrease in yearly work hours means
            less work over a lifetime. Also, we live much longer. The average Briton lived just
            41 years in 1870 compared to almost 75 years in 1987 (see Figure 15), giving us an increase in available time. Working less and having more time means that our total, free (non-work) time has increased dramatically.
         

         
         
         
         Figure 44 shows the development in the categories of overall useful time (roughly the 14 hours
            a day during which we are neither sleeping, eating nor washing ourselves) over the
            last 125 years. We spent 124,000 hours of our lives working in 1856 compared to only
            69,000 hours today, whereas the time we spend not working has increased from 118,000
            hours to 287,000 hours.579 Figure 44 shows us that while in 1856 men spent about 50 percent of their life working, they
            spend about 20 percent today. At the same time the proportion of non-work has increased
            from around 30 percent to almost 60 percent.
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         Figure 44 Proportion of useful time (the 14 hours a day not used for sleeping, eating, personal
            hygiene). Various activities, British men, 1856–1981. Source: Ausubel and Grübler
            1995.
         

         
         
         
         While there is no doubt about the long-term downwards trend in working hours, as outlined
            in Figure 43, the average hours in a workweek seems to have stabilized over the past decades.580 The stable workweek for women, however, masks the fact that female participation
            since 1965 has increased from about 40 percent to 60 percent, and that all women thus
            on average work more. Arguably, a fairer way of showing the distribution of work and
            free time over the past decades would be to average it on all women and all men, as
            in Table 1.581 Here it is clear that men on average have experienced a substantial decline in work
            and commuting time, both because employment participation has dropped and because those employed work four hours less.582 On the other hand, women’s average work hours have gone up dramatically, not because
            of increased work hours for the employed but because so many more are working. However,
            we find the opposite trend for housework (housekeeping, children, shopping), where
            women’s share has dropped and men’s increased. They are still nowhere equal, but men
            no longer supply one-fifth of the housework but more than one-third.583 Total housework has gone down, both because the average person has fewer children
            and because he or she spends less time being married.584

         
         
         Table 1 Trends in work, personal and free time, US 1965-95 (hours per week, age 18-64, sums
            to 168 hours, apart from rounding error). Source: Robinson and Godbey 1999:326-41.
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         The consequence is that total work time over the past thirty years has decreased by
            four hours for women and five for men. As men have also cut their eating and grooming
            time their total free time has increased by almost eight hours. Women sleep and groom
            somewhat more and have cut less, such that their 4.5 hours increase in free time mainly
            comes from the reduced workload. A large part of the free time has gone into extra
            TV watching. Meanwhile, social capital activities (socializing, participating in organizations,
            and religious practice) have declined and recreation (especially sports and adult
            education) has increased.
         

         
         The increase we have seen in American free time is very similar to the general trend
            in Western countries. If we take the available time series data from nineteen countries
            (Europe, US and Canada) we find the general trend depicted in Figure 45. Here we see that women have two to three hours less free time than do men (although
            some of this is likely to be due to disparity in grooming time), and that generally,
            we have increased our free time by six or seven hours over the last 30 years.
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         Figure 45 Average trend in free time for 19 countries (Europe, US and Canada) for men and women
            1965–95. Source: Bittman 1999.
         

         
         More safety and security

         
         In almost every society the worst crime anyone can commit is to kill another human
            being. For this very reason we have pretty good murder statistics. The conclusion,
            however surprising it may be, is that in Western countries the murder rate has been
            falling for a very long period of time, although it has increased again in the twentieth
            century, slightly for most countries but significantly for the US.
         

         
         We often tend to think that prehistoric societies were gentle and nonviolent. Of course,
            we have little or no records left, but comparing with the anthropological record,
            we now suspect this to be a gross idealization – for most band or tribal societies
            studied in the twentieth century, murder actually turned out to be a leading cause
            of death.585

         
         The oldest statistical material we have comes from England and shows that in the thirteenth
            century there were more than 20 murders per 100,000 inhabitants. This rate fell steadily
            until the middle of the twentieth century, when the rate reached 0.5 per 100,000.
            Since then it has increased slightly.586 The figures also tally with the violent picture historians paint of the previous
            centuries:
         

         
         Such personal correspondence and diaries as survive suggest that social relations
            from the 15th to the 17th-century tended to be cool, even unfriendly. The extraordinary amount of
            casual inter-personal physical and verbal violence, as recorded in legal and other
            records, shows clearly that at all levels men and women were extremely short-tempered.
            The most trivial disagreements tended to lead rapidly to blows, and most people carried
            a potential weapon, if only a knife to cut their meat … The correspondence of the
            day was filled with accounts of brutal assault at the dinner-table or in taverns,
            often leading to death …
         

         
         Casual violence from strangers was also a daily threat. Brutal and unprovoked assaults
            by gangs of idle youths from respectable families, such as the Mohawks, were a frequent
            occurrence in eighteenth-century London streets.587

         
         Development was similar in Sweden – at the end of the nineteenth century the murder
            rate stood at 2, falling to around 0.8 in 1960, since when it has increased slightly
            to 1. Italy (with the exception of the end of the two world wars) had a corresponding
            fall from 5 to 1.3. The US, with a murder rate of around 10, is the only exception
            to this general trend.
         

         
         Generally speaking, the picture for suicide has been the opposite. In traditional
            societies the suicide rate has been quite low.588 However, with increasing urbanization the suicide rate has grown dramatically – often
            from about 1 per 100,000 to 10–25. In 1980 Denmark held the world record for suicide
            at 32. This has now fallen to around 20 while Russia has experienced a drastic increase
            in its suicide rate to almost 42, followed by Hungary at 33.589

         
         Fewer catastrophes and accidents

         
         Catastrophes and accidents make excellent headlines, but in fact we have managed to
            reduce the number of deaths resulting from both during the past century.
         

         
         
         In Figure 46 we see how the death rate from natural disasters has declined dramatically since
            the early part of the twentieth century.590 The death rate from 1900 to 1939 was 66 per 100,000 compared to a total death rate
            of about 2,000–3,000.591 In the 1990s the disaster death rate was 1.4 compared to a total death rate of 927.592 The absolute decline has been almost 98 percent, and even compared to the decline
            in the general death rate, the decline has been more than 94 percent.593 Despite more than a tripling of the global population, the number of dead has dropped
            from an average of 1.2 million per year in the early part of the century compared
            to 77,000 in the 1990s. The sustained decline since the 1930s is due to many factors,
            including improved medicine, improved warning, improved ability to handle disasters
            and less vulnerable societies. For instance, the number of dead from cyclones has
            dropped markedly in Bangladesh, thanks both to a Cyclone Preparedness Program run
            by the Bangladesh Government and the Bangladesh Red Crescent Society and to the existence of cyclone shelters, built in the 1970s.595
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         Figure 46 Annual death rate from catastrophes, 1900–99, per decade, for natural disasters:
            epidemics, floods, tidal waves and wind storms (tornadoes, cyclones, hurricanes etc.),
            droughts, famines, earthquakes and volcanoes. The high epidemic rate in the 1910s
            stems from the 1918 global “Spanish flu” pandemic, killing some 20–25 million, making
            the entire natural disaster death rate reach 145.7. Source: EM-DAT 2000.
         

         
         
         The decrease in global deaths from natural disasters is also reflected in the decrease
            in accidents in the US and the UK, presented in Figure 47, showing how all significant accident arenas have become safer. The death rate due
            to accidents has declined fourfold over the century, reflecting an improvement in
            the safety of everyday products. Lethal working accidents have diminished by more
            than 85 percent as a direct result of safer equipment, improved training and better
            work practices.596 It is estimated that without this substantial risk reduction, 40,000 additional workers
            would die each year in the US. Similarly, the number of fatal accidents per billion
            vehicle kilometers traveled by road has also fallen dramatically, particularly because
            vehicle construction and safety equipment have improved, and this trend is replicated
            in all industrialized countries.597 Most impressive, the air transport risk has dropped more than 150-fold from 1940,
            such that the risk of flying a billion kilometers is now just 0.13 (on average you
            have to fly 7.5 billion km or some 200,000 times round the world to die).598
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         Figure 47 Accident death rate trends of the twentieth century. Work (per 100,000 workers),
            accidents (excluding car accidents, per 100,000 inhabitants), car (per billion vehicle
            km), airplane (US Airlines per billion passenger km),594 motor cycle (per 100 million vehicle km, i.e. 10 times lower than all others), pedal
            cycle and walk (per billion km). Car death rates in the first decades lie around 150–250.
            Data for the US, except for cycle and walk for Great Britain. Source: NSC 1990:29–30,
            37, 72–3, 1999:36–7, 49, HHS 1997:59, 111, 165, NCHS 1999a:199, USBC 1999c, FHWA 1996,
            ONS 1999:204, 2000a:205, 2001a:220, ATA 2001b, DOT 1999:1–28, 3–1.
         

         
         
         
         If we want to compare risks, we have to measure all risks in km per person. Since
            the US car today on average hold 1.6 people, the risk per person is about 40 percent
            lower than the vehicle risk denoted in Figure 47.599 Thus, on average a car is about 45 times more risky per km than flying,600 whereas it is 7 times safer than cycling, 8 times safer than walking, and an astounding
            22 times safer than traveling the same distance on a motor cycle.
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          7   Conclusion to Part II: unprecedented human prosperity

         
         We have experienced fantastic progress in all important areas of human activity. We
            have never lived longer – life expectancy has more than doubled during the past hundred
            years – and the improvement has been even more pronounced in the developing world.
            Infant mortality has fallen drastically. As recently as 1950 one in five infants died
            in the developing countries, whereas only one in 18 dies today – this is the same
            proportion as in the industrialized world just 50 years ago. We are taller and healthier
            and get fewer infections. There are far more of us, not because we have “started breeding
            like rabbits, but because we have stopped dying like flies.”
         

         
         At the same time we have more to eat. The proportion of people starving in the world
            has fallen from 35 percent in 1970 to 18 percent today and is expected to fall further
            to 12 percent by the year 2010. More than 2 billion more people get enough to eat
            and the average calorie intake in the developing world has increased by 38 percent.
         

         
         Incomes in both industrialized and developing nations have at the same time tripled
            over the past 50 years and poverty incidence has decreased. The distribution of wealth
            between the world’s richest and poorest has decreased slightly and it is likely to
            be reduced dramatically over the century.
         

         
         We now also have numerous consumer goods that improve our lives and make them much
            easier. People in the developed world have refrigerators, better housing, cars, telephones,
            computers and VCRs. The developing world has also experienced increases in these goods,
            but it is much more important that far more people have access to clean water, sanitation,
            energy and infrastructure.
         

         
         The number of hours we work has been halved during the last 120 years, and because
            we live ever longer than we used to, we have more than twice as much leisure time
            to enjoy.
         

         
         The murder rate has fallen considerably, although this has been offset by an increase
            in the suicide rate. There are also far fewer fatal accidents today than in days gone
            by.
         

         
         On average, we have become much better educated, and the developing world is catching
            up with the industrialized world in this respect. The number of people getting a university
            education in developing countries has almost quintupled. All in all, pretty incredible
            progress.
         

         
         This is not to say that there are no problems. There are. Africa stands out as the
            prime problem area, where African people have experienced much less growth over the
            past century than people in most other countries, an AIDS epidemic has engulfed parts
            of southeast Africa, and because of war and ethnic and political division the outlook
            is not rosy. But even Africa is still better off than it was at the beginning of the
            twentieth century, with better nutrition, higher incomes and better schooling. Things
            are not everywhere good, but they are better than they used to be.
         

         
         The world at large, the developing countries in particular and even the troubled areas
            of Africa have all experienced progress. The question we shall investigate in Part III is whether this progress really can be maintained and improved.
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         Can human prosperity continue?
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         8   Are we living on borrowed time?

         
         In Part II we saw that by and large all measurable indicators of human welfare show improvement.
            Indeed, it is difficult to contest these indicators. But maybe we are living on borrowed
            time.
         

         
         This is the typical objection we hear from organizations such as Worldwatch Institute:

         
         The twentieth century has been extraordinarily successful for the human species –
            perhaps too successful. As our population has grown from one billion to 6 billion
            and the economy has exploded to more than 20 times its size in 1900, we have overwhelmed
            the natural systems from which we emerged and created the dangerous illusion that
            we no longer depend on a healthy environment.601

         
         In other words, it may be true that things have been going well. But actually, things
            have been going too well. This development cannot continue. The natural foundations will collapse. With
            an oft-repeated metaphor, we are told: “Just as a continuously growing cancer eventually
            destroys its life-support systems by destroying its host, a continuously expanding
            global economy is slowly destroying its host – the Earth’s ecosystem.”602

         
         Professor Ehrlich reiterates the same basic idea: economists are fond of pointing
            out that GDP and food availability per capita grow and grow. “But there is a fatal
            flaw in this argument: it is roughly equivalent to bragging about one’s ability to
            write a bigger check each month, while paying no attention to the balance in the account.”603

         
         The key concept at the core of much of this criticism is the question of whether or
            not our current development is sustainable. This concept was first raised by the UN Brundtland Report in 1987, and sustainable development simply means that humanity ensures “that it meets
            the needs of the present without compromising the ability of future generations to
            meet their own needs.”604 Actually, this is an obvious point.605 We need to act such that our descendants will be at least as well off as we are now.
            The question, of course, is whether our present society is already sustainable. Most
            environmentalists vigorously maintain that our current society is unsustainable. “In
            effect, we are behaving as though we have no children, as though there will not be
            a next generation,” says Worldwatch Institute.606 The biologist David Ehrenfeld argues that if our ancestors had left us the ecological
            devastation we are leaving our descendants, our options for enjoyment – perhaps even
            for survival – today would be quite limited.607

         
         The biologist Daniel Chiras is more specific: our society is not sustainable because
            we pollute too much and because we use our resources much too fast.608 This claim we will examine in the coming chapters and parts.
         

         
         Resources – the foundation for welfare

         
         It is absolutely decisive for our continued existence that we have access to a large
            number of the Earth’s resources. Some of these resources are naturally and continuously
            re-created, for example solar energy, water, air, plants and animals. These resources
            are renewable.
         

         
         
         Other resources, such as the Earth’s raw materials and minerals are not renewed (at
            least not in the human time scale of hundreds to thousands of years) and exist in
            a fixed quantity.
         

         
         These two kinds of resources differ in their associated problems, as we shall see
            below. However, to assess the sustainability of our current development we need to
            look at our use of all resources, renewable and non-renewable.
         

         
      

      
   
      
      
         
         
         [image: ]

         
         9   Will we have enough food?

         
         Food is perhaps the most important single resource for humanity, since our very existence
            depends on it. It is a renewable resource, but still a scarce resource, potentially
            under pressure from the increasing population.
         

         
         Lester Brown from Worldwatch Institute has throughout the last 30 years of population
            increase claimed that agricultural production could no longer keep up and that now prices would start increasing.609 As we have seen in the preceding chapter, this has not happened. In the 1998 edition
            of The State of the World, Figure 48 was produced as evidence. Most people would probably see a general downwards tendency
            undermining the previous predictions of crises and price hikes. But instead the data
            are used to prove that prices are turning and now on their way up:
         

         
         
         
         [image: ]

         
         Figure 48 Lester Brown’s figure, WI 1998:92. World market price for wheat in 2000 US$ per bushel,
            1950–96.613 Source: IMF 2001, CPI 2001a.
         

         
         
         The long-term decline in the real price of wheat, the world’s leading food staple,
            that has been under way since mid-century may have bottomed out during the 1990s.
            After dropping to a recent low of $3.97 per bushel in 1993, the price increased in
            each of the next three years, reaching $5.54 per bushel in 1996, a rise of 39 percent.
            While future year-to-year price changes will sometimes be down, as may be the case
            in 1997, this analysis indicates that the long-term trend is likely to be up.610

         
         In the summary chapter these data are then used to tell us of the much wider implications:

         
         Rising world grain prices may be the first global economic indicator to tell us that
            the world is on an economic and demographic path that is environmentally unsustainable.611
	
         
         But the decline in wheat price is not just something that has been underway since
            mid-century, but at least from 1800 onwards, as was obvious in Figure 25. Moreover, the price hike on which Brown bases his analysis was a passing chimera.
            As one of the large food research institutions, IFPRI, writes with a barely hidden
            message for Worldwatch Institute: “the rising cereal prices of 1995–96 were a short
            run phenomenon and not the beginning of a permanent upswing in prices or the forerunner
            to another world food crisis as feared by some.”612 At the time of writing, with prices to February 2001, wheat has yet again fallen
            to its lowest recorded price ever, as can be seen in Figure 49.
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         Figure 49 World market price for wheat in 2000 US$ shel, 1950–2000. Source: IMF 2001a, CPI
            2001.
         

         
         
         At least grain per capita is declining

         
         But if you want to show that there is a probith food production which data can you
            actually use? We have seen that agriculture has produced more and more food and calories per capita in both the developed and the developing world since
            1961.
         

         
         For a number of years now, there has been another set of data that indeed does seem
            to indicate that food production is falling behind population growth. These data have
            been presented extensively by the Worldwatch Institute, and are illustrated in Figure 50.614 We are here shown how the average amount of grain per inhabitant in the world grew
            until 1984615 – indicating that the Green Revolution did work – but also how it has dropped by
            11 percent thereafter. However, when Worldwatch Institute shows us these figures,
            they only reproduce the upper graph for the world. This world trend has been extremely
            effective and it has been reproduced and referenced in numerous places.616 In an ecologist manifesto from 2000, it was listed as the most important indicator
            of decline.617 Production is experiencing a “dramatic loss of momentum” is the way Lester Brown
            puts it.618
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         Figure 50 The grain production, kg per capita for the world and the developing world, 1961–2000.
            Source: FAO 2001.
         

         
         But this selective figure gives the wrong impression and is guided by a faulty logic,
            as is demonstrated when we also plot the grain production of the developing world.
            It is true that global grain production per capita peaked in 1984 with 344 kg and
            since then has dropped to 306 kg. But this is mainly due to a statistical finesse.
            In the industrialized countries production of grain steadily increased from the 1950s
            to the 1980s, stabilizing around 650 kg per inhabitant, essentially because we just
            cannot eat any more. Actually, we can only consume so much grain because a large part
            is fed to animals whose meat we then eat. In the developing countries, however, production
            has kept growing – from 157 kg in 1961 to 211 kg in 2000.619 An astounding 34 percent. When we nevertheless see that the global average declines,
            it is because there are more and more people in the developing countries. When more
            and more people produce about 200 kg, and a constant number of people in the industrialized
            world produce 650 kg, the global average will have to fall.620 (Notice, though, that production in 2000 was exceptionally low, primarily because
            of very low prices and bad weather in China,621 causing the unusual drop in the average grain even for developing countries. For
            the other developing countries the average did not decrease significantly in 2000.622)
         

         
         Thus, only showing the global decline merely masks the fact that ever more people
            in the developing world get more and more food. Actually, FAO specifically state that
            the global grain decline is “no cause for general alarm.”623 FAO expects the per capita food grain production in the developing countries to continue
            to increase to 2010.624 And actually, FAO projects that even world grain production per capita will reverse
            and expand to about 340 kg in 2030, destroying Brown’s nice graph.625

         
         Thus, a careful examination of the available evidence shows that food production has
            not lost its momentum.
         

         
         Declining productivity

         
         It is often argued that the Green Revolution is running out of steam. In yet another
            variation, Worldwatch Institute argues that we are beginning to experience “a massive
            loss of momentum.”626 Growth is slowing and “either levels off or shows signs of doing so.”627 Surprisingly, when Lester Brown tries to document this leveling off he uses the figures
            for the annual growth of the total world grain production.628 These, of course, are not really the important figures, since we primarily care about
            individuals, and consequently we would rather look at production per capita. At the
            same time there is made no correction for the fact that the early 1990s were pretty
            bad for grain production. This was due both to the former planned economies and to
            the European Union. The collapse of the former Soviet Union and the other centrally
            planned economies has caused a drop in production from 1990 to 2000 of almost 40 percent,
            from supplying almost 17 percent of the world’s grain to less than 10 percent. The
            EU has restructured its Common Agricultural Policy to rely less on subsidy and to
            avoid overproduction, which has also led to a fall in the EU’s grain production of
            more than 5 percent.629 Moreover, the EU has increased its environmental farmland set-aside, and low world
            market prices also depress production.630

         
         But neither the Soviet breakdown nor the EU’s agricultural restructuring matters compared
            to the question of how much we can produce. Here FAO has predicted that grain production will continue to rise as far
            into the future as can be seen – as is also evident in the official 2010 prediction
            depicted in Figure 51.
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         Figure 51 Grain production, prediction from FAO 1989–2010, and actual 1961–2000. Source: Alexandratos
            1997, 1998, FAO 2001.
         

         
         
         Lester Brown has accused FAO and the World Bank of consistently being too optimistic
            about grain production in the 1990s. He claims that their totals have been out by
            almost 14 percent. But these accusations have been shown to rest primarily on simple
            calculation errors and incorrect data.631 Figure 51 shows the development of grain production and the FAO prediction, and generally the
            global production has not been far off.632 The total deviation mainly stems from the former command economies that have drastically
            underperformed in the 1990s. It is expected that this production decline will eventually
            be reversed.633 The developing countries, however, have closely traced the predicted growth (again,
            except for 2000, where China due to very low prices and bad weather has underperformed).634

         
         Nevertheless, it is correct that global growth rates in yields have been declining
            for rice, wheat and corn, which make up almost 50 percent of the world’s calorie intake.635 In the 1970s rice yield grew annually by 2.1, percent whereas yield growth is now
            down to 1.5 percent annually, and the figures look similar for wheat and corn.636 But should we be worried?
         

         
         There are three lines of answers to this question. First, we have to ask whether the
            reduced growth in yields indicates that we are reaching the biological and physiological
            limits of plant efficiency. Are we close to the point where we really cannot squeeze
            out any further services from our plants? Second, we have to ask whether it really
            is the top yield that is restricting production or whether most of the Third World
            farmers are growing well below maximum yields. Third, whether we should worry depends
            on whether humanity really needs the high growth rates any more. The population is
            growing more and more slowly, we have become better nourished, and there is an upper
            limit to how many calories we can eat.
         

         
         Limits to yields?

         
         Are we reaching the limits of what can be squeezed out of plants? Lester Brown argues
            exactly this point with Figure 52, showing the development of yield for some of the top-producing countries in the
            world – Japanese rice and American wheat. Again, the unsuspecting reader may just
            see a yield getting better and better. But Brown asks us to consider the American
            wheat yield in 1983 (marked in the figure). At that time America produced 2.65 tons
            per hectare, but “since then, however, there has been no further rise.”637 Likewise, Brown asks us to look at Japan’s rice yields in 1984, of 4.7 tons per hectare.
            “Since then, it has plateaued.”638 “Farmers in the two countries appear to have ‘hit the wall’ at about the same time.
            Is this plateauing in two of the most agriculturally advanced countries temporary?
            Or does it signal a future leveling off in other countries, as farmers exhaust the
            known means of profitably increasing yields?”639

         
         [image: ]

         
         Figure 52 Yields for 1860s–2000 in tons per hectare of wheat from the US and rice from Japan.
            Identical to Worldwatch Institute figure 5–2 (WI 1998:82), with yields from 1998–2000 added. Previous top points noted out by
            Worldwatch Institute (1971 and 1984 wheat and 1983 rice) marked. Source: WI 1998b,
            USDA 2001a, FAO 2001a.
         

         
         Lester Brown answers this latter question in the affirmative. We must start “facing
            biological reality.”640 It does seem likely that “more countries ‘hit the wall’ in the years immediately
            ahead,” and “eventually the rise in grain yields will level off everywhere.”641 We are told that “the world moves into an age of scar-city”642 with price increases on grain.643 This will create “unprecedented political instability in Third World cities,” affecting
            progress and setting the entire monetary system at risk.644 Although Brown is aware that the UN and the World Bank strongly disagree with his
            predictions, he finds comfort in a Japanese study referred to in the Kyoto News from 1995 which backs him up.645

         
         But notice how these data points have been chosen with great care. Only if one chooses
            exactly 1983 as a starting point for the American wheat yield would it be possible to claim
            that no growth has taken place since then. Likewise for Japan it is necessary to pick 1984 to be able to substantiate the claim of plateauing. If – for consistency
            – Brown had picked 1983, we would have seen a dramatic productivity increase. Ironically,
            the very year that these statements were made, the wheat yield in the US broke through
            “the wall,” as is evident in Figure 52, up almost 10 percent over 1983.
         

         
         Lester Brown has actually made this type of argument before. In 1981 he claimed that
            now American wheat yields had reached the limit. As he pointed out, the American yield
            had dropped by 6 percent from 1972 to 1977.646 And yes, 1971–2 was exactly the moment when yields reached their previous maximum
            (Figure 52). Also, and this is ironic, the very year Brown made his statement, wheat yields
            broke through the previous wall, and have since then been above the “maximum” every single year save one.
         

         
         
         The US produces 11 percent of the world’s wheat. The EU produces about 15 percent,
            and we can see both wheat yields in Figure 53. It is clear that the EU produces more than twice the amount of wheat per hectare
            than the US. This is primarily because the EU farms much more intensively because
            it has much less farmland. But the first important message from Figure 53 is that the EU has not experienced Lester Brown’s “wall.” There has been continued
            growth in yield per hectare. This seems to indicate that Brown’s arguments are untenable
            with respect to wheat. The second message – and perhaps more devastating for Lester
            Brown – is that while the US presumably was hitting a wall, not only did the US itself
            break it in 1998–9 but so did the world in 1997 and 1999, as can be seen in Figure 53. For neither the EU, the US nor the world at large do data seem to support the hypothesis
            of a “wall.”
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         Figure 53 Wheat yield for 1960–2000, tons per hectare, for the US, EU and the World. Source:
            USDA 1998, 2001a.
         

         
         
         The same pattern is true for Lester Brown’s other example, Japanese rice yields (Figure 54). Japan grows rice very intensively on tiny plots of land, and consequently there are not many countries that have higher yields.647 Japan also heavily subsidizes its peasants, and according to USDA this implies that
            there is seldom any economic gain to increasing yields and consequently peasants rather
            attempt to limit their workload.648 To save time, increasing numbers of Japanese peasants actually plant their rice from
            a helicopter!649 Needless to say, we should not expect such an incentive structure to encourage yield
            gains.
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         Figure 54 Rice yield for 1960–2000, tons per hectare for Japan, South Korea and the world.
            Source: USDA 1998, 2001a.
         

         
         But the development of other intensive rice producers, such as the US and the NICs
            (Newly Industrialized Countries, e.g. South Korea), clearly shows a steady increase
            in yields. The “wall” Brown has found for Japanese rice yields seems to be caused
            by a deliberately misleading example. The development for world yields underscores
            this, as here we also see a steady yield increase.
         

         
         But Lester Brown points out that his yield wall also has a theoretical underpinning.
            He tells us that we are rapidly reaching the biological and physiological limits for
            yield increases. “Once [the yield] is pushed close to its limit, the remaining options
            tend to be relatively small.” Sooner or later, “there will … come a point in each
            country, with each grain, when farmers will not be able to sustain the rise in yields.”661 However, we have not reached a theoretical “wall” either. The newest studies from
            CIMMYT, the organization that together with Norman Borlaug started the Green Revolution,
            remain confident that further, stable increases are still plausible. “We believe that
            the ‘pessimistic’ or Malthusian analysts who see disaster looming in recent lower
            rates of yield growth in cereals are incorrect.”662 The recent, lower growth rates of production are more likely attributable to the
            declines in real prices.663

         
         Actually, the growth rates of top wheat production have in all likelihood not decelerated
            but remained constant at about 1 percent over the past 30 years, with many opportunities
            for further yield improvements.664 Productivity increases for corn are seen as readily achievable, and Lester Brown
            admits that “corn yields do not yet appear to be leveling off.”665 Finally, the outlook for rice is dramatically optimistic – medium-term increases
            of 20 percent are within sight, and researchers expect a long-term increase of 50
            percent.666

         
         At the same time, the new cereal strains have featured improved pest resistance and
            grain quality, while reducing crop duration and water and nutrient requirements.667 Furthermore, large productivity increases are possible (and perhaps more likely)
            by increasing the use of pesticides and fertilizers as well as improving labor management
            and knowledge.668

         
         Of course, actually shifting the productivity of cereals will not come automatically
            – it requires investment in research by companies and governments, and with the forecast
            of ever lower grain prices and consequently lower research profits, swift yield increases
            may only come about through sustained public funding. However, this is a question
            of policy priority and not a basic problem of limits to food production. There seem
            to be no “walls” for top yields ahead.
         

         
         
         
            
            BIOMASS

            
            In 1986 a team of researchers headed by the Ehrlichs examined how much of the Earth’s
               net primary production (NPP) is actually consumed by man.650 Briefly, solar energy is the only real contributor to growth on our globe through
               photosynthesis, and consequently the researchers wanted to know how much of the growth
               in biomass or “green stuff” mankind exploits.
            

            
            The answer was that man directly, or indirectly through animals, uses about 3.9 percent
               of the terrestrial biomass production – a figure that does not sound terrifyingly
               large.651 The researchers also investigated not only how much humans eat but also the amount
               of plant growth wasted in production (e.g. straw), how much plant growth our way of
               life precludes (the biomass growth that no longer can take place where we have put
               our parking lots, houses, roads and shopping malls), how much less our fields produce
               (harvesting once a year instead of natural, longer-lived or perennial plant growth),
               how much more biomass forests could have produced had they not been turned into pasture,
               and how much desertification has reduced biomass growth.
            

            
            The oft-quoted result is that man consumes, co-opts or forgoes 38.9 percent of the
               terrestrial net biomass growth. While this figure may tickle our curiosity, it is
               perhaps not particularly relevant.
            

            
            However, it has given rise to a very common interpretation, which sounds ominous but
               is simply wrong. As some distinguished Danish scientists put it: “Today human activity
               appropriates 40 percent of all land-based photosynthesis. A doubling of the population
               implies an appropriation of 80 percent. A 100 percent appropriation is both ecologically
               as well as socially impossible.”652

            
            Although the original research team was careful not to make this mistaken claim, the
               Ehrlichs have since then not been equally cautious: “the human share of … NPP reaches
               almost 40 percent … Most demographers project that Homo sapiens will double its population within the next century of so. This implies a belief that
               our species can safely commandeer upwards of 80 percent of terrestrial NPP, a preposterous
               notion to ecologists who already see the deadly impacts of today’s level of human
               activities. Optimists who suppose that the human population can double its size again
               need to contemplate where the basic food resource will be obtained.”653 The well-known environmental economist Herman Daly commits the same logical error,
               which is similarly replicated by a host of other environmental writers.654

            
            Naturally, the statement of “from 40 percent to 80 percent with a population doubling”
               sounds sensible, but it is downright wrong.655 Presumably, the authors of such statements have reached for the simple interpretation
               of the 40 percent figure without reading or understanding the background material.
            

            
            As we have seen earlier, the UN expects the world population to level off at about
               twice the present-day population. Of course this means that we shall have to produce
               at least twice the amount of food. But this will not require anywhere near twice the arable land, since by far the largest production growth
               will come from increased yields. The International Food Policy Research Institute
               estimates that production from 1993 to 2020 will increase by 41 percent but that arable
               land will only increase by 5.5 percent.656 The remaining increase in production for yield increases will not cost extra biomass
               since we merely redirect energy from the straw to the grain and increase growth through
               irrigation and fertilization.657

            
            Agriculture currently appropriates just 10 percent of the potential terrestrial photosynthesis,
               and a doubling of the agricultural production implies a maximum increase in the appropriation
               to 12 percent.658 The other large factors in the 40 percent figure are pastures (6.5 percent), regular
               land clearing (5.8 percent), and biomass loss for agricultural production instead
               of forests (7.0 percent), all of which have a significantly smaller than unitary connection with the number of humans.659

            
            Consequently the total appropriation will not increase by anywhere near 80 percent
               but perhaps rather around 50 percent, owing to a doubling of the human population.
               In the long run and with increased wealth the share will perhaps even decline again
               when most countries – like at present most OECD countries – commence reforestation,
               recreation of meadows, and the phasing out of marginal lands for agriculture.660

            
         

         
         What about ordinary peasants?

         
         At the same time – and potentially much more serious – Lester Brown fails to discuss
            the situation of ordinary peasants. By far the majority of the peasants in the developing
            countries achieve much lower yields than even the best local producers. It is estimated
            that most peasants achieve less than half the maximally attainable yield.669 In Andhra Pradesh in India, research stations regularly attain yields five to ten
            times the yields experienced by traditional peasants.670 Thus, there is still much room for improvement. For example Syria – in antiquity
            the bread basket of the Middle East – had finally become self-sufficient in wheat
            again in 1991. Through a focused effort of higher-yield strains, irrigation, fertilization
            and education, production has been quadrupled since 1950.
         

         
         The FAO has specifically examined growth in yields in the developing countries. “For
            the developing countries as a whole, the growth rates of per capita agricultural production
            (all products) have not been generally lower in recent eight-year moving periods compared
            with earlier ones.”671 This is also true for those countries that are less dependent on agricultural production.
            Particularly, it turns out that the growth rate in yields has been slightly increasing
            for those developing countries that are the most dependent on agriculture. Therefore
            the FAO points out, with a clear hint to Lester Brown, that “in the light of this
            evidence, it is difficult to accept a position that developments in recent years have
            marked a turning point for the worse.”672

         
         In other words, there are good reasons to presume that the development, particularly
            in the Third World, will continue with ever higher yields and consequently an ever
            larger agricultural production.
         

         
         Do we still need the high growth?

         
         We do not have to fear the development of new, high-yield strains reaching a “wall,”
            and there is good reason to presume that particularly the developing countries will
            produce ever more. Nonetheless, it is true that the growth in production is declining.
            We do produce more food per capita each year, but this extra growth is diminishing
            both in yields and in total production.
         

         
         But this is not a problem. The fact that growth in yield for rice has declined from 2.1 percent to
            1.5 percent could seem troublesome. But at the same time population growth has also
            dropped from over 2 percent in the early 1970s to less than 1.26 percent today, and
            it will further drop below 0.5 percent within the next 50 years. In fact, most of
            the previous agricultural production growth was necessitated by increasing population,
            whereas increasing income will have much less impact on demand.673 Consequently, a smaller growth in production today can actually give more to each individual than a considerably larger growth could in the 1970s.
         

         
         Equally, a much larger fraction of the Earth’s inhabitants get sufficient food. The
            proportion of starving has dropped from 35 percent to 18 percent. In 1961 inhabitants
            in the developing countries on average received 1,932 calories, whereas in 1998 they
            received 2,663 – an increase of 38 percent. In the 1960s and the 1970s the world needed
            a large growth in production not only to keep pace with population growth but also to ensure more
            food to each individual. Today we need less growth because we only have to keep up
            with a smaller population growth and because fewer individuals need more food. Consequently,
            the FAO projections only expect global demand to increase by about 1.5 percent throughout
            the next 30 years, compared to more than 2 percent throughout the past 30 years.674

         
         In summary, the FAO states that that there is no need to worry about the diminished
            growth in agricultural production. Basically it “reflects some positive developments
            in the world demographic and development scenes”: the world population grows ever
            more slowly, and inhabitants in more and more countries are reaching a level of food
            consumption where they cannot eat much more.675

         
         Nevertheless there is a moral problem in that the growth rate in the world’s agricultural
            production is diminishing while there are still people starving. This, however, is
            caused not by a fundamental problem of production but rather by the fact that these
            people do not have the money to demand more food. In the FAO’s words: “It is now well
            recognized that failure to alleviate poverty is the main reason why undernutrition
            persists.”676

         
         Therefore, as discussed in the last chapter, the road ahead for the starving in the
            poorest countries is larger economic growth such that these individuals will also
            be allowed a decent existence.
         

         
         Grain stocks are dropping!

         
         Worldwatch Institute has also raised concerns about the size of the world grain carryover
            stocks. Grain stocks are the amount of grain left over just before the new harvest.
            “In many ways, carryover stocks of grain are the most sensitive food security indicator,”
            it is claimed.677 As can be seen in Figure 55, grain stocks in 2000 are about 62 days of consumption, just below the FAO’s 64-day
            recommendation.678
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         Figure 55 Grain carryover stocks, 1961-2000; number of days of consumption just before the
            next harvest. Dashed line indicates FAO’s 64-day recommendation. Source: USDA 1998,
            2001a.
         

         
         But there are several reasons why this is primarily a propaganda figure. First, grain
            stocks have diminished particularly in the US and the EU because the financial incentives
            for large surplus stocks have been cut.679 Second and more importantly, grain stocks follow the general tendency towards smaller
            stocks because world trade has become much more flexible. Today better infrastructure,
            better-organized trade and better information make it easier to get food where it
            is needed. The world has become more integrated and it is no longer necessary for
            each and every government to store large stocks to secure its own food supply. Today,
            we collectively ensure each other and this security is much more efficient.680

         
         Studies from the US Department of Agriculture show that the supply of grain has actually
            become more stable over time, which protects consumers especially in the developing
            countries against insecurity from single bad harvests.681 This increased security is due not only to more extensive international trading but
            also to the so-called feedgrain buffer. A bad harvest means that grain for human consumption gets scarcer. But when world market prices increase as a response, less
            grain will be used to feed livestock, thus partly compensating for the initial scarcity.
            When the grain supply dropped and prices increased dramatically in 1972–4, the reduction
            in US feed consumption was as large as the total global production shortfall.682

         
         Food security is not particularly dependent on the number of days in the grain stocks.683 It is much more important that a smooth international trade makes it possible to
            minimize grain stocks – and consequently costs – while supplies actually have become
            more stable. Indeed, although stocks are expected to be falling for the third year
            in a row, the USDA finds that exporters will be able to fulfil demand at unchanged
            prices and actually that a bigger concern is how existing, large stocks are straining
            storage facilities.684

         
         Nor does food security simply imply security from starvation in moments of crisis,
            as is often taken as the implication of Figure 55. It also means security in everyday life: the security of everyday food availability.685 And here the amazing drop in food prices has made it possible for many more families
            to get sufficient food and to allow them to spend more of their limited resources
            on other important and life quality improving targets.
         

         
         Greater internationalization has allowed food production to move to the most productive
            places on Earth. This has given us cheaper food and larger economic growth, and has
            increased the opportunities of choice for each family.686

         
         What about China?

         
         Lester Brown has also focused heavily on the possible threat to food security from
            China in his 1995 book: Who Will Feed China: A Wake-up Call for a Small Planet. Point one, China is the world’s biggest country with about 20 percent of its inhabitants.
            Point two, China has had an astounding yearly growth rate of almost 10 percent over
            the last 20 years.687 Brown’s idea is that when China in 2030 has added another half billion inhabitants
            and concurrently experienced a rapid economic development, this will imply a drastically
            higher demand for food.
         

         
         Of special importance is the development in demand for meat. Today, the Chinese consume
            very little meat and all experience indicates that increasing income will cause an
            increase in the consumption of meat and dairy products. Meat is very “expensive” in
            the sense that 1 kg of edible beef costs 16 kg of grain, where the other 15 kg are
            used to support the animal’s activities and parts we cannot eat.688 If all meat could be produced by livestock on pastures this would of course not be
            a problem, but China does not have enough farmland to do so. Lester Brown estimates
            that on a yearly basis the Chinese will go from eating approximately 35 kg of meat
            per capita today (close to the present-day Japanese consumption of 40 kg) to the Taiwanese
            consumption of 75 kg. All in all, Brown finds that this will imply an increase in
            demand for grain of almost 300 million tons or about 15 percent of the present world
            grain production. Will this be possible? Lester Brown thinks not: “China may soon
            emerge as an importer of massive quantities of grain – quantities so large, that they
            could trigger unprecedented rises in world food prices.”689 Actually, he thinks that “China is teaching us that the western industrial model
            is not viable, simply because there are not enough resources.”690

         
         Brown points out that the total agricultural area will drop by about 50 percent, since
            the land will be used for roads, buildings and other purposes. This pattern we have
            seen already in Japan, South Korea and Taiwan. Moreover, Brown notes that China already
            has high yields and consequently cannot expect dramatic improvements. Fertilizer use
            is already high in China and even higher fertilization is unlikely to increase yields
            much in the years ahead. Moreover, reports seem to indicate that both water and wind
            erosion are high, further reducing the probability of productivity increases. China also has a
            high degree of air pollution, assumed to reduce yields by 5–10 percent. Finally Lester
            Brown points out that it will not be possible for the world market to cover the staggering
            needs of China’s future imports. Consequently, we can expect to see large price increases
            on grain and a world economy in crisis. “For the first time in history, the environmental
            collision between expanding human demand for food and some of the earth’s natural
            limits will have an economic effect that will be felt around the world.”691

         
         But many of Brown’s assumptions have turned out to be very tenuous indeed. Brown overestimates
            the number of future Chinese in 2030. He assumes there will be more than 1.6 billion,
            where the UN estimates 1.462, and the US Census Bureau estimates 1.483 billion.692

         
         Alexandratos, who has been in charge of the FAO’s 2010 world food prognosis, and Crook
            from the US Department of Agriculture have set Brown straight on a number of issues.693 They point out that the figures Brown uses to estimate agricultural area are seriously
            under-reported, because peasants evade registration in order to pay less in land taxes,
            something which Brown is aware of but inexplicably ignores.694 Several reports and USDA have indicated that the real agricultural area is 40 percent
            larger, a number which was finally acknowledged by China in late 1999.695

         
         Both his critics find that Lester Brown has not argued properly for his assumed dramatic
            decline in agricultural area. Brown has actually just used the change from 1990 to
            1994 – a four-year data period – to predict the change over the next 35 years. Recalling
            Brown’s arguments with yields, it is not surprising that the choice of period is fitted
            such that the overall low point lies in 1994 and 1990 is almost the peak year.696 As one agricultural expert points out, Brown’s comparison of the land use experience
            of Japan, South Korea and Taiwan with China “can only be described as audacious and
            seriously misleading.”697 One authority summarizes in a 2000 assessment of China’s agriculture: “Urbanization
            and other non-agricultural construction have taken only negligible shares of China’s
            land.”698

         
         
         Finally, Brown assumes that China’s yields are very high and that they consequently
            cannot get much higher. But since the area is underreported, it means that the actual
            yield is much lower than the official estimate, leaving much more room for improvement.
            Also, Brown himself assumes that China’s yields will grow 54 percent over the coming
            30 years.
         

         
         All this means that Lester Brown is the only one to predict that China’s grain demand
            will cause the global food market to tumble. Figure 56 shows that all research organizations agree that China will buy more grain on the
            international market, but all except Worldwatch Institute makemuch lower demand predictions. The difference is more than 400–500 percent. Consequently, most
            agricultural economists agree that Brown’s evaluation of China is way too pessimistic.
            IFPRI concludes that “China is already a significant player in world food markets
            and is likely to become increasingly important. However, it does not represent a major
            threat to world food markets.”699 In a review of the different China models, the authors found that there are two basic
            models: Brown’s (and a very similar model), which ignores prices and technological
            advances, and some advanced, multi-sector models with varying degrees of sophistication.
            Their conclusion states that Brown’s, and its sister model, “are really worst case
            scenarios that suggest what would happen if all other things fail to respond to changes
            in the economic environment. These studies should not, therefore, be taken seriously,
            especially in the formulation and evaluation of policies to direct the course of future
            food balances.”700 Instead the other models give “remarkably consistent projections for production,
            demand and trade,” all predicting imports of 15–25 million tons in 2010–20.701
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         Figure 56 China’s future grain import as estimated by different agencies and the actual demand
            in 1999/2000 (ERS 2000:10). USDA= US Department of Agriculture, CAS= China’s Academy
            of Science, IFPRI=International Food Policy Research Institute, FAPRI=Food and Agricultural
            Policy Research Institute, SPC=China, State Planning Commision, WB=World Bank, CASS=Chinese
            Academy of Social Science, WI=Worldwatch Institute. Source: ERS 1996:1, World Bank
            1997d, USDA 2000b.
         

         
         This understanding was supported by a report from the World Bank in September 1997,
            which concluded that “China can remain food secure over the next two or three decades
            and domestic food production will largely keep pace with population growth.”702 The total estimated import for 2020 was in line with the estimates from the other
            research organizations – with a self-reliance strategy the import need would be 30
            million tons.703 Again, far below the estimate of Lester Brown. Likewise, in 1999 the International
            Institute of Applied Systems Analysis concluded its China analysis with a loud: “Yes,
            China can feed itself!” pointing out the necessary policy steps to be taken.704

         
         Today, we can also evaluate the first five years of Brown’s predictions. Land area,
            which Brown estimates will shrink by 1.58 percent a year, should have declined by
            more than 15 percent from 1990 to 1999. Actually, the area has increased slightly.705 Brown’s dramatic land reduction seems to have vanished thus far.
         

         
         Equally, Brown assumed a yield increase of 1.09 percent per year, and this is only
            confirmed due to a very good year in 1990 and the very poor harvest in 2000 – the
            average yield increase from 1990 to 1999 has been more than 40 percent higher at 1.56
            percent.706

         
         The latest figures for imports show not only that China has belied Brown’s estimates
            but that imports have been lower than the most moderate estimates. In 1999/2000 China
            was “awash in grain” as USDA put it, with stocks at “record levels.”707 China will import 4.2 million tons of grain, while exporting 11.4 million tons, making
            a net export of 7.2 million tons.708 Now, USDA is assuming a total import in 2009/10 of just 2.66 million tons.709

         
         Overall, Brown has predicted that China’s grain production should be down to 315 million
            tons in 1999. The actual output was 395.1 million tons, right within the estimates
            of IFPRI and the World Bank, but some 25 percent above what Brown had predicted.710

         
         Should we worry about erosion?

         
         Another common worry that has featured in the literature is “the degradation and depletion
            of an environmental resource, for example, the erosion of cropland.”711 This fear is based on the fact that when earth erodes owing to the effects of rain
            and wind, it loses its nutrients and is rendered less capable of retaining water,
            consequently leading to smaller yields. Lester Brown estimated in 1984 that worldwide
            we lose 25.4 billion tons of top-soil annually.712 In 1995, Pimentel from Cornell University (whom we met discussing global health in
            the introduction) estimated the global erosion at 75 billion tons of lost top-soil
            annually.713

         
         However, there are two serious problems with these figures on erosion. First, they
            are based on very few and uncertain estimates, primarily stemming from the US. Pimentel found in 1974 that the US lost 30 tons of
            top-soil per hectare, whereas we now know that the true figure was 12 tons per hectare.714 His estimate of 17 tons per hectare for all of Europe has turned out to stem – via
            a string of articles, each slightly inaccurately referring to its predecessor – from
            a single study of a 0.11 hectare plot of sloping Belgian farmland; the author himself
            warns against generalization from this.715 The 75 billion tons figure comes from an environmental atlas by Myers.716 IFPRI concludes that “the early, high estimates of soil degradation have not been
            substantiated.”717 One of the few studies actually to have looked at long-term measurements in China
            and Indonesia (making up 15 percent of the globally eroded area) has found very little
            support for these high estimates.718 Indeed, as regards topsoil, the study shows that “the top-soil layer probably did
            not grow significantly thinner between the 1930s and the 1980s in either China or
            Indonesia.”719

         
         Second and more importantly, Pimentel neglects to discuss the two primary erosion
            studies, of which one has been sponsored by the UN. The studies seem to indicate that
            the effect on agricultural production is vastly overstated.
         

         
         There is no doubt that over the last couple of hundred years we have lost more topsoil
            than has been created, and that the absolute loss is increasing, primarily because
            we have had increasing agriculture.720 Nor is there any doubt, that there has been soil erosion ever since the beginning
            of agriculture and that writers of the classical era were already worrying about the
            phenomenon.721

         
         But the important point here is of course the effect of erosion on agricultural productivity.
            Here it turns out that there is no clear connection between erosion and yield. FAO,
            the Food and Agricultural Organization of the UN, puts it thus: the impact of erosion
            “on crop yields or production has not been well established in physical terms though
            there have been many attempts to do so. The relationship between erosion and productivity
            loss is more complex than previously thought.”722 The FAO adds that much of the disappearing soil is simply deposited further down
            the slope, valley or plain, and that the yield loss in the eroded area could be compensated
            by yield gains elsewhere. It turns out that only very little eroded topsoil moves
            very far – the last two hundred years of water erosion in Piedmont, US, has moved
            only 5 percent of the eroded soil all the way into a river.723 A comprehensive study on China shows that the total consequence of the ups and downs
            in all the different soil characteristics shows “no net soil degradation.”724

         
         The two primary global studies of the effect of erosion on productivity have gone
            down different paths. One study has drawn on data from FAO to estimate the spatial
            extent and productivity effects of land degradation in the world’s dry areas which
            constitute the most vulnerable lands. The annual drop in productivity is estimated
            at 0.3 percent per year.725 The other study, which has been co-sponsored by the UN environmental organization
            UNEP, has asked almost 200 soil experts for their expert assessment on the extent
            and severity of land degradation in their respective areas, information that has been
            compiled into a large World Soil Degradation Map.726 About 17 percent of all land is degraded to some extent while only 0.07 percent is
            strongly degraded.727 For agricultural land, some 38 percent is affected, 20 percent moderately and 6 percent
            strongly.728 In total, this erosion has cost a cumulative loss of 5 percent of agricultural production
            over the 45 years from the end of World War II, or about 0.1 percent per year.729

         
         The question of soil erosion has to be seen in the light of the annual productivity
            increase of 1–2 percent, stemming from higher-yield varieties, better farming practices
            and greater use of irrigation, pesticides and fertilization. Compared to this productivity
            increase, the effect of soil erosion is so small that it often cannot justify an extra
            effort to combat it.
         

         
         
         Clearly, many resources are used each year by farmers to safeguard their lands against
            serious erosion, simply because they depend upon the land for their livelihood. This
            safeguarding is for instance achieved by fertilizing to avoid nutrient depletion,
            by creating terraces to hold water and soil, and by contour plowing and strip-farming.730 The problem here is primarily with poor peasants who cannot afford to think of tomorrow
            and consequently overexploit their land today.731 However, today it is actually possible to maintain the content and composition of
            soil indefinitely under proper agricultural management.732 Moreover, the FAO gives several examples of formerly abandoned or heavily degraded
            lands that have been rehabilitated at modest cost, and IFPRI points out that waiting
            for higher food prices before rehabilitating land often makes good sense.733

         
         For the US it is estimated that the total effect of soil erosion over the next hundred
            years will be about 3 percent. “By comparison with yield gains expected from advances
            in technology, the 3 percent erosion-induced loss is trivial.”734 Consequently, soil erosion may be a local problem and will often be a consequence
            of poverty, but the present evidence does not seem to indicate that soil erosion will
            to any significant degree affect our global food production, since its effects both
            up till now have been and in the future are expected to be heavily outweighed by the
            vast increase in food productivity.735

         
         What about fish?

         
         Lester Brown tells us that “the world’s farmers are struggling to feed more than 80
            million more people each year, good weather or bad. And now, for the first time in
            history, they can no longer count on fishing fleets to help them expand the food supply.”736

         
         As we have seen above, agriculture is not particularly in need of help. But more importantly,
            a slightly increased fishery would not make much difference anyway. Despite Brown’s
            claim that “humanity … depends heavily on the oceans for food,”737 fish constitutes a vanishingly small part of our total calorie consumption – less
            than 1 percent738 – and only 6 percent of our protein intake stems from fish.739

         
         Nevertheless, Lester Brown is very interested in the fisheries, because here things
            are just not progressing. The annual State of the World practically outbids itself in describing the deplorable state of the “collapsing fisheries.”
            “If fishing continues, the fishery eventually collapses,” and “oceanic fisheries have
            collapsed not just off the coast of developing countries … but also off those of industrial
            countries,” and it can be expected that these problems will lead to “mounting social
            disruption, economic pressures, and the threat of violence.”740 Worldwatch Institute concludes that the per capita fish catch is down by 7.5 percent
            since 1988 and that it is expected to decline even further.741

         
         But as is often the case, this does not tell the whole story.

         
         The global fish catch has in the 1990s not increased as much as earlier, as is evident
            in Figure 57. This is primarily because the world’s fishing fleets have a general tendency to
            over-fish particular stocks. It is estimated that about 35 percent of the fish catch
            is obtained from stocks showing declining yields.742 This is due to a mechanism with which we are all familiar: everyone’s responsibility
            is nobody’s responsibility. When the inhabitants in an apartment block share a garden
            they all want it to look good. The problem is, however, that everyone hopes somebody
            else will do the cleaning and weeding.
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         Figure 57 Marine catch and fish farm production per capita and the total marine catch, 1950–99
            (1999 data are preliminary). Source: WI 1998b, USBC 2000, FAO 2000b, 2001b.
         

         
         
         The phenomenon was first named by Garrett Hardin, describing a particular problem
            in sixteenth-century England. Here large open areas, the so-called commons, were free
            for all to use as pasture. The poor put out livestock on these commons and obtained
            a much-needed supplement to their meager income. It was advantageous for each to put
            out more and more livestock, but the social consequence was far more livestock than
            the commons could handle – damaging the outcome for everyone. Hardin named this phenomenon
            Tragedy of the Commons.743 Fisheries share much of the same dynamics. Since the oceans belong to everyone they
            are no one’s responsibility. Consequently, for the individual fisherman the name of
            the game is to fish as much as possible, no matter what the others do. The consequence
            is that everyone over-fishes.
         

         
         
         
         If all fishermen refrained from fishing they would make no money, but if all fishermen
            were to fish up the entire ocean, they would make no future money either (because
            the oceans would have been emptied). It is possible to show that there is an optimal
            level of fishing in between these two extremes. Here many fish are caught (which means
            much money now), but at the same time sufficient quantities of fish are left (to breed
            the fish for the coming years).744

         
         
         
         The trouble is that the optimal level can only be attained if some sort of ownership
            can be established over the fish.745 When, for instance, a state expands its sea territory to 200 nautical miles, and
            thereby owns all fish within this border, the state can (through permits, for example)
            make sure only the optimal amount of fish is caught. But often it is hard or impossible
            to own fish because many species such as tuna and salmon cover long distances, migrating
            beyond the 200 nautical miles (allowing other states to catch them). Moreover, states
            – particularly in the Third World – often have a hard time regulating and especially
            reducing the number of fishermen. Finally, ownership rights cannot easily be allocated
            over the many fish living in the oceans.
         

         
         When a state or an international convention cannot secure an optimal exploitation,
            we are left with everyone battling against everyone else. Here fishermen will over-invest
            in expensive equipment, so that they can over-fish the oceans fastest and most efficiently.
            The only limit to the investment is when the sea becomes so empty that further fishery
            is no longer profitable. Consequently, the world’s fishery today is a mixture of control
            and optimal utilization on the one side, and over-fishing and a gold-digger attitude on the other.
         

         
         The oceans could produce about 100 million tons of fish a year, which we can harvest
            “for free” (in the sense that we do not have to feed them). Right now we only catch
            about 90 million tons, the missing 10 million tons being the price we pay for over-fishing
            the seas.746 Of course, we would love to be able to get hold of that extra 10 million tons, but
            this in no way decides the outcome of food availability, despite Lester Brown’s statements
            quoted above. Even if the world’s fisheries could be perfectly orchestrated such that
            we were able permanently to catch the extra 10 million tons, this addition would be
            the equivalent to the increase in the rest of the world’s agricultural production
            over the next 19 days, measured in calories.747 Thus, not catching the extra 10 million tons is inefficient but in effect equivalent to just
            putting the world food development back a bit less than three weeks.
         

         
         We cannot significantly expand our production of fish catch beyond the 100 million
            tons, precisely because this harvest comes to us for free. Instead, we have started
            focusing on growing fish on fish farms, particularly in China. This production has quintupled since 1984.748 The consequence has been that even though fish catches have not been able to keep
            pace with the population growth, the total fish production has increased so much that
            the fish per capita in the late 1990s once again exceeded all previous years (Figure 57).749

         
         When Lester Brown generally finds that we get less fish per capita it is because he
            does not include fish farm production. This decision seems somewhat odd, since in
            getting the calories or protein, it appears of minor importance whether the consumer’s
            salmon stems from the Atlantic Ocean or a fish farm.
         

         
         Looking forward, the FAO expects that fish consumption will increase dramatically
            – per person by more than 23 percent till 2030.750 This will mean that fish farm production will exceed the catch from traditional fisheries.751 However, it is also likely that prices will be higher because increasing income in
            the developing countries will lead to higher demand for fish.752

         
         Conclusion

         
         Lester Brown has worried about food production since the beginning of the 1970s. Countless
            times he has predicted that now food production would go down and prices up. In 1974 he wrote, “throughout most of
            the period since World War II, the world food economy has been plagued by chronic
            excess capacity, surplus stocks, and low food prices. But emerging conditions suggest
            that this era is ending and is being replaced by a period of more or less constant
            scarcity and higher prices.”753 He made the same statement in 1996, just updating the years: “Clearly, we are entering
            a new era. An age of relative food abundance is being replaced by one of scarcity.”754 But both statements were wrong. By early 2001 wheat was cheaper than ever. The IMF’s
            food price index had dropped to the lowest value ever.
         

         
         Again, in 1981 Lester Brown wrote that the future growth in yields “may be much less
            than has been assumed in all official projections of world food supply. The post-war
            trend of rising yields per hectare has been arrested or reversed in the United States,
            France, and China.”755 All three countries went on to experience annual yield growth rates between 2.3 percent
            and 5 percent.756

         
         We have here studied the best arguments and data that Lester Brown has been able to
            put forth to vindicate the argument that population growth would outpace food production.
            However, they do not seem to carry much weight. Prices are still declining. There
            is no “wall” for maximum yields in sight. At the same time, a large proportion of
            the world’s peasants can achieve a dramatic improvement in yield simply by approaching
            the yields that are obtained by the best 20 percent of today’s producers. The FAO
            expects that production will still increase by 1.6 percent annually in the developing world over the next
            15 years.757

         
         The grain stocks are not particularly low, and anyway there is no particular reason
            to worry about them. Actually, food security is today better exactly because of enlarged
            international trade. And the “feedgrain buffer” will secure human food supply even
            in the case of a catastrophic harvest.
         

         
         There is no reason to believe that China in any decisive way will shake the world’s
            food market. Up till now, Brown has been dramatically wrong on all his predictions
            concerning China. And finally, since fisheries only supply about 1 percent of the
            world’s food, its future is less decisive for human nutrition, and even here production
            per capita in the late 1990s have exceeded all previous years.
         

         
         Consequently, the FAO predicts that there will be more food for more people, both in 2010, 2015 and 2030.758 It is expected that there will be fewer malnourished people, and that all regions
            will experience increasing available calories per capita – the forecast till 2030
            is shown in Figure 58. The same general conclusion is reached by IFPRI, USDA and the World Bank–and all
            three predict ever lower prices.759

         
         The development will, however, be unevenly distributed for the individual regions,
            and sub-Saharan Africa will still do less well than the other regions, with only a
            slight improvement in nutrition and small growth in the economy. Also, it will become
            necessary for some developing countries to import more food, and while this will not
            be a problem for the resourceful regions in Asia it will cause more hardship for the
            economically shaky regions of Africa. As mentioned earlier this is primarily a problem
            of poverty, which again is best handled by strong economic growth.
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         Figure 58 Daily intake of calories per capita in the industrial and developing countries and
            world, 1961–2030. Forecast from 1998. Source: FAO 2000d:23, 2001a.
         

         
         But the main conclusion remains: all the studies from FAO, IFPRI, USDA and the World
            Bank show that there is no imminent agricultural crisis or any approaching scarcity
            of food. Food will get cheaper and ever more people will be able to consume more and
            better food.
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         10   Forests – are we losing them?

         
         
         The forests are another form of renewable resource we may be overexploiting. Many
            people have a strong feeling that the forests are simply disappearing. A Time magazine environmental survey carried the headline: “Forests: the global chainsaw
            massacre.”760 The World Resources Institute simply calls it: “Deforestation: the global assault
            continues.”761 The WWF has disseminated a similar message on its website. The forest front page
            that greeted the visitor until April 1998 can be seen in Figure 59. “We must ACT NOW to preserve the last remaining forests on Earth,” it says. Elsewhere,
            WWF claims that, “The world’s forests are disappearing at an alarming rate.”762 This is in keeping with a statement by the WWF’s international president Claude Martin,
            who in 1997 called a press conference named Eleventh Hour for World’s Forests. Here
            he said: “I implore the leaders of the world to pledge to save their country’s remaining
            forests now – at the eleventh hour for the world’s forests.”763 Equally, he claimed that “the area and quality of the world’s forests have continued
            to decline at a rapid rate.”764 Worldwatch Institute even claims that “deforestation has been accelerating in the
            last 30 years.”765 But there are no grounds for making such claims. Globally, the overall area covered
            by forest has not changed much since 1950, as can be seen in Figure 60.766 Estimates of the possible future for global forests for the rest of the century is
            depicted in Figure 150, p. 283, where the very pessimistic estimates show a 20 percent decline, but most
            scenarios show a constant or even somewhat increasing forest area till 2100.
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         Figure 59 “We must ACT NOW to preserve the last remaining forests on Earth.” The WWF’s forests
            web homepage until April 1998. Source: http:www.panda.org/forests4life/
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         Figure 60 Different UN global forest cover estimates, of forest and woodland, 1948–94 and 1961–94,
            the more restrictive closed forest for 1980–95 and the new unified forest definition
            1990–2000, all from FAO. Source: FAO Production Yearbooks 1949–95, FAO 2000, 1995a,
            1997c, 2001c:34. Data availability is poor but by far the best available.767

         
         Of course, it is difficult to determine what actually constitutes forest, because
            there is a gradual transition from dense rainforest to savanna to bush steppe, in
            the same way as trees become less tall and stand further apart as one approaches the
            tree line. It is also extremely difficult to compare Brazilian rainforest with Danish
            beech woodland or an American plantation. If we nevertheless want to attempt such
            a comparison, Figure 60 contains the best information on the global forest area. It is, however, important
            to stress that it only provides a general impression of the situation.
         

         
         Globally, forest cover has remained remarkably stable over the second half of the
            twentieth century. With the longest data series, global forest cover increased from
            30.04 percent of the global land area in 1950 to 30.89 percent in 1994, or an increase
            of 0.85 percentage points over 44 years.768 With the somewhat shorter data series from 1961, global forest cover is estimated
            to have fallen from 32.66 percent to 32.22 percent. That is to say, it has fallen
            by 0.44 percentage points over the last 35 years or so. The UN carried out two global
            forest surveys in 1995 and 1997 and evaluated a more limited definition of forest
            area for the period 1980–90 and 1990–5. The survey found that the area covered by
            forest had shrunk from 27.15 percent to 25.8 percent, or by 1.35 percentage points,
            although these figures are vitiated by considerable uncertainty. For example, an upwards
            revision of the 1990 forest area was larger than the entire global decline in 1990–5
            (or to put it differently – had the 1990 forest area not been revised, the period
            1990–5 would have seen an increase in forested area).769 Moreover, Russia, which has the world’s largest forest cover, was not included in
            the survey. Thus, with these considerable short-term uncertainties it seems necessary
            to focus on the longest possible time periods. Those interested are referred to a
            longer discussion in the footnotes.770 In the newest forest study from 2001, the FAO has changed the definitions of forest
            once again and made a new estimate of forested area from 1990–2000, showing a small
            decline from 29.5 to 28.8 percent.771

         
         Most forest by far is concentrated in a few countries. Russia, Brazil, the US and
            Canada together have more than 50 percent of the world’s forest.772 Globally there is about two to three times as much forests as cropland.773

         
         Forests and history

         
         Since beginning farming, man has been felling woodland to get more land for cultivation.
            Plato wrote of the Attica heights outside Athens that they resembled “the skeleton
            of a body wasted by disease” as a result of deforestation.774

         
         Europe has lost 50–70 percent of its original forest.775 Much of the continent’s forest was felled in the early Middle Ages, to provide either
            more agricultural land or firewood. Half of France’s forest disappeared between 1000
            and 1300.776 The Black Death wiped out one-third of Europe’s population in the middle of the fourteenth
            century, relieving pressure on the forests, which in many cases grew back again.777 It was not until the 1500s and 1600s that an ever increasing number of people again
            put the forests under pressure, and more large areas of it were felled. By 1700, France’s
            forests had been reduced in size by more than 70 percent compared to 1000 CE.778 In the eighteenth century, however, people became aware of the fact that the forests
            were a limited resource and that they were important for naval shipbuilding purposes.
            For this reason forest area in Europe only fell by about 8 percent from 1700 onward.779

         
         The US has only lost approximately 30 percent of its original forest area, most of
            this happening in the nineteenth century.780 The loss has not been higher mainly because population pressure has never been as
            great there as in Europe. The doubling of US farmland from 1880 to 1920 happened almost
            without affecting the total forest area as most was converted from grasslands.781

         
         On the other hand, many other regions of the world experienced increased deforestation
            in the nineteenth century.782 Latin America became part of the world economy at an early stage and has cleared
            approximately 20 percent of its forest cover over the last 300 years.783 Much of it went to make way for sugar and later coffee although a gold and diamond
            fever, which started in 1690, also helped to clear approximately 2 percent of the
            forest in Brazil.784

         
         Asia, which has long had intensive farming, joined the world economy relatively late.
            It was not until the American Civil War and the opening of the Suez Canal in 1869
            that India began to export cotton on a large scale.785 All in all, southern Asia and China have lost about 50 percent of their forest cover
            since 1700.786 Southeast Asia, on the other hand, has only lost 7 percent over the last 300 years,
            while Africa and Russia have each lost a little under 20 percent.787

         
         Globally it is estimated that we have lost a total of about 20 percent of the original
            forest cover since the dawn of agriculture.788 This figure is far smaller than the one so often bandied about by the various organizations.
            The WWF, for example, claims that we have lost two-thirds of all forests since agriculture
            was introduced, as mentioned in the introduction, although there is no evidence to
            support this claim.789

         
         Deforestation: a general view

         
         The forests have many advantages to offer. The most obvious of these come from an
            estimated 5,000 commercial products, mainly construction timber, furniture, paper
            and firewood.790 It is estimated that, at the global level, forestry contributes some 2 percent of
            world GDP, or more than US$600 billion.791

         
         
         In addition to this, the forests offer recreation for urban-dwellers, they help to
            prevent soil erosion, which silts up rivers and reservoirs, and they reduce flooding.792 Finally, the forest is home to many species of animals, especially the rainforest,
            as will be discussed in the section on biodiversity.
         

         
         The temperate forests, most of which are in North America, Europe and Russia, have
            expanded over the last 40 years. On the other hand, quite a lot of tropical forest
            is disappearing. Tropical forests are home to by far the majority of animal and plant
            species and by far the largest biomass on the planet.793 In the tropical rainforest, which is the wet part of the tropical forest, one will
            often find several hundred species of tree within just a few hundred square kilometers.794 This is in stark contrast to the boreal forests – in Canada’s more than 1,000 square
            kilometers of boreal forest there are only about 20 different tree species.795

         
         In the late 1970s it was feared that half or more of the rainforests would disappear
            within the next few decades. President Carter’s environment report, Global 2000, estimated an annual tropical forest loss of between 2.3 percent and 4.8 percent.796 The well-known biologist Norman Myers estimated as recently as the early nineties
            that 2 percent of all forest was being destroyed every year and believed that by the
            year 2000 – in just nine years at the time of his prediction – we would have lost
            about a third of the tropical forest area.797 Actually, he claimed that “in just another few decades, we could witness the virtual
            elimination of tropical forests.”798 Estimates in the same range of 1.5–2 percent were common among biologists.799 Today we know that these estimates went way over the mark. The usual FAO estimates
            put net deforestation in the tropics in the 1980s at 0.8 percent a year, falling to
            0.7 percent in the 1990s.800 With FAO’s new 2001-study, based on accurate satellite imagery, the estimate of the
            net tropical deforestation has declined even further to 0.46 percent.801

         
         These figures are still high though, and there are three main reasons for this. For
            one thing, the tropical forests often have either no or poorly administered property
            rights. In reality, the problem resembles the situation of world fishing, described
            earlier. If the rainforest is everybody’s property, it will be nobody’s responsibility.
            Pioneers will simply clear an area, try to farm it and probably ruin the soil in the
            course of a few years before moving on to a new area.802 Often the problem of poor regulation is not tackled politically, because the alternative
            for the local government is an increasing number of poor and unemployed citizens –
            and therefore more potential political unrest – in the big cities.
         

         
         For another thing, the tropical forests are extremely valuable in terms of the timber
            they provide. Trade with large lumber companies is often a quick and easy way out
            for economically distressed developing nations. In Surinam, timber conglomerates have
            offered the country investments of a size similar to its GDP for the right to log
            trees in one-third of the country’s forests.803 With inflation at 500 percent and unemployment on the increase, an offer like this
            can be almost irresistible. The cost in the first instance would be borne by the small
            population of Indians who live in the forests. In the long term, though, they are
            selling the family silver. Over time, Surinam would be able to administer its forests
            much better and get much more for the produce they offer if the country were under
            less economic pressure.
         

         
         Finally, collecting fuelwood is a major reason for deforestation in the developing
            world. Although wood only provides 1 percent of the world’s energy, it accounts for
            25 percent of the energy consumption in the developing world as a whole and as much
            as 50 percent in Africa.804 Used primarily for cooking and heating, the wood is gathered by the poorest families,
            who cannot afford other and cleaner fuels such as kerosene. This contributes to local
            deforestation and desertification. In many African cities, there is no firewood to
            be found within a radius of 50 kilometers, and women and children spend between 100 and 300 days a year just scavenging for it.805 There are many quick-growing alternatives to ordinary wood which could be planted
            in selected areas with poor soil to provide fuel. Also, the traditional three-stone
            fire only exploits about 6 percent of the energy emitted, whereas cheap metal stoves
            can double the efficiency and locally made ceramic stoves quadruple the efficiency,
            reducing indoor pollution and saving up to 20 percent on household fuel costs.806

         
         All the three above problems of deforestation can be characterized as bad management.
            The three causes actually have their roots in other problems faced by the developing
            world. Unregulated deforestation is largely due to the presence of large groups of
            poor and landless, and overexploitation of wood fuel is basically due to low income.807 At the heart of both problems lies the task of reducing poverty and achieving increased
            growth.
         

         
         Similarly, the lumber problem frequently arises because countries are caught in a
            debt trap and are forced to think short-term and thus more easily fall victim to bad
            deals.808 If the industrialized countries want to focus on tropical deforestation, then they
            should pay the developing countries for the preservation of the forests. This happened
            in the first debt-for-nature swap in Bolivia, where an American bank consortium purchased
            part of Bolivia’s national debt in return for a promise that 1.5 million hectares
            of tropical forest were converted to a biological reserve. Unfortunately, Bolivia
            did not keep its promise, and the area is still not legally protected.809 The idea has, however, been adopted by Ecuador, Costa Rica and the Philippines.810 Most analysts basically agree that tropical timber can be harvested in a biologically
            viable fashion, but that stricter rules need to apply.811

         
         Deforestation: how much?

         
         However, in order to evaluate the entire extent of this problem, it is necessary to
            look at how much tropical forest has actually disappeared. Although precise figures
            are not available, the Conservation Union World, the IUCN, estimates that 80 percent
            of the original forest cover is still in place. Within historical times, then, just
            about 20 percent of all tropical forests has disappeared.812 Compared with the developed world, where we have cleared almost half of our forest,
            this is a relatively small figure.
         

         
         Countries such as Nigeria and Madagascar have admittedly lost well over half their
            original rainforest, and Central America may have lost 50–70 percent.813 But overall, they are only home to about 5 percent of the world’s tropical forest.
            Most of it by far is in the Brazilian Amazon.814 The Brazilian forests make up a third of the world’s tropical forest. In comparison,
            Indonesia – the second largest tropical forest area – “only” has 6 percent of the
            global total.
         

         
         In 1988, scientists at Brazil’s space agency (INPE) announced that its satellites
            had located as many as 7,000 fires, and that Brazil was now cutting down 8 million
            hectares of its forests – some 2 percent – a year.815 These figures attracted extensive criticism of Brazil for its destruction of irreplaceable
            nature. It later transpired, however, that these figures had been grossly overstated,
            and the official preliminary estimate for 1999 was about 1.7 million hectares a year,
            or just below 0.5 percent a year. In actual fact, overall Amazonian deforestation
            has only been about 14 percent since man arrived, as can be seen in Figure 61.816 At least some 3 percent of this 14 percent has since been replaced by new forest.817

         
         Obviously, Figure 61 doesn’t look that bad. There is in fact reason to believe that 70 percent of the
            Amazon forest will remain intact, and in April 1998 the Brazilian government promised
            that protection orders would be slapped on a further 25 million hectares.818

         
         The WWF, however, told us in 1996 that deforestation had increased by 34 percent since
            1992. They did not tell us a year later that the 1997 rate had fallen by over 50 percent, the second lowest amount since monitoring
            began.
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         Figure 61 Remaining forest in the Amazon, which accounts for one third of the world’s tropical
            forest, 1978–99. Source: INPE 2000:7; Brown and Brown 1992:121.
         

         
         How much forest?

         
         If a considered political decision is to be made about how much forest we want to
            have in the world, it is crucial for us to have a comprehensive view of the arguments
            for and against exploitation of the forests.
         

         
         There are two primary reasons for viewing the tropical forests as a vital resource.
            In the 1970s we were told that rainforests were the lungs of the Earth. Even in July
            2000, WWF argued for saving the Brazilian Amazon since “the Amazon region has been
            called the lungs of the world.”819 But this is a myth.820 True enough, plants produce oxygen by means of photosynthesis, but when they die
            and decompose, precisely the same amount of oxygen is consumed. Therefore, forests
            in equilibrium (where trees grow but old trees fall over, keeping the total biomass
            approximately constant) neither produce nor consume oxygen in net terms. Even if all
            plants, on land as well as at sea, were killed off and then decomposed, the process
            would consume less than 1 percent of the atmosphere’s oxygen.821

         
         The other argument in favor of preserving the forests is to conserve the globe’s profusion
            of species, or the biodiversity. We will look into this argument in chapter 23. In short it can be said that over the next 50 years we will not lose 50 percent
            of all species as claimed by many, but more like 0.7 percent. One cannot generally
            argue that these species constitute an actual economic resource (along the lines that
            they may constitute new and potentially vital medicines) but we may well hold moral
            reasons for their preservation.
         

         
         At the same time, numerous false impressions exist regarding the condition of our
            forests. Most people believe that over the last 50 years we have wiped out large swathes
            of rainforest, and perhaps temperate forest as well. Statements such as the one from
            the WWF quoted above naturally help to cement this idea. But as we have pointed out,
            there has not been a fall in global forest area during this period. On the other hand,
            Europe got rid of a large proportion of its forest by the end of the Middle Ages in
            order to make room for farming and bigger populations.
         

         
         Many people also worry that our paper consumption and the use of printed advertising
            is laying the forests to waste. The Worldwatch Institute wrote in 1998 that “the dramatically
            increasing demand for paper and other wood products … [is] turning local forest destruction
            into a global catastrophe.”822 But in actual fact, our entire consumption of wood and paper can be catered for by
            the tree growth of just 5 percent of the current forest area.823

         
         Similarly, many allege that although forest cover has remained constant, this is because
            we have less natural forest and more plantations. The old natural forest has a wealth
            of species, while plantations consist of genetically identical trees which support
            very few other plant and animal species.824 This, of course, is an offshoot from the general biodiversity argument. But for one
            thing it is not obvious that plantations reduce overall biodiversity. Certainly, they
            do have fewer species locally, but precisely because the purpose of plantations is to produce masses of wood, they reduce the economic pressure on other
            natural forests. As a result, these forests are better shielded, can support higher
            biodiversity or become better recreational areas for humans;825 60 percent of Argentina’s wood is produced in plantations which constitute just 2.2
            percent of the total Argentinean forest area, thus relieving the other 97.8 percent
            of the forests.826 For another thing, plantations are typically claimed to be huge. WWF states that
            plantations “make up large tracts of current forest area.”827 Of course, words such as “large tracts” are vague, but according to the FAO, plantations
            make up just 3 percent of the world’s forest area.828

         
         Finally, we heard a great deal about the forest fires in Indonesia in 1997, which
            for months laid a thick layer of smog over all of Southeast Asia from Thailand to
            the Philippines. The fires constituted a genuine health problem and with a total cost
            of almost 2 percent of GDP had appreciable economic impact.829 However, they were also exploited as a means to focus attention on deforestation.
            The WWF proclaimed 1997 as “the year the world caught fire” and their president, Claude
            Martin, stated unequivocally that “this is not just an emergency, it is a planetary
            disaster.”830 Summing up, WWF maintained that, “in 1997, fire burned more forests than at any other
            time in history.”831

         
         This is not the case, however. In their report, the WWF estimated that the fires in
            Indonesia involved 2 million hectares, despite the fact that this is higher than any other estimate cited in the report. Although the 2 million hectares are mentioned
            constantly, it is only well into the text that it becomes apparent that the figure
            comprises both forest and “non-forest” areas.832 The official Indonesian estimate was about 165,000–219,000 hectares.833 Later, satellite-aided counting has indicated that upwards of 1.3 million hectares
            of forests and timber areas may have burnt.834 The independent fire expert Johann Goldammer said that “there is no indication at
            all that 1997 was an extraordinary fire year for Indonesia or the world at large.”835

         
         The WWF also estimates that forest fires in Brazil are “on as great a scale as those
            in Indonesia,” but provide no references.836 They state that the number of forest fires increased in 1997, although they do later
            tell us that the vast majority of fires involved land that had already been cleared.837 The Brazil Environment Agency estimates that 94 percent of all fires are on land
            that has already been burnt, and Brazil’s Institute for Environmental Research in
            the Amazon estimates about 72 percent.838

         
         The WWF report fails to sum up the extent of the various other fires, typically about
            5,000 hectares in Tanzania and 40,000 in Colombia.
         

         
         Altogether, however, the WWF’s figures are nowhere near the 2.4–3.6 million hectares
            of forests that burned on just the Indonesian part of Borneo in 1983–4, and the figure
            is well below the 13 million hectares that burned in China and the former USSR in
            1987.839 In fact, it is estimated that fires each year burn some 10–15 million hectares of
            boreal and temperate forest, 20–40 million hectares of tropical forests, and up to
            500 million hectares of tropical and subtropical savannas, woodlands and open forests.840 Russian forest fires alone are estimated at about 12 million hectares each year.841 In conclusion, 1997 was in no way the year in which fire burned more forests than
            at any other time in history.
         

         
         What is more, the assessment of forest fires presents other problems. For one thing,
            only a small portion of the burned areas actually affects original forest. The WWF
            estimates that “only” approximately 100,000 hectares of primary forest were destroyed
            in 1997 – less than one-thousandth of the Indonesian forest area.842 Most forest burning by far takes place on soil already exploited as part of the annual
            sugar cane harvest, in order to secure fields and grassland, and because it is believed
            to be good for the soil.843

         
         For another thing, fire has been utilized by man since time immemorial. Investigations
            suggest that simultaneously with man’s arrival in Australia, the vegetation became
            fire-resistant.844 In global terms it is estimated that overall burning of biomass has only grown by
            50 percent at the most since 1880, despite the rapid population increase and an associated
            increase in the use of slash-and-burn agriculture.845

         
         Conclusion

         
         Generally speaking one has to ask what foundation we actually have for our indignation
            about tropical deforestation, considering our own deforestation of Europe and the
            US. It seems hypocritical to accept that we have benefited tremendously from felling
            large sections of our own forests but not to allow developing countries to harvest
            the same advantages.
         

         
         However, we can still point to two facts. First, people in developing countries often
            exploit their forests in a short-term, unnecessarily injudicious fashion – a policy
            that will harm them in the long run. Exploitation is due both to individual poverty
            and to poor government finances. Both problems are really rooted in poor economic
            conditions, and solutions therefore need to include solid, economic growth, in order
            to ensure that, in future, developing countries will be able to afford the resources
            to establish a broader perspective on forest development.
         

         
         Second, we ought to put our money where our mouths are, if we seriously mean what
            we say about our desire to inhibit the reduction of biodiversity. If we do not want
            the developing countries to exploit their forest reserves in the same way as we did
            ours, we should compensate them for it. This could be achieved in several ways. We
            have already mentioned debt-for-nature swaps, under which Western companies or nations
            redeem debts in return for the protection of significant natural areas. It would also
            be possible to achieve better protection of developing nations’ forests by implementing
            a global certification system. Briefly, this involves using a specific international
            label to inform consumers that timber products come from forests which are cultivated
            viably and responsibly.846 Again this solution involves linking problems to the market so as to make it profitable
            for developing countries to exploit their forests in a responsible fashion.
         

         
         Basically, however, our forests are not under threat. In a historical perspective,
            about 20 percent of all forest has been lost, while about a third of the world’s land
            mass is still covered by forest, and since World War II this area has not changed
            much. Tropical forests are being deforested, though on levels much below the feared
            1.5–4.6 percent per year – the newest data from the FAO indicate an annual rate of
            0.46 percent. In developing countries, forests are sometimes managed in a thoughtless
            and irresponsible fashion, but the primary solution to this will be higher growth
            and a better economic foundation so as to secure the countries concerned the resources
            to think long-term. On moral grounds, we can aspire to reduce tropical deforestation
            with the aim of limiting the reduction in biodiversity, although we must also realize
            that biodiversity is being reduced to a much lesser extent than originally thought.
         

         
         Finally, the world’s demand for paper can be permanently satisfied by the wood production
            of just 5 percent of the current forest cover. Plantations do not account for much
            of the overall forest area, and they actually help relieve pressure on natural forest,
            which still-dominate more than 95 percent of the world’s forests.
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         11   Energy

         
         
         We will soon run out of oil. Again.

         
         As E magazine wrote in July 2000:
         

         
         Here’s the scenario: Sticker shock at the gas pumps, with prices nearly doubling overnight.
            Long lines at the few stations that are open. Crude cardboard signs reading “out of
            gas” blocking incoming traffic at the ones that are closed. Huge sales on “full-sized”
            vehicles. Long waiting lists for econoboxes. Nineteen seventy three? Nineteen seventy
            nine? How about2007?847

         
         We have heard it all before.848 And we probably haven’t heard it for the last time. But the argument seems not to
            be based on the facts. There are good reasons to believe that we will not have dramatic
            price increases, and that we will actually be able to handle our future energy needs.
         

         
         We are a civilization built on energy

         
         Each and every one of our actions demands energy. Our own body supplies energy equivalent
            to a 100 watt bulb,849 but already early in history man attempted to gain control over more energy, primarily
            through the use of animals and slaves. Not long after we also learned through technical
            prowess to use nature’s energy: sails for ships as well as wind and water mills. Nevertheless,
            it was only with Watts’ invention of the steam engine in 1769 that it became possible
            for man to produce large amounts of energy on demand. The steam engine laid the foundation
            for the Industrial Revolution, which in England over the next hundred years changed
            production from being based almost exclusively on human labor to obtaining its primary
            energy input from fossil fuel.
         

         
         But at the same time it became obvious that production was no longer able to rely
            on wood for energy supply. England was quickly becoming deforested. Increasingly coal
            was being used in both England and the US (Figure 62), partly because it was a better energy source than wood, partly because it was available
            in much larger quantity. This process repeated itself in all industrialized countries
            and cemented our dependence on energy and non-renewable resources. In this century
            coal has been replaced by oil, because it is easier to transport, store and use.
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         Figure 62 The US energy consumption 1750–2000 of fuel wood, coal, petroleum and gas, hydropower
            and nuclear power, in exajoule (1018 J, approximately 167 million barrels of oil or 37 million tons of coal). Source:
            EIA 2000d:349–50, 2001a:1.852

         
         
         Coal, oil and natural gas are all the breakdown products of plants millions of years
            old. Consequently, they are collectively known as fossil fuels. Most of our coal is
            the remains of land plants that lived 300–400 million years ago and decomposed in
            vast swamps. First they were transformed into peat, then later into coal when sufficient
            pressure and temperature squeezed out the remaining water.850 Oil and natural gas, however, are composed primarily of plankton which dropped to
            the seafloor some 2–140 million years ago. The ratio and quality of oil and gas depends
            on pressure and temperature – perhaps surprisingly most gas is produced where pressure
            is highest.851 Crude oil consists of many different chemical elements, and it has to be refined
            before we can obtain products such as gasoline, diesel fuel, heating oil, and the
            substances used for asphalt.
         

         
         Today, our civilization is heavily dependent on the adequate supply of energy. By
            the end of the nineteenth century human labor made up 94 percent of all industrial work in
            the US. Today, it constitutes only 8 percent.853

         
         If we think for a moment of the energy we use in terms of “servants,” each with the
            same work power as a human being, each person in Western Europe has access to 150
            servants, in the US about 300, and even in India each person has 15 servants to help
            along.854 It is indeed unpleasant to imagine what it would be like to live without these helpers.
         

         
         Do we have enough energy to go on?

         
         The main question is whether this dependency is sustainable. The surprising answer
            is that we will not run out of fossil fuel within the foreseeable future.
         

         
         But what do we do in the long run? Our present-day energy supply is based on coal
            and oil, created over millions of years. Many have pointed out the apparent problem
            that – to uphold our civilization – we consume millions of years’ resources in just
            a few hundred years. Rather, we should use our resources sustainably, such that our
            consumption does not prevent future generations from also making use of these resources.
            But even if this argument sounds quite reasonable, it is impossible to use isolated,
            non-renewable resources such that future generations can also be assured of their
            use.855 Even if the world used just one barrel of oil a year this would still imply that
            some future generation would be left with no oil at all.856

         
         However, this way of framing the question is far too simple. According to the economics
            Nobel laureate Robert Solow, the question of how much we can allow ourselves to use
            of this or that resource is a “damagingly narrow way to pose the question.”857 The issue is not that we should secure all specific resources for all future generations
            – for this is indeed impossible – but that we should leave the future generations
            with knowledge and capital, such that they can obtain a quality of life at least as
            good as ours, all in all.

         
         This is actually a surprisingly important insight. Let us look at it in connection
            with oil.Sooner or later it will no longer be profitable to use oil as the primary fuel for
            the world. The price of oil will eventually increase and/or the price the other energy
            sources will fall. But societies do not demand oil as such, only the energy this oil
            can supply. Consequently, the question is not whether we leave a society for the coming
            generations with more or less oil, but whether we leave a society in which energy
            can be produced cheaply or expensively.
         

         
         Let us put this slightly more simplistically. If our society – while it has been using
            up the coal and oil – simultaneously has developed an amazing amount of technical
            goods, knowledge and capital, such that this society now can use other energy sources
            more cheaply, then this is a better society than if it had left the fossil fuel in the ground but also neglected to develop
            the society.
         

         
         Asking whether we will run out of oil in the long run is actually a strange question.
            Of course, in the long run we will undoubtedly rely on other energy sources. The reason
            why the question nevertheless makes us shudder is because it conjures images of energy
            crises and economic depression. However, in this chapter (as well as the next on raw
            materials) we will see that there are sufficient resources for the long-term future
            and that there are good reasons to expect that when the transition happens it will
            happen because it actually makes us even better off.
         

         
         As Sheik Yamani, Saudi Arabia’s former oil minister and a founding architect of OPEC,
            has pointed out: “the Stone Age came to an end not for a lack of stones, and the oil
            age will end, but not for a lack of oil.”858 We stopped using stone because bronze and iron were superior materials, and likewise
            we will stop using oil, when other energy technologies provide superior benefits.859

         
         The oil crisis

         
         What actually happened to the oil crisis? We were told over and over that oil was
            getting scarcer and that now it would run dry. But it didn’t happen. The oil crisis happened because the OPEC countries
            during the 1970s and the beginning of the 1980s were able to cut back on production
            and squeeze up prices. But it was never an indication of an actual scarcity. There
            was – and still is – oil enough.860 Nevertheless, ever since we started depending on fuel we have been worried about
            running out. For many, the first oil crisis in 1973 was exactly proof of the scarcity
            of resources.
         

         
         One year earlier a book had been published that was to prove both immensely popular
            and influential – Limits to Growth. Using the new concepts of systems analysis and computer simulation, the book served
            as a focal point for analyses of our overconsumption and our course towards disaster
            in the 1970s. From seemingly endless scrolls of computer output the book showed us
            a variety of scenarios leading to catastrophe and breakdown. The book was based on
            two simple and basic arguments, that even today often seem to be the starting point
            for most resource discussions. Both points refer back to Malthus and questions of
            agricultural production, but they can be formulated quite generally. The first point
            supposes that many processes in social expansion grow; the second assumes that there
            are limits to this growth.
         

         
         When you place a single bacterium in a jar with lots of nutrients it will quickly
            multiply. Suppose it can double each hour. After one hour the glass contains 2 bacteria,
            after two hours 4 bacteria, then 8, 16, 32, etc. This is an example of exponential
            growth. A doubling takes place for each time interval. This exponential growth constitutes
            the first assumption. Many human phenomena seem to have this character. Draw a graph
            of the number of people on Earth over time, and it will seem exponential. Money in
            the bank with a 5 percent interest rate will grow exponentially, doubling every fourteenth
            year. Actually everything that has stable growth rates constitutes exponential growth. The economy, the GDP, society’s capital, the demand for goods, etc.
         

         
         Limits constitute the second assumption. That Earth only contains a limited amount
            of resources is really just an obvious consequence of the fact that Earth is a sphere.
            This is why this idea is so enchanting. There is simply a limit to what the Earth
            can contain. If we use some of the resources there will be less left over for the
            next year, and sooner or later we will run out. There are, indeed, limits to consumption.
         

         
         With the assumptions of exponential growth and limited resources we can easily make
            a doomsday prophecy. Exponential growth means that demand goes up and up, faster and
            faster, while limited resources set a sharp upper limit for the cumulative supply.
            And a doomsday prophecy was exactly what we got from Limits to Growth. Along with numerous other resources, Limits to Growth showed us that we would have run out of oil before 1992.861 As we know, that did not happen. Ehrlich told us in 1987 that the oil crisis would
            return in the 1990s.862 That did not happen either.
         

         
         One might have thought that history would have made us wiser. But 1992 saw the publication
            of Beyond the Limits, the revised edition of Limits to Growth. Here, once again, we were told that our resources would soon run out.863 Perhaps the first edition had been somewhat mistaken in the exact prediction of the
            year of resource exhaustion, but now we would soon see the problems cropping up. Beyond the Limits predicts once again that we will run out of oil (2031) and gas (2050). We might be
            able to postpone the pain somewhat, but gas consumption grows by 3.5 percent a year,
            i.e. consumption doubles every 20 years.864 Thus, every twentieth year we have to find as much new gas as our entire cumulated
            consumption up till now. “Thus is the nature of exponential growth,” as the book puts
            it.
         

         
         How much oil left?

         
         Throughout most of history petroleum has been scorned as a sticky, foul-smelling material.
            Among the few known uses was the fabled Tower of Babel, built to a height of 90 meters
            with bricks cemented with the petroleum product bitumen.865 Tar was used to waterproof boats like Noah’s Ark.
         

         
         Until the middle of the nineteenth century the demand for lubricants and illuminants
            was serviced by vegetable and animal oils, especially whale oil. But through the invention
            of various distillation processes oil suddenly became an interesting commodity. During
            the next 50 years the commercial production of oil expanded rapidly, and since the
            first large discoveries in the Middle East at the beginning of the twentieth century
            there has been a virtual explosion in production after World War II (Figure 63).
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         Figure 63 World energy production 1890–1999 in exajoule, distributed by fuel source. Source:
            Simon et al. 1994, WRI 1996a, WI 1999b, EIA 2000:39–40, 269. Note: This figure only represents
            the energy distributed in a market. It is estimated that about a fourth of all energy
            in the developing countries derives from wood; Botkin and Keller 1998:264. Including
            traditional, non-commercial energy sources would add about 7 percent to the commercial
            production; WRI 1998:332.
         

         
         
         
         Constituting 1.6 percent of global GDP, oil is today the most important and most valuable
            commodity of international trade.866 Oil can be found all around the world, but the largest resources by far are to be
            found in the Middle East – it is estimated that somewhere between 50 and 65 percent
            of the global reserves are found here.867 Consequently, it is also imperative for our future energy supply that this region
            remains reasonably peaceful.868

         
         Oil is the most versatile of the three primary fossil fuels. Oil has high-energy content,
            it is relatively compact, and it is easy to transport. Conversely, coal is heavier,
            more bulky and pollutes more. Gas is clean, but very bulky and requires pipelines
            for transportation.869 This is reflected in the relative prices as seen in Figure 64, where oil is the most expensive per energy unit, and coal the cheapest. That gas
            has become more expensive than coal over time is precisely due to the fact that many
            nations have installed pipelines to exploit this cleaner energy source.
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         Figure 64 US price per energy unit for oil, gas and coal, and price of gasoline per gallon
            at the pump (excluding tax and adjusted to regular unleaded price) in 2000 US$, 1950–2000.
            A million BTU is equivalent to about 30 liters (8 gallons) of oil. Source: EIA 1999c:63,
            159–61, 2000c:117, 129, 131, 2001a:129, 131, CPI 2001, DOT 2000:2–9.878

         
         
         We have long been told that we were running out of oil. In 1914 the US Bureau of Mines
            estimated that there would be oil left over for only ten years’ consumption. In 1939 the Department of the Interior projected that
            oil would last only 13 more years, and again in 1951 it was again projected that oil
            would run out 13 years later.870 As Professor Frank Notestein of Princeton said in his later years: “We’ve been running
            out of oil ever since I’ve been a boy.”871

         
         How should scarcity be measured? Even if we were to run out of oil, this would not
            mean that oil was unavailable, only that it would be very, very expensive. If we want
            to examine whether oil is getting more and more scarce we have to look at whether
            oil is getting more and more expensive.872 Figure 65 shows that the price of oil has not had any long-term upward trend.
         

         
         The oil price hike from 1973 to the mid-80s was caused by an artificial scarcity,
            as OPEC achieved a consistent restraint to production.873 Likewise, the present high oil price is caused by sustained adherence to OPEC agreed
            production cutbacks in the late 1990s.874 Thus, it is also expected that the oil price will once again decline from $27 to
            the low $20s until 2020.875 This prediction lies well in the middle of the $17–$30 stemming from eight other
            recent international forecasts.876

         
         The reason why it is unlikely that the long term trend will deviate much from this
            price is that high real prices deter consumption and encourage the development of
            other sources of oil and non-oil energy supplies. Likewise, persistently low prices
            will have the opposite effects.877

         
         
         
         
         In fact, if we look at the real price of gas at the pump (the consumer price) excluding
            tax, it stands at $1.10, on a par with the lowest prices before the oil crisis (Figure 64). This is because most of the gas price consists of refining and transportation,
            both of which have experienced huge efficiency increases.879

         
         At the same time Figure 66 demonstrates that we have more reserves than ever before. This is truly astounding.
            Common sense would tell us that if we have 35 years’ consumption left in 1955, then
            we should have 34 years’ supply left the year after.880 Yes, actually we should probably rather have 33 years’ worth left because we consumed
            more oil in 1956 than in 1955. But Figure 66 shows that in 1956 – contrary to what common sense would indicate – there were more years of reserves even at a higher annual consumption.881 Nor when we look at remaining years of supply does oil seem to be getting scarcer.
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         Figure 65 Oil price 1871–2020 in 2000 US$, and world production 1882–2020, US Energy Information
            Age prediction for 2001–20. Source: Simon et al. 1994, EIA 1999c:63, 273, 2000e:127, 153, 2001a:117, 137, 2001c:13, CPI 2001.
         

         
         Notice how Figure 65 seems to indicate that oil consumption steadily increases (with the exception of the 1970s) just as predicted by the doomsayers: consumption is headed
            towards a breakdown. But look at Figure 67, where demand is depicted in the same diagram as the collected, known reserves. Here
            it is clear that the development in reserves by far outpaces development in demand.
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         Figure 66 Years-of-consumption: world oil reserves compared to the annual production, 1920–2000.
            Source: Simon et al. 1994, EIA 1997b:Table 11.3, 11.5, 1999c:271, 2000d:277, 2000a:109, 2000c:136, 2001a:137,
            2001b:113. Total reserves until 1944 are only American, since 1944 for the entire
            world.
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         Figure 67 The world’s known oil reserves and world oil production, 1920–2000. Source: As Figure 66.
         

         
         
         Optimists and pessimists arguing

         
         Why is it that we continuously believe oil will run out, when it is not happening?

         
         In 1865 Stanley Jevons, who was one of Europe’s most highly esteemed scientists, wrote
            a book on England’s coal use. In his analysis, the Industrial Revolution saw a relentless
            increase in the demand for coal, which inevitably would cause the exhaustion of England’s
            coal reserves and grind its industry to a halt. “It will appear that there is no reasonable
            prospect of any release from future want of the main agent of industry.”882 His arguments were not unlike those expounded in the Limits to Growth. But what he did not realize was that when the price of coal increased it would also
            increase the incentive to search for more effective ways to use coal, to search for
            new coal reserves, to find cheaper ways of transporting coal, and to search for other
            energy sources such as oil.883 Jevons’ crisis never took place.
         

         
         
         That we can both use resources better and find more and more could be subsumed under
            the idea of human ingenuity. True, Earth is spherical and limited, but this is not
            necessarily a relevant objection. The problem is rather how large are the deposits
            that are actually accessible for exploitation. These deposits can seem limited, but
            if price increases this will increase the incentive to find more deposits and develop better
            techniques for extracting these deposits. Consequently, the price increase actually
            increases our total reserves, causing the price to fall again.
         

         
         Actually, the question of whether resources are becoming more scarce or more abundant
            is staked on these two approaches: doomsayers claiming that resources are physically
            limited and consequently must grow scarcer and cornucopians focusing on human ingenuity and the empirical evidence of the data. Whether the one or the other is right is in
            truth an empirical question.884

         
         Ever more oil available

         
         Looking at Figure 65 it is clear that the price of oil has not had any long term increase and that oil
            has not been getting scarcer. Looking at Figure 66, it is clear that we have more and more oil left, not less and less. But it still
            seems odd. How can we have used ever more and still have even more left?
         

         
         The answers to this question point to the three central arguments against the limited
            resources approach.
         

         
         1. “Known resources” is not a finite entity. It is not that we know all the places with oil, and now just need to pump it up. We explore new areas and
            find new oil. But since searching costs money, new searches will not be initiated
            too far in advance of production. Consequently, new oil fields will be continuously
            added as demand rises. This is part of the reason why we see years of consumption
            increasing and not decreasing.
         

         
         Actually, it is rather odd that anyone could have thought that known resources pretty
            much represent what is left, and therefore predict dire problems when these have run
            out. It is a little bit akin to glancing into my refrigerator and saying: “Oh, you’ve
            only got food for three days. In four days you will die of starvation.” No, in two
            days I will go to the supermarket and buy some more food. The point is that oil will
            come not only from the sources we already know but also from many other sources which
            we still do not know.885 US Geological Surveys have regularly been making assessments of the total undiscovered
            resources of oil and gas, and writing in March 2000 they state: “Since 1981, each
            of the last four of these assessments has shown a slight increase in the combined
            volume of identified reserves and undiscovered resources.”886

         
         2. We become better at exploiting resources. We use new technology to be able to extract
            more oil from known oil fields, we become better at finding new oil fields, and we
            can start exploiting oil fields that previously were too expensive and/or difficult
            to exploit. An initial drilling typically exploits only 20 percent of the oil in the
            reservoir. Even with present-day, advanced techniques, using water, steam or chemical
            flooding to squeeze out extra oil, more than half the resource commonly remains in
            the ground unexploited. It is estimated that the ten largest oil fields in the United
            States will still contain 63 percent of their original oil when production closes
            down.887 Consequently, there is still much to be reaped in this area. In the latest US Geological
            Survey assessment, such technical improvement is expected to yield more than a 50
            percent increase of identified reserves.888

         
         At the same time we have become better at exploiting each liter of oil. The average
            US car has improved its mileage by 60 percent since 1973.889 Likewise, home heating in Europe and the US has improved by 24–43 percent.890 Many appliances have become much more efficient – the dishwasher and the washing
            machine have cut about 50 percent of their energy use.891

         
         Still, efficiency has much potential to be increased. It is estimated that 43 percent
            of American energy use is wasted.892 The US Department of Energy estimates that we could save anywhere from 50 percent
            to 94 percent of our home energy consumption.893 We know today that it is possible to produce safe cars getting more than 50–100 km
            per liter (120–240 mpg).894 Of course, while such efficiency gains have often been documented, the reason why
            they have not all been utilized is simply because it does not pay at the current energy
            price and level of technology.895

         
         Most nations actually exploit energy better and better: we use less and less energy
            to produce each dollar, euro or yen in our national product. Figure 68 shows how the US has produced ever more goods with the same amount of energy since
            1800, and this holds true for the UK since 1880 and the EU and Japan from 1973.897 For the world at large, almost twice the amount of wealth was produced in 1992 per
            energy unit compared to 1971.898 Over the same period Denmark actually went even further and “delinked” the connection
            between a higher GDP and higher energy consumption: in total Denmark used less energy in 1989 than in 1970 despite the GDP growing by 48 percent during that time.899
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         Figure 68 Energy efficiency for the US, 1800–1999 and the UK, 1880–1997. Shows how 1 EJ of
            energy could produce just 19 billion 2000 US$ in 1800, whereas the same amount of
            energy could produce more than $90 billion in 1999. Source: As in Figure 30, Figure 62, and Fouquet and Pearson 1998.896

         
         3. We can substitute. We do not demand oil as such but rather the services it can
            provide. Most often we want heating, energy or fuel, and this we can obtain from other
            sources. Therefore we can swap to other energy sources if they show themselves to
            be better or cheaper. In England around the year 1600 wood became increasingly expensive
            (because of local deforestation and bad infrastructure) and this prompted a gradual
            switch over to coal, a similar movement to the one in the US, depicted in Figure 62.900 During the latter part of the nineteenth century a similar substitution took place
            from coal to oil.
         

         
         In the short run, it would be most obvious to substitute oil with the other commonly
            known fossil fuels such as gas and coal. In the longer run, however, it is quite possible
            that we will cover a large part of our energy consumption using nuclear power, wind
            and solar power, biomass and shale oil.
         

         
         Other fossil energy sources

         
         Gas is a clean and cheap energy source, requiring, however, a large pipeline distribution
            system. Gas has had the largest growth of all the fossil energy sources since World
            War II – production has increased more than 12-fold since 1950 as is evident in Figure 69. While gas only constituted about 10 percent of the global energy in 1950, today
            it constitutes 23 percent.901 Gas releases much less carbon dioxide per energy unit than the other fossil fuels,
            where coal in particular is the big culprit.902

         
         Despite the dramatic increase in production, gas has become more abundant over time, just like oil. But given the arguments above, this should not surprise us. Today,
            our gas reserves have more than doubled since 1973. Despite using ever more gas each
            year the gas reserves will last ever more years. In 1973 we had enough gas for the
            next 47 years given 1973 consumption. In 1999 we had gas for 60 years, despite consumption
            having shot up more than 90 percent.904
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         Figure 69 World gas production, price and years of consumption. Production in exajoule, 1925–1999,
            price in 2000 US$ per gigajoule, 1949–2000, and years of consumption, 1975–1999. Source:
            WI 1999c, EIA 1999c:63, 269, 2000a:109, 131, 2001b:42, CPI 2001, BP 1998, 1999.903

         
         Historically, coal has been the most important fossil fuel, but in the post-war period
            it has been partially displaced by oil. Only with the energy crisis in the 1970s did
            coal again become an interesting energy source, although it is heavy and bulky and
            consequently costly to transport.905 Therefore most coal is consumed close to its source – only 10 percent of all coal
            is exported compared to 60 percent of all oil.906 In Denmark, coal replaced a large part of our oil consumption after the initial 1973
            oil shock, and only slowly has gas begun to replace coal. This tendency has been widespread
            throughout Europe since gas is cleaner and because local coal in Germany and England
            has become too expensive.907

         
         Typically, coal pollutes quite a lot, but in developed economies switches to low-sulfur
            coal, scrubbers and other air-pollution control devices have today removed the vast
            part of sulfur dioxide and nitrogen dioxide emissions.908 Coal, however, is still a cause of considerable pollution globally, and it is estimated
            that many more than 10,000 people die each year because of coal, partly from pollution
            and partly because coal extraction even today is quite dangerous.909

         
         But coal can supply us with energy for a long time to come. As with oil and gas, coal
            reserves have increased with time. Since 1975 the total coal reserves have grown by
            38 percent. In 1975 we had sufficient coal to cover the next 218 years at 1975 levels,
            but despite a 31 percent increase in consumption since then, we had in 1999 coal reserves
            sufficient for the next 230 years. The main reason why years-of-consumption have not
            been increasing more is due to reduced prices.910 The total coal resources are estimated to be much larger – it is presumed that there
            is sufficient coal for well beyond the next 1,500 years.911 Production has increased almost tenfold over the last hundred years, but, as can
            be seen in Figure 70, this has not led to any permanent increase in price (beyond the oil crisis price
            hike). Actually, the price of coal in 1999 was close to the previous low of 1969.
         

         
         At the same time there are several other discoveries that have expanded the fossil
            fuel resources considerably. First, we have now begun to be able to exploit methane
            gas in coal beds. Earlier, miners would fear seeping methane gas that could cause
            explosions and make the mine collapse. Today, this gas can be exploited. The precise
            recoverable amounts of coal bed methane are not known, but are estimated to exceed
            the current reserves of natural gas and could be double the size.912 This discovery alone gives us gas for at least another 60 years.
         

         
         An increasing amount of attention has been given to tar sands and shale oil. Both
            contain oil which unfortunately is much harder to extract and consequently more expensive to exploit. In Canada, oil has been extracted
            from tar sands since 1978 and here the costs have dropped from $28 per barrel to just
            $11.914 For comparison the price of a barrel of oil was $27 in 2000.
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         Figure 70 World coal production, price and years of consumption. Production in billion tons,
            1888–1999, price in 2000 US$ per ton, 1880–1999, and years of consumption, 1975–1999
            in hundreds of years (right axis). Source: Simon et al. 1994, EIA 1997b:Table 3.2, 11.15, EIA 1999c:63, 2000a:23, 2000d:205, 2001b:25, 295,
            Freme and Hong 2000:5, CPI 2001, BP 1998, 1999.913

         
         The US Energy Information Agency estimates that today it will be possible to produce
            about 550 billion barrels of oil from tar sands and shale oil at a price below $30,
            i.e. that it is possible to increase the present global oil reserves by 50 percent.915 And it is estimated that within 25 years we can commercially exploit twice as much
            in oil reserves as the world’s present oil reserves. Should the oil price increase
            to $40 per barrel we will probably be able to exploit about five times the present
            reserves.
         

         
         The total size of shale oil resources is quite numbing. It is estimated that globally
            there is about 242 times more shale oil than the conventional petroleum resources. There is more than eight times
            more energy in shale oil than in all other energy resources combined – oil, gas, coal,
            peat and tar sands.916 This stunning amount of energy is the equivalent of our present total energy consumption for more than 5,000 years.917

         
         Consequently, there is no need for any immediate worry about running out of fossil
            fuels. A proportion of the fossil fuels, however, is probably only accessible at a
            higher price. Still, there is good reason to believe that the total energy share of
            our budget – even if we continue to depend solely on fossil fuels – will be dropping.
            Today the global price for energy constitutes less than 2 percent of the global GDP,
            and yet if we assume only a moderate continued growth in GDP this share will in all
            likelihood continue to drop. Even assuming truly dramatic price increases on energy
            of 100 percent, by the year 2030 the share of income spent on energy will have dropped
            slightly.918

         
         Nuclear energy

         
         Nuclear energy constitutes 6 percent of global energy production and 20 percent in
            the countries that have nuclear power.919 Despite growth in Asia, the prospects for this sector spell stagnation until 2010
            and a minor recession after that. This recession is mainly caused by perceived problems
            of security as stressed by the accidents at Three Mile Island and Chernobyl which
            undermined many people’s confidence in this energy source.920

         
         Ordinary nuclear power exploits the energy of fission by cleaving the molecules of
            uranium-235 and reaping the heat energy. The energy of one gram of uranium-235 is
            equivalent to almost three tons of coal.921 Nuclear power is also a very clean energy source which, during normal operation,
            almost does not pollute. It produces no carbon dioxide and radioactive emissions are
            actually lower than the radioactivity caused by coal-fueled power plants.922

         
         At the same time nuclear power also produces waste materials that remain radioactive
            for many years to come (some beyond 100,000 years). This has given rise to great political
            debates on waste deposit placement and the reasonableness of leaving future generations
            such an inheritance. Additionally, waste from civilian nuclear reactors can be used
            to produce plutonium for nuclear weapons. Consequently, the use of nuclear power in
            many countries also poses a potential security problem.
         

         
         For the moment there is enough uranium-235 for about 100 years.923 However, a special type of reactor – the so-called fast-breeder reactor – can use the much more common uranium-238 which constitutes over 99 percent of all
            uranium. The idea is that while uranium-238 cannot be used directly in energy production
            it can be placed in the same reactor core with uranium-235. The uranium-235 produces
            energy as in ordinary reactors, while the radiation transforms uranium-238 to plutonium-239
            which can then be used as new fuel for the reactor.924 It sounds a bit like magic, but fast-breeder reactors can actually produce more fuel
            than they consume. Thus it is estimated that with these reactors there will be sufficient
            uranium for up to 14,000 years.925 Unfortunately these reactors are more technologically vulnerable and they produce
            large amounts of plutonium that can be used for nuclear weapons production, thus adding
            to the security concerns.926

         
         Nuclear power, however, has barely been efficient in the production of energy and
            this is probably the major reason why its use has not been more widespread.927 It is difficult to find unequivocal estimates of the total costs since there are
            so many different variables that can affect the calculations, but typically the price
            hovers around 11–13 cents for one kilowatt-hour (kWh) in 1999 prices.928 This should be compared with an average energy price for fossil fuels of 6.23 cents.929

         
         In the longer run, the primary focus is no longer on fission energy but rather on
            fusion energy. This technology aims at fusing two hydrogen atoms into a single atom
            of helium. A single gram of fuel can develop the same energy as 45 barrels of oil.930 Fuel comes basically from ordinary sea water and thus supply is virtually infinite.
            Moreover, there will be very little radioactive waste or emissions. However, fusion
            demands astronomical temperatures and despite investments above $20 billion we have
            still only managed to achieve 10 percent of the laser power necessary for producing
            energy.931 Consequently it is supposed that fusion energy will be commercially available only
            after 2030 or perhaps only well into the twenty-second century.932

         
         Renewable energy

         
         Renewable energy sources, unlike fossil fuels, can be used without ever being used
            up.933 These are typically sources such as sun, wind, water and Earth’s internal heat. Up
            until a few years ago these energy sources were considered somewhat “alternative”
            – pet projects for “bearded vegetarians in sandals” as The Economist puts it.934 But this picture is changing.
         

         
         
         There are great advantages in using renewable energy. It pollutes less, makes a country
            less dependent on imported fuel, requires less foreign currency, and has almost no
            carbon dioxide emission.935 Moreover many of the technologies are cheap, easy to repair and easy to transport,
            ideally suited for developing countries and remote regions.
         

         
         Looking at Figure 71 it is clear that renewable energy sources constitute only 13.6 percent of the global
            energy production. Here, the two important constituents are hydroelectric power and
            traditional fuels. Water power makes up 6.6 percent of global energy production. The
            traditional fuels consist of fuel wood, charcoal, bagasse (fibrous cane residue left
            over from sugar production), and animal and vegetal wastes. These make up 6.4 percent
            of the world’s energy production and constitute more than 25 percent of the energy
            consumption in the developing countries.936

         
         The other, more well-known renewable energy sources such as biomass, geothermal energy,
            wind and solar power make up the last 0.6 percent of global energy production, or
            the top, thin slice in Figure 71. Of this slice, the greater part is made up by the 0.4 percent of biomass – burning
            wood and agricultural waste for energy, but also energy production from municipal
            waste incineration.937 The rest consists mainly of 0.12 percent from geothermal energy, made with the heat
            from the earth’s interior.
         

         
         The best-known renewables, wind and solar power, supplied in 1998 just 0.05 percent
            of all energy produced, wind dominating with almost 0.04 percent and solar energy
            putting in a mere 0.009 percent.938 Even for electricity alone, wind power makes up just 0.09 percent and solar energy
            0.02 percent.939 In the progressive EU only 5.6 percent of the consumed energy is renewable, with
            most being supplied from biomass (3.7 percent) and hydropower (1.8 percent), whereas
            wind makes just 0.04 percent and solar 0.02 percent.940

         
         Virtually every year, Lester Brown makes much of the fact that the use of renewable
            energy sources grows much faster than that of oil:
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         Figure 71 Share of global energy production by different sources, 1998, in total 428 EJ. Non-renewables
            like oil, gas, coal and nuclear power make up 86.4 percent. Renewables consist primarily
            of hydroelectric power generation and traditional fuels, such as fuelwood and charcoal
            primarily used in the Third World. Finally, in the thin slice on top, comes the well-known
            renewable sources, 0.6 percent in total, with biomass, geothermal, wind and solar
            power. Source: EIA 2000a:201ff, WRI 1998b.941

         
         In earlier years, the discussion on energy centered on what the new economy would
            look like. Now we can actually see it emerging. It can be seen in the solar cell rooftops
            of Japan and Germany, in the wind farms of Spain and Iowa, and in the widely varying growth rates
            of the various energy sources. While wind use was expanding at 22 percent a year from
            1990 to 1998 and photovoltaics at 16 percent per year, the use of oil was growing
            at less than 2 percent and that of coal was not increasing at all.942

         
         But such growth rate comparisons are misleading because, with wind making up just
            0.05 percent, double-digit growth rates are not all that hard to achieve. In 1998,
            the amount of energy in the 2 percent oil increase was still 323 times bigger than
            the 22 percent increase in wind energy.943 Even in the unlikely event that the wind power growth rate could continue, it would
            take 46 consecutive years of 22 percent growth for wind to outgrow oil.944

         
         Put simply, this low share of renewable sources in global energy production is simply
            a consequence of the sources not yet being competitive compared to fossil fuels.945 Up till now most renewable energy projects have been completed with public funding
            and tax rebates.946 But as is clear from Figure 72, price has been rapidly declining, and it is expected that this decline will continue.
         

         
         Hydroelectric power is important for many nations – it supplies more than 50 percent
            of the electricity production in 63 countries and at least 90 percent in 23 countries.947 Hydropower has been competitive for quite some time but it is also quite well developed
            and there are few substantial opportunities for expansion in Europe.948 Moreover, hydropower also has several downsides: partly because it often has negative
            consequences for the environment,949 and partly because most dams silt up within 20 to 50 years. It is expected that Egypt’s
            Aswan High Dam will be at least half silted by 2025.950

         
         Geothermal energy from tapping the Earth’s internal heat can also be competitive,
            but only a few places in the world are just right, for example locations in the Philippines
            and Indonesia.951

         
         Presently the most competitive renewable energy source with a wide applicability is
            wind power. The price today is around 5–6.4 cents per kWh, and although this is more
            than ten times cheaper than the price 20 years ago, it is still somewhat more expensive
            than energy derived from fossil fuels.953 Though the price is expected to decline further, it is expected still to be about
            50 percent higher than the cheapest electricity production from gas-fired generating
            plants in 2005, and some 20 percent higher in 2020.954
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         Figure 72 Price per kWh for different renewable energy sources, 1975–2030. Primary source:
            DOE 1997, CPI 2001.952

         
         Many people are often surprised that renewable energy is not cheaper than fossil energy.
            After all, the fuel is free. True, but there are several reasons why this is not the
            main issue. First, the price of the actual fuel only makes up a fairly small part
            of the total energy cost – in 1995 the fossil fuel price accounted only for 16 percent
            of the total cost of electricity.955 Second, fossil fuels have a solid lead in research and development, since they have
            been around much longer and have had much larger shares of the national research budgets.
            Finally, the use of fossil fuels also gets much more efficient over time. New research
            has made capital costs fall by 2.5 percent with each doubling of new capacity. Concurrently
            more competition and better management mean that coal-fired power plants needing 250 people in 1982 could make do with just 200 people in 1995. Gas-fired
            power plants have experienced even larger efficiency gains, with a drop in the required
            manpower of 28 percent in the same period.956 Deregulation of the oil and gas market as well as electricity has also made energy
            from non-renewable fuels cheaper.957

         
         Nevertheless, it is important to focus on the fact that the difference in cost between
            traditional fossil fuels and some of the cheapest renewable energy sources is so relatively
            slight. Moreover, these economic costs do not include the negative social cost of
            fossil fuel use on the environment. Energy from a coal-fired power plant may still
            be 20–50 percent cheaper than the energy produced by a windmill, but if the effects
            on environment and humans from coal pollution and waste products exceed the price
            difference then society ought to choose wind energy.958

         
         Recently, one European and two American large-scale projects have attempted to examine
            all costs associated with electricity production, all the way from the mortal risks of
            mining coal, the traffic hazards of transportation and occupational hazards of production
            including consequences of acid rain, particles, sulfur dioxide, nitrogen oxides and
            ozone on lakes, crops, buildings, children and old people and up to the consequences
            of tax codes and occupation plus a long, long list of similar considerations and costs.959 Altogether these studies find that the extra social cost of new coal-fired power
            plants is around 0.16–0.59 cents per kWh.960 None of the three studies, however, quantifies the costs of carbon dioxide which
            probably means an additional 0.64 cents per kWh (cf. the chapter on global warming).961

         
         Consequently renewable energy actually has to drop somewhat in price before it will
            be competitive, even including social costs. Nevertheless, it is estimated that the
            price of renewable energy will fall faster than the price for conventional energy.
            It should however also be added that there is still quite a bit of uncertainty about
            the predictions of such prices, not the least because early predictions in hindsight
            have seemed rather optimistic – in 1991 the Union of Concerned Scientists predicted
            that solar power today would drop below 10 cents per kWh, but unfortunately it has
            still only dropped to about 50 cents per kWh.962

         
         Thus, it is unclear whether it is necessary to support renewable energy with subsidies
            and tax exemptions. In Denmark this subsidy is as much as 5 cents per kWh for wind
            energy,963 and in the US, subsidy for wind power is estimated at about 1.5 cents per kWh.964 It would still be much more effective to tax energy such that its actual price would
            adequately reflect the social costs in production and emissions.
         

         
         The underlying argument is often that we should support renewable energy because the
            market will discover only too late that we are running out of fossil fuels. But as
            we have seen above there is no risk of running out of fossil fuels anytime soon, even
            if some sources might be getting more expensive. Consequently, the assumption should
            still be that the market will invest the optimal amount of renewable energy if taxes
            reflect social costs.965 However, in the chapter on global warming, we will look at whether society might
            prefer to invest more heavily in research into making renewable energy cheaper more quickly.
         

         
         Nevertheless, the most important point in this section on energy is to stress not
            only that there are ample reserves of fossil fuels but also that the potentially unlimited
            renewable energy resources definitely are within economic reach.
         

         
         Solar energy

         
         By far the largest part of the energy on Earth comes from the sun. Only a small part
            comes from radioactive processes within the Earth itself. The sun gives off so much
            energy that it is equivalent to a 180-watt bulb perpetually lighting up every single square meter on Earth. Of course energy is not distributed
            equally – the tropics receive more than 250 watts whereas the polar regions get only
            about 100 watts.966

         
         The solar energy influx is equivalent to about 7,000 times our present global energy
            consumption.967 The scale of these relationships is depicted in Figure 73, where it is also clearly illustrated that the yearly solar energy by far exceeds
            any other energy resource. Or put in a different way: even with our relatively ineffective
            solar cells, a square area in the tropics 469 km (291 miles) on each side – 0.15 percent
            of Earth’s land mass – could supply all our current energy requirements.968 In principle this area could be placed in the Sahara Desert (of which it would take
            up 2.6 percent) or at sea.969 In reality, of course, one would not build a single, central power plant, but the
            example underscores partly how little space really is necessary to cover our energy
            needs, partly that the area can be placed somewhere of little or no biological or
            commercial value.
         

         
         The cheapest photovoltaic cells have become three times as effective since 1978, and
            prices have dropped by a factor of 50 since the early 1970s.970 Solar cells are not quite competitive yet, but it is predicted that the price will
            drop further and it is expected that by 2030 it will drop to 5.1 cents per kWh. Particularly
            in areas that are far from cities and established grids, solar cells are already now
            commercially viable.
         

         
         The remote Indonesian village of Sukatani was changed literally overnight when solar
            cells were installed in 1989. The equatorial nights, which last 12 hours all year
            round, previously left little to do. But today, children can do their homework after
            supper, the village sports a new motorized well pump providing a steady supply of
            water for better sanitation, and now some of the local warung (shops) are open after sunset and television sets provide entertainment and a window
            on the wider world.971
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         Figure 73 Energy contents in the annual solar radiation (2,895,000EJ), compared to the total resources of non-renewables (oil 8,690EJ; gas 17,280EJ; uranium 114,000EJ and coal
            185,330EJ), and the global, annual energy consumption (400EJ). The potential of the
            other big renewables are indicated; hydro power can maximally provide 90EJ and wind
            power 630EJ. For comparison, plant photosynthesis takes up about 1260EJ. All resources
            and potentials are best guesses and only to be taken as order of magnitude.972 Source: Craig et al. 1996:159, 163, 181, 193, Cunningham and Saigo 1997:505.
         

         
         Solar energy can also be exploited directly through heating and indirectly by growing
            plants, later to be burnt (biomass). In Denmark it is estimated that direct solar
            energy can provide about 10–12 percent of our energy.973 In the US also, biomass is predicted to have substantial growth. The trouble is,
            the green plants only poorly exploit sunlight, as is evident from Figure 73. It is unlikely that biomass will be able to provide a major part of global energy
            consumption – the total agricultural biomass production from stalks and straw, making
            up half the world’s harvests in mass, only constitutes about 65 EJ or about 16 percent
            of the current consumption.974 Green plants exploit on average 1–3 percent of solar energy, compared to solar cells’
            15–20 percent energy efficiency.975 Thus, solar cells only use one-thirtieth of the area required by plants – and they
            need not use good agricultural soil.976 At the same time biomass gives rise to a slew of other pollution problems, e.g. suspended
            particles, sulfur, nickel, cadmium and lead.977 Although biomass today still is not competitive it is cheaper than solar cells.978

         
         For many developing countries biomass would also have to compete with food production
            for access to agricultural land. For some places in the world, however, growing biomass
            may turn out to be sensible, since production can take place on poor soils, help prevent
            erosion, and even help recreate more productive soil.979

         
         The US Energy Information Agency estimates that solar energy could cover the entire
            American energy requirements more than 3.5 times over.980 But for this to become reality a lot of ingenuity is required.
         

         
         Japan has started integrating solar cells in building materials, letting them become
            part of roofs and walls.981 Others have produced watertight thin-film ceramic solar cells to replace typical
            roofing materials. In Wales an experimental center open to visitors has chosen solar
            cells not only to supply the building with electricity, but also because it can save
            costs for traditional roofing.982

         
         Wind energy

         
         Wind energy has been exploited through millennia. Long before the Current Era, ancient
            civilizations in China, India and Persia used wind to pump up water and to mill grain.983 Already in early medieval times windmills were a known technology throughout Europe,
            and the windmill remained the primary energy source till the arrival of the steam
            engine. In countries such as Denmark that did not have their own coal supply, the
            windmill continued to have a central position. In 1916 alone Denmark built more than
            1,300 new windmills.
         

         
         The oil crisis spurred a new research interest in windmills and since then fantastic
            results and progress have been achieved. Since 1975 prices have dropped by a whopping
            94 percent, and productivity has increased by 5 percent every year since 1980.984 Globally it is estimated that windmills can cover upwards of half of all energy consumption, but this would require in the region
            of 100 million windmills.985 Being the world leader in wind power, windmills in Denmark still produced only about
            9 percent of all Danish electricity in 1998.986 In the US, windmills produced just 0.1 percent of the total electricity production
            in 1998.987

         
         But problems will arise if a significant part of a nation’s electricity requirements
            are to be met by wind power. Close to inhabited areas windmill noise can be a nuisance.
            Moreover, to be effective, windmills need to be placed in open environments, and here
            they easily mar the scenery. The only long-term solution is placing windmills far
            out to sea. Not only will there be few if any esthetic problems but windmills are
            typically 50 percent more effective here.988

         
         Critics of windmills often point out that they are still not profitable, that they
            require much energy to produce, and that they kill birds.989 As we saw above, windmills are still not fully competitive, although they are probably
            no more than 30–50 percent more expensive, and even less when including the social
            and environmental costs of continued use of fossil fuels. In the longer run, they
            will undoubtedly be competitive or even cheaper.
         

         
         It is also objected that windmills themselves demand quite a bit of energy to be produced: the steel has to be mined, smelted and
            rolled, and the windmill itself has to be transported and in the end disposed of.
            However, going over the extended energy account, it turns out that a modern windmill
            can produce the energy used for its own production within just three months.990

         
         It is true that windmills kill birds, although the problem will be much smaller at
            sea. In Denmark it is estimated that about 30,000 birds die in collisions with windmills
            each year.991 In the US, the number is about 70,000.992 While this may seem a large number, it is fairly trivial compared to the loss of
            birds elsewhere.993 In Danish traffic alone it is estimated that far more than 1 million birds die each
            year, and in Holland about 2–8 million.994 In the US, cars are estimated to kill about 57 million birds every year, and more
            than 97.5 million birds die colliding with plate glass.995 In Britain, it is estimated that domestic cats annually kill some 200 million mammals,
            55 million birds and 10 million reptiles and amphibians.996

         
         Storage and mobile consumption

         
         Both solar power and wind energy have a timing problem: the sun does not necessarily
            shine and the wind does not necessarily blow when humans need energy the most. Thus
            it is necessary to be able to store energy.
         

         
         If the power grid is hooked to dams, these can be used for storage. Essentially, we
            use wind power when the wind blows, and store water power by letting water accumulate
            behind the dams. When there’s no wind, water power can produce the necessary electricity.
         

         
         However, this implies that both wind power and water power require a sizeable excess
            capacity, since both need to be able to meet peak demand. The solution also depends
            on relatively easy access to large amounts of hydroelectric power.
         

         
         Generally speaking it is therefore necessary to secure a larger diversification of
            production. Biomass and geothermal energy can be used at all times. Moreover energy
            can be stored in hydrogen by catalyzing water.997 The hydrogen can later be used in electricity production or as a general substitute
            for petrol in cars.998 Costs here are still about twice those of ordinary gas, but hydrogen would be an
            exceedingly environmentally friendly fuel, since its combustion only leaves behind
            water.
         

         
         Conclusion

         
         The evidence clearly shows that we are not headed for a major energy crisis. There is plenty of energy.
         

         
         We have seen that although we use more and more fossil energy we have found even more.
            Our reserves – even measured in years of consumption – of oil, coal and gas have increased.
            Today we have oil for at least 40 years at present consumption, at least 60 years’
            worth of gas, and 230 years’ worth of coal.
         

         
         At $40 a barrel (less than one-third above the current world price), shale oil can
            supply oil for the next 250 years at current consumption. And all in all there is
            oil enough to cover our total energy consumption for the next 5,000 years. There is
            uranium for the next 14,000 years. Our current energy costs make up less than 2 percent
            of the global GDP, so even if we were to see large price increases it would still
            not have significant welfare impact – in all likelihood the budget share for energy
            would still be falling.
         

         
         Moreover there are many options using renewable energy sources. Today, they make up
            a vanishingly small part of the global energy production, but this can and probably
            will change. The cost of both solar energy and wind energy has dropped by 94–98 percent
            over the last 20 years such that they have come much closer to being strictly profitable.
            Renewable energy resources are almost incomprehensibly large. The sun leaves us with about 7,000 times our own energy consumption
            – for example, covering just 2.6 percent of the Sahara Desert with solar cells could
            supply our entire global energy consumption. It is estimated that wind energy realistically
            could cover upwards of half of our total energy consumption.
         

         
         Notice that all of these facts do not contest that fossil fuels which today supply
            most of our energy are non-renewable – if technology remained constant and we kept
            on using just fossil fuels, we would some day run out of energy. But the point is
            that technology does not remain constant and fossil fuels are not our only or main
            long-term energy source. First, the historical evidence shows that we have become
            constantly better able to find, extract and utilize fossil fuels, outpacing even our
            increased consumption. Second, we know that the available solar energy far exceeds
            our energy needs and it will probably be available at competitive prices within 50
            years.
         

         
         Consequently, it is surprising that over and over again we hear the stories that now we will run out of energy. The data show us that this is not plausible. As the US
            Energy Information Agency wrote in the International Energy Outlook 1999: “bleak pictures painted of the world’s remaining oil resource potential are based
            on current estimates of proven reserves and their decline in a [typical, theoretical]
            manner. When undiscovered oil, efficiency improvements, and the exploitation of unconventional
            crude oil resources are taken into account, it is difficult not to be optimistic about
            the long-term prospects for oil as a viable energy source well into the future.”999

         
         In the longer run, it is likely that we will change our energy needs from fossil fuels
            towards other and cheaper energy sources – maybe renewables, maybe fusion, maybe some
            as-of-now unimagined technology. Thus, just as the stone age did not end for lack
            of stone, the oil age will eventually end but not for lack of oil. Rather, it will
            end because of the eventual availability of superior alternatives.
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         12   Non-energy resources

         
         The concern about running out of resources applies not only to energy but also to
            the vast number of other non-renewable resources that we use today. And the arguments
            are eerily similar to the arguments in the chapter on energy.
         

         
         Actually, we have always worried about running out of resources. In antiquity grave
            concerns were voiced about running out of copper and tin. And the best-seller Limits to Growth from 1972 picked up on the old worry, claiming that we would run out of most resources.
            Gold would run out in 1981, silver and mercury in 1985, and zinc in 1990.1000 But, of course, this hasn’t happened yet.
         

         
         The pessimists bet on resources running out – and lost

         
         Although economists have long acknowledged that the fear of running out of resources
            is erroneous, it had an almost magical grip on intellectuals in the 1970s and 1980s.
            Even today most discussions seem to be played out against a backdrop of arguments
            pointing back to the logic of Limits to Growth.

         
         Frustrated with the incessant claims that the Earth would run out of oil, food and
            raw materials, the economist Julian Simon in 1980 challenged the established beliefs
            with a bet. He offered to bet $10,000 that any given raw material – to be picked by
            his opponents – would have dropped in price at least one year later. The environmentalists
            Ehrlich, Harte and Holdren, all of Stanford University, accepted the challenge, stating
            that “the lure of easy money can be irresistible.”1002 The environmentalists staked their bets on chromium, copper, nickel, tin and tungsten,
            and they picked a time frame of ten years. The bet was to be determined ten years
            later, assessing whether the real (inflation-adjusted) prices had gone up or down.
            In September 1990 not only had the total basket of raw materials but also each individual
            raw material dropped in price. Chromium had dropped 5 percent, tin a whopping 74 percent.
            The doomsayers had lost.
         

         
         Truth is they could not have won. Ehrlich and Co. would have lost no matter whether they had staked their
            money on petroleum, foodstuffs, sugar, coffee, cotton, wool, minerals or phosphates.
            They had all become cheaper.1003

         
         Falling prices

         
         Prices of the vast majority of industrial products have been dropping over the past
            150 years. Figure 74 shows how the prices of industrial items have fallen by almost 80 percent since 1845.
            Equally, the World Bank has made an index for the world’s 24 top-selling non-energy
            products (such as aluminum, bananas and wool). Over the past century prices have been
            reduced to a third.1004 The same picture repeats itself for metals. The IMF index in Figure 75 shows how prices since 1957 have dropped approximately 50 percent.
         

         
         Altogether raw materials make up at most 1.1 percent of the global GDP.1005 Moreover, a rather limited number of raw materials constitute the vast majority of
            this expense. Table 2 shows the 24 commercially most important raw materials, together accounting for more
            than 95 percent of the total, global turnover of raw materials.1007 The cost of the remaining approximately 70 raw materials is less than 0.05 percent
            of our income. So, even if the price of some of these raw materials should rise –
            even dramatically – the consequences for our economic welfare would be negligible.
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         Figure 74 The Economist’s industrial price index, 1845–2000, inflation adjusted, with 1845–50=100. The index
            covers prices of industrial items such as cotton, timber, hides, rubber, aluminum
            and copper.1006 Source: Anon. 1999h:147, Economist, all issues in 2000, CPI 2001.
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         Figure 75 Price index in US$ for metals, 1957–2000, 00=1. Source: IMF 2001a, CPI 2001.
         

         
         
         
         Table 2 The 24 raw materials, making up more than 95 percent of the global raw material turnover.
            Source: USGS 1998a. Note: Some of the raw material categories are somewhat overlapping.
            Prices and quantities are very volatile. It has been attempted to attain the information
            as of 1997, but this has not always been possible. Moreover, the categories displayed
            here involve different degrees of processing. Consequently, the table merely shows
            the general tendencies for raw materials and gives a maximum limit for our resource
            expenditure. Here, the value of cement, aluminum, iron, copper, gold, nitrogen, and
            zinc constitute almost 80 percent of the global resource production. Mt – million
            tons; Gt – gigatons.
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         Cement

         
         Each year we spend $111 billion on cement. Thus, the cost of cement constitutes 34
            percent of our total expenditure on raw materials, making it the largest single entry
            in our raw material budget – not because cement is expensive, but because we use such
            an overwhelming amount of it.1008

         
         Cement is a chemical binder made mainly from limestone, and when mixed with sand or
            gravel it produces mortar or concrete. Both the Greeks and the Romans knew how to
            make cement, and the Romans used it to build the Pantheon and the Coliseum. The knowledge
            of making cement was forgotten during the Middle Ages and only rediscovered in 1756.
            With the development of a standardized Portland cement type in 1824, cement became
            the basis of modern construction and is today by far the most used construction material
            in the world. In fact, twice as much concrete is used as all the other structural
            materials combined.1009

         
         Although we use more than 1.5 billion tons of cement a year, “the materials to make
            cement are available in many parts of the world in virtually unlimited quantities,”
            with reserves for far more than 1,000 years at present levels of consumption.1010 However cement production also contributes about 3 percent of the global carbon dioxide
            emissions, as we will see in the section on global warming.1011

         
         Aluminum

         
         Aluminum constitutes 12 percent of our raw material expenditure and it has become
            more and more important in our economy, because it is light, is easy to handle, has
            a high conductivity, and is highly resistant to weathering.1012 Typically this light material is used for cans, and in cars and airplanes. Additionally, aluminum is used in almost all high power-transmission
            lines because it is both lighter and stronger than copper.
         

         
         
         
         [image: ]

         
         Figure 76 Aluminum, price in 2000 US$, 1895–2000, and production, 1891–2000. Source: Simon
            et al. 1 2001a, CPI 2001.
         

         
         Aluminum was first discovered in 1827, and since it was exceedingly difficult to extract,
            it was very expensive. Napoleon III had aluminum forks and spoons produced for himself
            and honored guests while lesser visitors had to make do with gold utensils.1013 Aluminum production and price is displayed in Figure 76. Despite the fact that production and consumption have increased more than 3,000-fold
            since the turn of the century, the price has dropped to a mere one-ninth.
         

         
         Aluminum is the second most abundant metallic element after silicon – it makes up
            8.2 percent of the Earth’s crust. It is estimated that with the current identified
            reserves there is sufficient aluminum for 276 years of consumption at the present
            level.1014 But as we have seen with oil, gas and coal, this does not necessarily mean that the
            number of years left will reduce as time passes, even if we use more and more, because
            we get better at exploiting resources and finding more of them.
         

         
         In Figure 77 we see that for the four most frequently used metals there is no sign of falling
            years of consumption; indeed, there is a slight upward trend. And this is despite
            the fact that we use ever more of the four raw materials. Aluminum consumption is
            today more than 16 times higher than in 1950, and yet the remaining years of consumption
            have increased from 171 years to 276 years.
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         Figure 77 Years of consumption of the four most used metals, 1950–2000 (iron 1957–2000). Source:
            Simon et al. 1994, USGS 2001a.
         

         
         
         Iron

         
         We spend annually $31 billion on iron ore or about 11 percent of our raw material
            budget.
         

         
         Iron has been used throughout history, because it is surprisingly common and easily
            accessible, because it is relatively easy to smelt and shape, and because it is so exceptionally strong and durable.1015 The first iron objects were hammered pieces of iron meteorites that did not need
            smelting. But the Iron Age had already begun around 1200 BCE when knowledge of iron
            smelting and shaping spread across the Middle East.1016

         
         
         Today, more than two-thirds of all iron is used to make steel, an alloy of iron and
            other metals such as aluminum, chromium or nickel.1017 Ever since the Industrial Revolution iron and steel have constituted the backbone
            of our industry and accounted for more than 95 percent of our total metal consumption
            by weight.1018 Figure 78 shows how consumption across the twentieth century has increased significantly without
            this being reflected in any price increase. The price of iron was strongly affected
            by the oil crisis since its production is very energy consuming, but today the price
            is at its lowest in the twentieth century.
         

         
         Iron is the third most abundant metal on Earth – 5.6 percent of the Earth’s crust
            consists of it.1019 Nevertheless fear has often been expressed that we might soon run out of iron. Andrew
            Carnegie, a pioneer of the American steel industry, worried about the impending depletion
            of the richer ores, consisting mainly of iron. In his address to the Conference of
            Governors at the White House in 1908 he said:
         

         
         I have for many years been impressed with the steady depletion of our iron ore supply.
            It is staggering to learn that our once-supposed ample supply of rich ores can hardly
            outlast the generation now appearing, leaving only the leaner ores for the later years
            of the century. It is my judgment, as a practical man accustomed to dealing with those
            material factors on which our national prosperity is based, that it is time to take
            thought for the morrow.1020

         
         But again, technology has expanded such that today we can exploit ore with just 30–40
            percent iron. It is estimated that the currently identified reserves leave us with 297 years of consumption at present levels. As we
            can see in Figure 77, there were actually many more years of consumption left in 2000 than in 1957, despite the fact that annual production
            has more than doubled. Actually, since the US Geological Service in 1957 estimated
            the world resource at 25 billion tons, we have used 35 billion tons, and now the reserve
            base estimate is at some 300 billion tons.
         

         
         [image: ]

         
         Figure 78 Iron, price in 2000 US$, 1916–2000, and production, 1928–2000. Source: Simon et al. 1994, USGS 2001a, CPI 2001.
         

         
         Copper

         
         Copper costs more than $26 billion yearly and makes up 8 percent of our raw material
            consumption. Copper has been used since prehistoric times both because of its malleability
            and because copper and its main alloys, bronze and brass, are attractive, durable
            and relatively corrosion resistant.
         

         
         In the nineteenth century the demand for copper exploded as it was used to carry electricity,
            not only because it has a high electrical conductivity but also because it provides
            transmission wires which are flexible and easily soldered.1021 As seen in Figure 79, yearly world production at the beginning of the nineteenth century was about 15,000
            tons; today we produce more than twice that amount each day. Nevertheless, the price has dropped to about a quarter.
         

         
         Copper is not anywhere as abundant as aluminum and iron. It only makes up 0.0058 percent
            of the Earth’s crust.1022 Although this is enough for 83 million years of consumption such a figure is rather
            fictitious, since we will never be able to extract all the copper in the Earth’s crust.1023 With our present reserves we have enough copper left for 50 years at present rates
            of consumption. This, however, is still more than in 1950 when we had copper left for just 42 years, despite the fact that our
            consumption has quintupled. In 1950, the World reserve base was estimated at 100 million tons, and yet we have since then produced
            about 338 million tons. Now the reserve base is estimated at 650 million tons. Once
            again, this shows that we discover and increase our ability to exploit faster than
            our consumption increases – since 1946, copper has actually been found faster than
            it has been consumed.1024
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         Figure 79 Copper, price in 2000 US$, 1850–2000, and production, 1800–2000. Source: Simon et al. 1994, USGS 2001a, CPI 2001.
         

         
         Moreover, the Earth’s crust does not even constitute the most important part of the
            copper resources. In many places in the deep oceans the seafloor is scattered with
            small nodules about 5–10 cm in diameter containing manganese, iron, nickel, copper,
            cobalt and zinc. It is estimated that the total resources in recoverable nodules are
            in excess of 1 billion tons of copper, or more than our total on-land resources.1025 Consequently, there is sufficient copper for at least a century or more.
         

         
         Gold and silver

         
         Gold and silver are the most well known of the precious metals, and they have been
            used since antiquity. Gold is soft and malleable, but also so durable and corrosion
            resistant that 85 percent of the gold ever extracted is probably still in use.1026 The total amount of gold in the world that has been quarried till today is estimated
            at about 100,000 tons – a cube just 17 meters (56 feet) on each side.1027 About 35,000 tons comprises official stocks held by central banks, while the rest
            is privately held as bullion, coins and jewelry.1028

         
         Because gold is both rare and durable it early on became a medium of exchange, and
            eventually it became an accepted measure of value around the world. Today, however,
            about half of the world’s gold production is used in electronic products, aerospace
            applications, special alloys and dentistry.1029

         
         
         Through the ages, silver has also been used as a medium of exchange, particularly
            after the Romans made it the basis of their monetary system.1030 By far the largest part of the silver production today is used for just two purposes.
            It has the least resistance to electricity of all the metals, and consequently 25
            percent of all new silver is used in the electronics industry.1031 It is also light sensitive and about 50 percent of our silver production is used
            in the photographic industry.1032

         
         Gold and silver are in many ways special metals because their price is driven by speculation,
            and this price was driven up after the dollar was delinked from gold in 1967. Nevertheless,
            as is apparent in Figure 80, years of consumption have not been declining over the post-war period, and actually
            the 32 years left in 2000 are among the highest, despite production that has more
            than doubled over the past 50 years. Likewise, years of consumption for silver is
            about 27 years, but it is expected that demand for silver will decrease significantly,
            as digital photography takes over a large part of the photographic market.1033
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         Figure 80 Remaining years of consumption of gold, 1950–2000. Source: Simon et al. 1994, USGS 2001a.
         

         
         
         
         Nitrogen, phosphorus and potassium

         
         Food production is crucially dependent on three resources – soil, water and fertilizer.
            The essential fertilizers are nitrogen, phosphorus and potassium, and until the last
            century these were mainly provided by manure.
         

         
         Today, about 6 percent of our raw material expenditure is used on nitrogen. Nitrogen
            is absolutely essential for food production, since it is an integral part of the chlorophyll
            molecule, making plants green and enabling them to transform sunlight to starch through
            photosynthesis. But today nitrogen is almost exclusively synthesized from air, and
            since air contains about 78 percent nitrogen there are no limits to consumption.1034

         
         Phosphorus is a constituent of DNA and consequently indispensable for all forms of
            life. Often, the amount of phosphorus available sets the limit of biological activity
            in natural systems. Phosphorus makes up about 1 percent of our raw material expenditure.
            The phosphorus reserves stand at about 90 years at current consumption, but because
            phosphate rocks look like ordinary shales and limestones, even to experts, we can
            anticipate discoveries of new, large deposits in the future. Recently, the US Geological
            Survey announced the finding of phosphatic crusts and nodules in the offshore continental
            shelf of Florida containing very large deposits, single-handedly doubling the phosphorus
            reserves to about 180 years. Consequently, it is not expected that the availability
            of phosphorus will become a limitation to food production.1035

         
         Potassium is the eighth most abundant element in the Earth’s crust, and there is no
            cause for concern for this important fertilizer. We spend about 0.1 percent of our
            raw material budget on potassium. It is estimated that there are at least 357 years
            of consumption left at current levels, and total accessible reserves indicate sufficient
            potassium for more than 700 years.1036

         
         As is evident in Figure 81, prices of fertilizer have dropped about 50 percent in the post-war period. This is a further indication
            that fertilizer is getting not more scarce but rather more abundant.
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         Figure 81 Price index of fertilizer, 1957–2000; 2000=1. The years 1974–5 were 4.3, and 5.0.
            Source: IMF 2001a, CPI 2001.
         

         
         
         Zinc

         
         Zinc makes up 5 percent of our raw material consumption, and it is mainly used to
            galvanize steel and iron to prevent rust. Zinc, like copper, is relatively rare –
            it constitutes only 0.0082 percent of the Earth’s crust,1037 which theoretically is equivalent to 169 million years of consumption, although we
            could never mine all of it.1038 Nevertheless, we have continuously found much more zinc than has been used, and the
            number of years of consumption have grown since 1950 from 36 to 54 years (Figure 77).
         

         
         As with copper, production has increased dramatically, quadrupling since 1950, as
            seen in Figure 82. In 1950, the remaining world reserve was estimated at 70 million tons, but since
            then we have used more than three times that, and now the reserve base is estimated
            at 430 million tons. All the while, the price has not increased but rather has experienced
            a slight decrease.
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         Figure 82 Zinc, price in 2000 US$, 1876–2000, and production, 1800–2000. Source: Simon et al. 1994, USGS 2001a, CPI 2001.
         

         
         
         Other resources

         
         It should be abundantly clear that we are far from exhausting our raw material resources.
            After the 3 percent of our raw material budget we spend on precious gems, nickel and
            crushed stone are the only raw materials costing more than 1 percent of the raw material
            budget, and we cannot run out of stone. Nickel is mainly used in alloys to make stainless
            steel, and it is estimated that the identified reserves can last approximately 50
            years at current levels of consumption. But it is also estimated that deep-sea nodules
            contain enough nickel for at least another thousand years.1039

         
         
         Reviewing the 47 elements known to have advanced materials applications, studies from
            the late 1980s showed that only 11 seemed to have potentially insufficient reserves.
            These 11 elements are listed in Table 3. It turns out that for all but three the reserves have got bigger and not smaller since 1988. The total cost of these last three elements is about three-millionths
            of our global GDP. Tantalum is used in the aerospace industry, for high-tech alloys
            and in electronics. We will undoubtedly have to substitute parts of our tantalum use,
            and replacements will be either more expensive or less effective, but all in all this
            will constitute a very small cost.1040 The drop in mercury reserves is primarily caused by the fact that we use it still
            less – since 1971 global consumption has dropped to less than one-third – and consequently
            there is no commercial interest in finding new resources. It is estimated that with
            the present identified reserves there is mercury for more than 100 years.1041 Cadmium constitutes an even smaller problem. Cadmium is primarily used for rechargeable
            batteries, and technologically it can be replaced by many other – and often better – alternatives. However, the US Geological
            Survey estimates that “existing resources of cadmium should be adequate to meet demand
            far into the 21st century.”1042

         
         
         And the remaining elements have been getting more abundant, not less. This is why
            the classical college textbook on natural resource economics, Pearce and Turner, can
            conclude that the overwhelming evidence suggests that “physical scarcity is unlikely
            to be a significant problem for most of the materials currently in use.”1043

         
         Why do we have ever more resources?

         
         How come we do not run out of resources? The explanations look a lot like the explanations
            for why we do not run out of oil, gas and coal.
         

         
         First, “known reserves” is still not a fixed measure. We can and do continuously find
            new deposits. This has been evident in Figure 77, where the most important raw materials have increased their number of years of consumption, despite a 2–15 times increase in annual consumption.
            When we do not find even more deposits even faster it is because searching costs money,
            and consequently they are discovered only within a reasonable time frame before their
            use.
         

         
         Second, we get better at extracting resources and using them more effectively. Today,
            your car contains only half as much metal as a car produced in 1970. Super-thin optical
            fibers carry the same number of telephone calls as 625 copper wires did just 20 years
            ago – and with better quality.1044 Newspapers can be printed on ever thinner paper because paper production has been
            much improved. Bridges contain much less steel, both because steel has become stronger
            and because we can calculate specifications more accurately. Many tools have become
            more durable and consequently we need to replace them less often.1045 Moreover, information technology has changed our consumption – relatively we buy
            fewer things and more bits. Programs worth several hundred dollars will fit on a CD-ROM
            worth only 2 cents in plastic.1046 Despite Americans becoming 30 percent more wealthy over the last 20 years their consumption
            of wood, metal and plastic has been declining.1047

         
         Table 3 The 11 elements with potentially insufficient measured reserves, of 47 studied. Source:
            Fraser et al. 1988:9; cf. Pearce and Turner 1990:295; USGS 1998a.
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         Third, we can recycle metals and thereby further increase the reserves. It is perhaps
            important to point out that metals, in contrast to energy, do not perish but only
            change form and location with use. At present about one-third of the global steel
            production is recycled, while the figures are 25–30 percent for aluminum, 25 percent
            for nickel, 45–50 percent for silver and lead, 15–20 percent for tin, 35–40 percent
            for copper and 20–25 percent for zinc.1048 There are, however, some barriers to recycling. Part of the metals is lost to corrosion,
            and some products are constructed such that it is only partially possible or even
            impossible to recycle the constituents. Actually, increased efficiency and recycling
            imply that it is theoretically possible never to run out of a limited resource, even with continued use. If we have
            a raw material with 100 years of consumption left with a 1 percent yearly increase
            in demand, and a 2 percent increase in recycling and/or efficiency, it is possible
            – without ever finding more resources – never to run out. This is simply because recycling
            or efficiency improvement – our ingenuity – compensates for both consumption and increases
            in consumption.1049

         
         Fourth, we can often substitute one material for another. When Zaire, because of internal
            political problems, limited the supply of cobalt by 30 percent in 1978, this led to
            strong price hikes. But newly developed ceramic magnets soon replaced cobalt alloy
            magnets, and similarly cobalt-based paints were substituted with manganese-based paints,
            and cobalt prices quickly fell back.1050 A study of US copper usage showed this substitution mechanism at work. Assuming that
            cheap copper would run out in 2070, leaving only very expensive rock mining, the total
            cost would nevertheless be fairly small (less than 0.5 percent of income), because
            most copper uses would be substituted.1051

         
         Similarly, information technology has caused a substitution away from a number of
            traditional raw materials. When today we use much less mercury, it is partly because
            we increasingly use digital thermometers. As mentioned above, digital photography
            is likely to cut the consumption of silver by up to 50 percent. Actually, the vast
            majority of raw materials can be replaced by others, although only at a price (because
            otherwise they would already have been substituted).
         

         
         Finally, demand for minerals has not grown exponentially as was feared by the doomsayers,
            but rather it has increased linearly:1052 yet another reason not to worry excessively about the future supply of resources.
         

         
         Conclusion

         
         All indicators seem to suggest that we are not likely to experience any significant
            scarcity of raw materials in the future. The prices of nearly all resources have been declining
            over the last century, and despite an astounding increase in production of a large
            number of important raw materials they today have more years of consumption left than
            they did previously.
         

         
         The total economic expense for raw materials is 1.1 percent of global GDP, and 60
            percent of our expenses concern raw materials with more than 200 years of consumption
            left. An analysis of all the important raw materials shows that the reserves of only
            three minerals have dropped, and this drop is serious for only one element, namely
            tantalum. The total cost of tantalum is below one-millionth of global GDP, and the
            element can be substituted.
         

         
         We have often feared that we will run out of raw materials. But gold, silver, tin
            and mercury are still all here, and with good reason.
         

         
         As with the chapter on fossil fuels, these facts do not contest that non-energy resources
            are non-renewable – if we continued to use resources with no change in technology,
            we would eventually run out. But the fact that this chapter can conclude that significant
            scarcities are unlikely is because we continuously find new resources, use them more
            efficiently, and are able to recycle them and to substitute them.
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         13   Water

         
         There is a resource which we often take for granted but which increasingly has been
            touted as a harbinger of future trouble. Water.
         

         
         Ever more people live on Earth and they use ever more water. Our water consumption
            has almost quadrupled since 1940.1054 The obvious argument runs that “this cannot go on.” This has caused government agencies
            to worry that “a threatening water crisis awaits just around the corner.”1055 The UN environmental report GEO 2000 claims that the water shortage constitutes a “full-scale emergency,” where “the world
            water cycle seems unlikely to be able to cope with the demands that will be made of
            it in the coming decades. Severe water shortages already hamper development in many
            parts of the world, and the situation is deteriorating.”1056

         
         The same basic argument is invoked when WWF states that “freshwater is essential to
            human health, agriculture, industry, and natural ecosystems, but is now running scarce
            in many regions of the world.”1057 Population Reports states unequivocally that “freshwater is emerging as one of the most critical natural
            resource issues facing humanity.”1058 Environmental discussions are replete with buzz words like “water crisis” and “time
            bomb: water shortages,” and Time magazine summarizes the global water outlook with the title “Wells running dry.”1059 The UN organizations for meteorology and education simply refers to the problem as
            “a world running out of water.”1060

         
         The water shortages are also supposed to increase the likelihood of conflicts over
            the last drops – and scores of articles are written about the coming “water wars.”1061 Worldwatch Institute sums up the worries nicely, claiming that “water scarcity may
            be to the nineties what the oil price shocks were to the seventies – a source of international
            conflicts and major shifts in national economies.”1062

         
         But these headlines are misleading. True, there may be regional and logistic problems with water. We will need to get better at using it. But basically we have
            sufficient water.
         

         
         How much water in the world?

         
         Water is absolutely decisive for human survival, and the Earth is called the Blue
            Planet precisely because most of it is covered by water: 71 percent of the Earth’s
            surface is covered by water, and the total amount is estimated at the unfathomably
            large 13.6 billion cubic kilometers.1063 Of all this water, oceans make up 97.2 percent and the polar ice contains 2.15 percent.
            Unfortunately sea water is too saline for direct human consumption, and while polar
            ice contains potable water it is hardly within easy reach. Consequently, humans are
            primarily dependent on the last 0.65 percent water, of which 0.62 percent is groundwater.
         

         
         Fresh water in the groundwater often takes centuries or millennia to build up – it
            has been estimated that it would require 150 years to recharge all of the groundwater
            in the United States totally to a depth of 750 meters if it were all removed. Thus,
            thoughtlessly exploiting the groundwater could be compared to mining any other non-renewable
            natural resource.1064 But groundwater is continuously replenished by the constant movement of water through oceans, air, soil, rivers, and lakes in the so-called hydrological
            cycle. The sun makes water from the oceans evaporate, the wind moves parts of the
            vapor as clouds over land, where the water is released as rain and snow. The precipitated
            water then either evaporates again, flows back into the sea through rivers and lakes,
            or finds its way into the groundwater.1065

         
         The total amount of precipitation on land is about 113,000 km3, and taking into account an evaporation of 72,000 km3 we are left with a net fresh water influx of 41,000 km3 each year or the equivalent of 30 cm (1 foot) of water across the entire land mass.1066 Since part of this water falls in rather remote areas, such as the basins of the
            Amazon, the Congo, and the remote North American and Eurasian rivers, a more reasonable,
            geographically accessible estimate of water is 32,900 km3.1067 Moreover, a large part of this water comes within short periods of time. In Asia,
            typically 80 percent of the runoff occurs from May to October, and globally the flood
            runoff is estimated at about three-quarters of the total runoff.1068 This leaves about 9,000 km3 to be captured. Dams capture an additional 3,500 km3 from floods, bringing the total accessible runoff to 12,500 km3.1069 This is equivalent to about 5,700 liters of water for every single person on Earth
            every single day. For comparison, the average citizen in the EU uses about 566 liters of water per
            day.1070 This is about 10 percent of the global level of available water and some 5 percent
            of the available EU water.1071 An American, however, uses about three times as much water, or 1,442 liters every
            day.1072

         
         Looking at global water consumption, as seen in Figure 83, it is important to distinguish between water withdrawal and water use. Water withdrawal
            is the amount of water physically removed, but this concept is less useful in a discussion
            of limits on the total amount of water, since much of the withdrawn water is later
            returned to the water cycle.1073 In the EU and the US, about 46 percent of the withdrawn water is used merely as cooling
            water for power generation and is immediately released for further use downstream.1075 Likewise, most industrial uses return 80–90 percent of the water, and even in irrigation
            30–70 percent of the water runs back into lakes and rivers or percolates into aquifers,
            whence it can be reused.1076 Thus, a more useful measure of water consumption is the amount of water this consumption
            causes to be irretrievably lost through evaporation or transpiration from plants.
            This is called water use.
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         Figure 83 Global, annual water withdrawal and use, in thousand km3 and percentage of accessible runoff,1074 1900–95, and predictions for 2025. Source: Shiklomanov 2000:22 (high prediction),
            World Water Council 2000:26 (low prediction).
         

         
         Over the twentieth century, Earth’s water use has grown from about 330 km3 to about 2,100 km3. As can be seen from Figure 83 there is some uncertainty about the future use and withdrawal (mainly depending on
            the development of irrigation), but until now most predictions have tended to overestimate
            the actual water consumption by up to 100 percent.1077 Nevertheless, total use is still less than 17 percent of the accessible water and
            even with the high prediction it will require just 22 percent of the readily accessible,
            annually renewed water in 2025.
         

         
         At the same time, we have gained access to more and more water, as indicated in Figure 84.1078 Per person we have gone from using about 1,000 liters per day to almost 2,000 liters
            over the past 100 years. Particularly, this is due to an approximately 50 percent
            increase in water use in agriculture, allowing irrigated farms to feed us better and
            to decrease the number of starving people. Agricultural water usage seems, however,
            to have stabilized below 2,000 liters per capita, mainly owing to higher efficiency
            and less water consumption in agriculture since 1980. This pattern is also found in
            the EU and the US, where consumption has increased dramatically over the twentieth
            century, but is now leveling off.1079 At the same time, personal consumption (approximated by the municipal withdrawal)
            has more than quadrupled over the century, reflecting an increase in welfare with
            more easily accessible water. In developing countries, this is in large part a question
            of health – avoiding sickness through better access to clean drinking water and sanitation
            (see Figure 5), whereas in developed countries higher water use is an indication of an increased
            number of domestic amenities such as dishwashers and better-looking lawns.
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         Figure 84 Global withdrawal of water for agriculture, industry and municipal use, and total
            use, in liters and gallons per capita per day, 1900–95. Source: Shiklomanov 2000:24.
         

         
         So, if the global use is less than 17 percent of the readily accessible and renewable
            water and the increased use has brought us more food, less starvation, more health
            and increased wealth, why do we worry?
         

         
         The three central problems

         
         There are three decisive problems. First, precipitation is by no means equally distributed
            all over the globe. This means that not all have equal access to water resources and
            that some countries have much less accessible water than the global average would
            seem to indicate. The question is whether water shortages are already severe in some
            places today. Second, there will be more and more people on Earth. Since precipitation
            levels will remain more or less constant this will mean fewer water resources for
            each person. The question is whether we will see more severe shortages in the future.
            Third, many countries receive a large part of their water resources from rivers; 261
            river systems, draining just less than half of the planet’s land area, are shared
            by two or more countries,1080 and at least ten rivers flow through half a dozen or more countries. Most Middle
            Eastern countries share aquifers.1081 This means that the water question also has an international perspective and – if
            cooperation breaks down – an international conflict potential.
         

         
         Beyond these three problems there are two others issues, which are often articulated
            in connection with the water shortage problem, but which are really conceptually quite
            separate. One is the worry about water pollution, particularly of potable water.1082 While it is of course important to avoid water pollution in part because pollution
            restricts the presently available amount of freshwater, it is not related to the problem
            of water shortage per se. Consequently, we will look at this problem in the chapter on potable water and pesticides.
         

         
         
         Table 4 Countries with chronic water scarcity (below 2,740 liters per capita per day) in
            2000, 2025, and 2050, compared to a number of other countries. Source: WRI 1998a.1053
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         The second issue is about the shortage of access to water in the Third World, a problem that we have already looked at (pp. 19–21).
            This problem, while getting smaller, is still a major obstacle for global welfare.
            In discussing water shortage, reference to the lack of universal access to drinking
            water and sanitation is often thrown in for good measure,1083 but of course this issue is entirely separate from the question of shortages. First,
            the cause is not lack of water (since human requirements constitute just 50–100 liters a day which
            any country but Kuwait can deliver, cf. Table 4)1084 but rather a lack of investment in infrastructure. Second, the solution lies not
            in cutting back on existing consumption but actually in increasing future consumption.
         

         
         Finally, we should just mention global warming (discussed below in Part V, chapter 24) and its connection to water use. Intuitively, we might be tempted to think that
            a warmer world would mean more evaporation, less water, more problems. But more evaporation
            also means more precipitation. Essentially, global climate models seem to change where water shortages appear (pushing some countries above or below the threshold) but the
            total changes are small (1–5 percent) and go both ways.1085

         
         Not enough water?

         
         Precipitation is not distributed equally. Some countries such as Iceland have almost
            2 million liters of water for each inhabitant every day, whereas Kuwait must make
            do with just 30 liters.1086 The question, of course, is when does a country not have enough water.
         

         
         It is estimated that a human being needs about 2 liters of water a day, so clearly
            this is
            not the restrictive requirement.1087 The most common approach is to use the so-called water stress index proposed by the hydrologist Malin Falkenmark. This index tries to establish an approximate
            minimum level of water per capita to maintain an adequate quality of life in a moderately
            developed country in an arid zone. This approach has been used by many organizations
            including the World Bank, in the standard literature on environmental science, and
            in the water scarcity discussion in World Resources.1088 With this index, human beings are assessed to need about 100 liters per day for drinking,
            household needs and personal hygiene, and an additional 500–2,000 liters for agriculture,
            industry and energy production.1089 Since water is often most needed in the dry season, the water stress level is then
            set even higher – if a country has less than 4,660 liters per person available it
            is expected to experience periodic or regular water stress. Should the accessible
            runoff drop to less than 2,740 liters the country is said to experience chronic water
            scarcity. Below 1,370 liters, the country experiences absolute water scarcity, outright
            shortages and acute scarcity.1090

         
         Table 4 shows the 15 countries comprising 3.7 percent of humanity in 2000 suffering chronic
            water scarcity according to the above definition.1091 Many of these countries probably come as no surprise. But the question is whether
            we are facing a serious problem.
         

         
         How does Kuwait actually get by with just 30 liters per day? The point is, it doesn’t.
            Kuwait, Libya and Saudi Arabia all cover a large part of their water demand by exploiting
            the largest water resource of all – through desalination of sea water.1092 Kuwait in fact covers more than half its total use through desalination.1093 Desalting requires a large amount of energy (through either freezing or evaporating
            water), but all of these countries also have great energy resources. The price today
            to desalt sea water is down to 50–80 ¢/m3 and just 20–35 ¢/m3 for brackish water, which makes desalted water a more expensive resource than fresh
            water, but definitely not out of reach.1094

         
         This shows two things. First, we can have sufficient water, if we can pay for it.
            Once again, this underscores that poverty and not the environment is the primary limitation for solutions to our problems. Second,
            desalination puts an upper boundary on the degree of water problems in the world.
            In principle, we could produce the Earth’s entire present water consumption with a
            single desalination facility in the Sahara, powered by solar cells. The total area
            needed for the solar cells would take up less than 0.3 percent of the Sahara.1095

         
         Today, desalted water makes up just 0.2 percent of all water or 2.4 percent of municipal
            water.1096 Making desalination cover the total municipal water withdrawal would cost about 0.5
            percent of the global GDP.1097 This would definitely be a waste of resources, since most areas have abundant water
            supplies and all areas have some access to water, but it underscores the upper boundary
            of the water problem.
         

         
         Also, there’s a fundamental problem when you only look at the total water resources
            and yet try to answer whether there are sufficient supplies of water. The trouble
            is that we do not necessarily know how and how wisely the water is used. Many countries get by just fine with very limited water resources
            because these resources are exploited very effectively. Israel is a prime example
            of efficient water use. It achieves a high degree of efficiency in its agriculture,
            partly because it uses the very efficient drip irrigation system to green the desert,
            and partly because it recycles household wastewater for irrigation.1098 Nevertheless, with just 969 liters per person per day, Israel should according to
            the classification be experiencing absolute water scarcity. Consequently, one of the
            authors in a background report for the 1997 UN document on water points out that the
            2,740 liters water bench-mark is “misguidedly considered by some authorities as a
            critical minimum amount of water for the survival of a modern society.”1099

         
         Of course, the problem of faulty classification increases, the higher the limit is set. The European Environmental Agency in its 1998
            assessment somewhat incredibly suggested that countries below 13,690 liters per person
            per day should be classified as “low availability,” making not only more than half
            the EU low on water but indeed more than 70 percent of the globe.1100 Denmark receives 6,750 liters of fresh water per day and is one of the many countries
            well below this suggested limit and actually close to EEA’s “very low” limit. Nevertheless,
            national withdrawal is just 11 percent of the available water, and it is estimated
            that the consumption could be almost doubled without negative environmental consequences.1101 The director of the Danish EPA has stated that, “from the hand of nature, Denmark
            has access to good and clean ground-water far in excess of what we actually use.”1102

         
         By far the largest part of all water is used for agriculture – globally, agriculture
            uses 69 percent, compared to 23 percent for industry and 8 percent for households.1103 Consequently, the greatest gains in water use come from cutting down on agricultural
            use. Many of the countries with low water availability therefore compensate by importing
            a large amount of their grain.1104 Since a ton of grain uses about 1,000 tons of water, this is in effect a very efficient
            way of importing water.1105 Israel imports about 87 percent of its grain consumption, Jordan 91 percent, Saudi
            Arabia 50 percent.1106

         
         Summing up, more than 96 percent of all nations have at present sufficient water resources.
            On all continents, water accessibility has increased per person, and at the same time an ever higher proportion of people have gained access
            to clean drinking water and sanitation. While water accessibility has been getting
            better this is not to deny that there are still widespread shortages and limitations of basic
            services, such as access to clean drinking water, and that local and regional scarcities
            occur. But these problems are primarily related not to physical water scarcity but
            to a lack of proper water management and in the end often to lack of money – money
            to desalt sea water or to increase cereal imports, thereby freeing up domestic water
            resources.
         

         
         Will it get worse in the future?

         
         The concerns for the water supply are very much concerns that the current problems
            will become worse over time. As world population grows, and as precipitation remains
            constant, there will be less water per person, and using Falkenmark’s water stress
            criterion, there will be more nations experiencing water scarcity. In Figure 85 it is clear that the proportion of people in water stressed nations will increase
            from 3.7 percent in 2000 to 8.6 percent in 2025 and 17.8 percent in 2050.
         

         
         It is typically pointed out that although more people by definition means more water
            stress, such “projections are neither forecasts nor predictions.”1107 Indeed, the projections merely mean that if we do not improve our handling of water
            resources, water will become more scarce. But it is unlikely that we will not become
            better at utilizing and distributing water. Since agriculture takes up the largest
            part of water consumption, it is also here that the largest opportunities for improving
            efficiency are to be found. It is estimated that many irrigation systems waste 60–80
            percent of all water.1108 Following the example of Israel, drip irrigation in countries as diverse as India,
            Jordan, Spain and the US has consistently been shown to cut water use by 30–70 percent
            while increasing yields by 20–90 percent.1109 Several studies have also indicated that industry almost without additional costs
            could save anywhere from 30 to 90 percent of its water consumption.1110 Even in domestic distribution there is great potential for water savings. EEA estimates
            that the leakage rates in Europe vary from 10 percent in Austria and Denmark up to
            28 percent in the UK and 33 percent in the Czech Republic.1111
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         Figure 85 Share of humanity with maximum water availability in the year 2000, 2025, and 2050,
            using UN medium variant population data. The left side uses the left axis, the right
            side the right axis. Source: WRI 1998a.
         

         
         The problem of water waste occurs because water in many places is not well priced.
            The great majority of the world’s irrigation systems are based on an annual flat rate,
            and not on charges according to the amount of water consumed.1112 The obvious effect is that participants are not forced to consider whether all in
            all it pays to use the last liter of water – when you have first paid to be in, water
            is free. So even if there is only very little private utility from the last liter
            of water, it is still used because it is free. This is yet another example of The
            Tragedy of the Commons, as we saw it described in the section on fisheries.
         

         
         This is particularly a problem for the poor countries. The poorest countries use 90
            percent of their water for irrigation compared to just 37 percent in the rich countries.1113 Consequently, it will be necessary to redistribute water from agriculture to industry
            and households, and this will probably involve a minor decline in the potential agricultural
            production (i.e. a diminished increase in the actual production). The World Bank estimates
            that this reduction will be very limited and that water redistribution definitely
            will be profitable for the countries involved.1114 Of course, this will mean increased imports of grain by the most water stressed countries,
            but a study from the International Water Management Institute indicates that it should
            be possible to cover these extra imports by extra production in the water abundant
            countries, particularly the US.1115

         
         At the same time there are also large advantages to be reaped by focusing on more
            efficient household water consumption. In Manila 58 percent of all water disappears
            (lost in distribution or stolen), and in Latin America the figure is about 40 percent.
            And on average households in the Third World pay only 35 percent of the actual price
            of water.1116 Naturally, this encourages overconsumption. We know that pricing and metering reduces
            demand, and that consumers use less water if they have to pay for each unit instead
            of just paying a flat rate.1117

         
         Actually, it is likely that more sensible pricing will not only secure future water
            supplies but also increase the total social efficiency. When agriculture is given
            cheap or even free water, this often implies a hidden and very large subsidy – in
            the United States the water subsidy to farmers is estimated to be above 90 percent
            or $3.5 billion.1118 For the developing countries this figure is even larger: it is estimated that the
            hidden water subsidy to cities is about $22 billion, and the hidden subsidy to agriculture
            around $20–25 billion.1119

         
         Thus, although an increasing population will increase water demands and put extra
            water stress on almost 20 percent of humanity, it is likely that this scarcity can
            be solved. Part of the solution will come from higher water prices, which will cut
            down on inefficient water use. Increased cereal imports will form another part of
            the solution, freeing up agricultural water to be used in more valuable areas of industry
            or domestic consumption. Finally, desalting will again constitute a backstop process
            which can produce virtually unlimited amounts of drinking water given sufficient financial
            backing.
         

         
         Will we see increased conflict?

         
         Adequate pricing actually turns out to be the main issue for water problems. When
            water is a free resource – as it typically has been throughout the ages – we consume
            as much as we possibly can (given our private costs). As we become richer and can
            use more and more water, and as we support more and more people on this planet, we
            begin to experience limits. To act as if water is free gives rise to problems. Thus
            we have to start prioritizing the uses of this resource. Should we use more water
            to produce extra food, or should we use more water in the cities and force agriculture
            to become more efficient? Pricing water ensures the most efficient trade-off.
         

         
         But when water becomes more valuable, because it is acknowledged to be scarce, it
            will also mean that nations will become more aware of the distribution of water among
            themselves. This can lead to an increased tension and an increased political focus
            on water questions. Tension over water will make up yet another element in a potentially
            explosive cocktail of international conflicts of interest. Nevertheless, this does
            not imply that “many of the wars of this century were about oil, but wars in the next
            century will be over water,” as the World Bank put it in a much quoted sentence from
            a press release to a report that did not even mention the word “war.”1120

         
         Professor Aaron Wolf has gone through the entire international crisis dataset, and
            of the 412 crises in the period 1918–94, only seven had water as even a partial cause.1121 In three of these, not a single shot was fired, and none was violent enough to qualify
            as an actual war.1122 Wolf concluded: “As we see, the actual history of armed water conflict is somewhat
            less dramatic than the water wars literature would lead one to believe … As near as
            we can find, there has never been a single war fought over water.”1123 The lack of actual water war examples should be compared to the more than 3,600 treaties
            concerning international water resources that were registered in the centuries between
            805 CE and 1984. Within the last hundred years alone, more than 149 treaties have
            been signed.1124

         
         There is actually good reason why we should expect the water war argument to be seriously
            overstated. First, waging a war for water simply makes very little strategic sense.
            What would be the goal? Only downstream, strong states have the motivation and ability,
            but they are forever vulnerable to retribution from upstream states intentionally
            polluting the water source. So a war would require not just a simple power demonstration
            but a permanent occupation and possible depopulation of the entire watershed.1125 Second, such a war would be extremely costly, especially compared to the price of desalination.
            As an Israeli Defense Forces analyst pointed out: “Why go to war over water? For the
            price of one week’s fighting, you could build five desalination plants. No loss of
            life, no international pressure, and a reliable supply you don’t have to defend in
            hostile territory.”1126 Third, states often share interests in water, with upstream states getting hydropower
            from dams and downstream states getting better-managed water for agriculture.1127 Finally, water cooperation is highly resilient – the Mekong Committee on water functioned
            throughout the Vietnam war, Israel and Jordan held secret water talks throughout 30
            years of formal war, and the Indus River Commission survived two wars between India
            and Pakistan.1128

         
         Actually, a number of quarrels have been solved exactly because the problems surrounding
            water have gained more attention recently. Ever since independence India and Bangladesh
            have bitterly disputed the rights to water from the Ganges, which is controlled by
            India but is essential to Bangladesh’s agriculture. After 50 years of India asserting
            the right to take as much water from the river as it needed, the government signed
            a treaty in 1996, providing both countries with a guaranteed flow of water in the
            crucial spring months of March, April and May.1129

         
         Thus, while water will get more valuable, there is little reason to expect this to
            escalate the number of wars, simply because war makes little strategic or economic
            sense. Rather, it is to be expected that increased water value will help increase
            the focus and attention needed to solve the remaining, substantial water issues.
         

         
         Conclusion

         
         Much hype has surrounded the issue of water, perhaps best summarized with the passionate
            title of a 1995 academic paper: “Global water crisis: the major issue of the 21st
            century, a growing and explosive problem.”1130 However, the data do not support this view of a mammoth problem. Our wells are not
            drying up; we are not facing insurmountable shortages. Rather, the water challenges
            emphasize that we need to manage water more carefully, price it realistically and
            accept a movement away from self-reliance in food production in the arid parts of
            the world.
         

         
         This is also the conclusion of all the important water reports. In 1997, the UN produced
            its latest Comprehensive Assessment of the Freshwater Resources of the World. In its opening statement it says that the increasing water stress occurs “largely
            as a result of poor water allocation, wasteful use of the resource, and lack of adequate
            management action.”1131 The global World Water Vision report from the World Water Council stated it even more clearly in its summary: “There
            is a water crisis today. But the crisis is not about having too little water to satisfy
            our needs. It is a crisis of managing water so badly that billions of people – and
            the environment – suffer badly.”1132

         
         We have sufficient water, but we need to manage it better. We need to learn from past
            mistakes. When the Soviet Union diverted the waters of the Amudarya and Syrdarya rivers
            from the Aral Sea in order to green the Kara Kum Desert, it destroyed the world’s
            fourth largest lake. Today, we have learnt the lesson, exemplified by the Mono Lake
            project in eastern California, where diverted water was returned in the mid-1990s.1133

         
         We need to stop mining groundwater, estimated globally at about 160 km3 annually.1134 In the projection for 2025 from the International Water Management Institute it is
            assumed that we will need an additional 600 km3 to increase agricultural production
            in the future.1135 Acquiring the extra 760 km3 should be within reach as it is projected that additional
            dams alone will produce another 1,200 km3 in accessible runoff.1136

         
         Moreover, we know that large inefficiencies in agriculture, industry and water distribution
            exist, and adequate pricing will make it possible to produce more crop per drop. At the same time, it is reasonable to expect
            that the most water-scarce nations will shift their production away from agriculture
            and towards more valuable output in services and industry. Finally, desalting acts
            as a back-stop technology that enables us to produce sufficient water at a price.
            Actually, there is good reason to believe that the coming efficiency improvement will
            be good both for the economy by removing inefficient subsidies and for the environment,
            since it will remove the economic pressures from the most vulnerable areas.1137

         
         The outcome from the International Water Management Institute projection is a market
            increase in total food production, from an average of less than 2,800 calories per
            day per capita in 1995, to more than 3,000 in 2025. At the same time, it is reasonable
            to expect that an even higher share of the developing world will have access to clean
            drinking water and sanitation.
         

         
         It is an often heard cry: “Global water crisis: the major issue of the twenty-first
            century.” But it is needlessly rhetorical and intimidating. It is unreasonable to
            expect that the world’s wells are going to run dry. We need better water management,
            pricing and import substitution. In return, this will bring more food, less starvation,
            better health, more environmental development and increased wealth.
         

         
      

      
   
      
      
         
         
         [image: ]

         
         14    Conclusion to Part III: continued prosperity

         
         We are not overexploiting our renewable resources. Worldwatch Institute tells us that
            food scarcity is likely to be the first indication of environmental breakdown.1138 However, as we have seen in chapter 9, food will in all likelihood continue to get cheaper and more available, while we
            will be able to feed still more and more people.
         

         
         The forests have not been eradicated, and since World War II the global forest coverage
            has been almost constant. Although rainforests are still being cut at 0.5 percent
            a year and some countries have chosen to use their forest resources unwisely and shortsightedly,
            about 80 percent of the original rainforest is still intact.
         

         
         Water is a plentiful and renewable resource, though it can be scarce, partly because
            it has not sooner been treated as a limited and valuable resource. In many places
            this has given rise to very wasteful water practices. Basically, the problem is a
            question of better management, where water pricing can secure a reasonable and entirely
            sufficient amount of water for all purposes.
         

         
         Perhaps more surprising, there do not seem to be any serious problems with the non-renewable
            resources, such as energy and raw materials. In general, we have found so much more
            of these resources that, despite large increases in consumption, the years of supply
            still remaining have been increasing and not decreasing, for both energy and raw materials.1139 While non-renewable resources are in principle exhaustible, more than 60 percent
            of our consumption consists of resources with reserves of 200 years or more. With
            sufficient energy we will have the opportunity to exploit much lower grade deposits
            than today, yet again increasing the exhaustion times substantially and in principle
            towards millions of years.1140

         
         We have many energy resources that can last far into the future. At the same time
            we have access to renewable energy resources which are getting ever cheaper, and these
            renewables can potentially supply us with much larger amounts of energy than are used
            today. We could produce the entire energy consumption of the world with present-day
            solar cell technology placed on just 2.6 percent of the Sahara Desert, and we have
            good reason to expect that these energy sources will be near-profitable or even underbid
            conventional energy production within the next 50 years.
         

         
         Our consumption of the essential resources such as food, forests, water, raw materials
            and energy seem to have such characteristics that it will leave the coming generations
            not with fewer options, but rather with ever more options. Our future society will probably be able to produce much more food per capita,
            while not threatening the forests – or perhaps even allowing us to allocate more space
            and money to reforest the Earth to achieve higher living standards. Our energy consumption
            is not limited, in either the short run or the long run, when the almost unlimited
            source of solar energy can be harnessed. The evidence does not seem to point to tight
            limits on resources such as water and raw materials, and with sufficient energy in
            the long run both can be available in the necessary amounts. Consequently, there does
            not seem to be any foundation for the worried pessimism which claims that our society
            only survives by writing out ever larger checks without coverage.
         

         
         The World Bank defines sustainable development as “development that lasts.”1141 In this respect our society certainly seems to be sustainable.
         

         
         But although we not only uphold but also are likely to improve our immediate welfare,
            this is not enough to make society better for our children. It is possible that we
            pollute so much that we are in fact undercutting our life, our long-term welfare and
            the opportunities for our future generations. To this problem we shall turn next.
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         Pollution: does it undercut human prosperity?
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         15    Air pollution

         
         Of all the different types of pollution affecting human health, by far the most important
            is air pollution (both outdoor and indoor). Of all the major EPA statute areas (air,
            water, pesticides, conservation, drinking water, toxic control, liability), and even
            by the agency’s own reckoning, 86–96 percent of all social benefits stem from the
            regulation of air pollution.1142 Equally, in a 1999 consolidation of 39 regional, state and local comparative risk
            analysis studies, air pollution almost invariably came out as the most important environmental
            problem for human health.1143 We shall therefore start by looking at the problem of air pollution.
         

         
         We often assume that air pollution is a modern phenomenon, and that it has got worse
            and worse in recent times. However, as will become clear, the air of the Western world
            has not been as clean as it is now for a long time. Moreover, there is good reason
            to assume that air pollution in the developing world will also improve with time.
         

         
         Air pollution in times past

         
         Air pollution from lead can be documented as far back as 6,000 years ago, reaching
            its first maximum in the time of the Greeks and Romans. As long ago as 500 BCE, the
            lead content of the air above Greenland was four times higher than before the European
            civilizations began smelting metals.1144 In ancient Rome, the statesman Seneca complained about “the stink, soot and heavy
            air” in the city.1145

         
         In 1257, when the Queen of England visited Nottingham, she found the stench of smoke
            from coal burning so intolerable that she left for fear of her life.1146 In 1285, London’s air was so polluted that King Edward I established the world’s
            first air pollution commission, and 22 years later the king made it illegal to burn
            coal – a ban that didn’t stick, though.1147 
         

         
         As early as the fourteenth century, attempts were made to avoid refuse being thrown
            into the River Thames and the streets of the city with a resulting foul smell,1148 but to no avail. In 1661 John Evelyn was still able to assert that “most Londoners
            breathe nothing but an impure and thick mist, accompanied by a fuliginous and filthy
            vapour, corrupting the lungs.”1149 In the eighteenth century, the cities were indescribably dirty. Lawrence Stone tells
            us that:
         

         
         the city ditches, now often filled with stagnant water, were commonly used as latrines;
            butchers killed animals in their shops and threw the offal of the carcasses into the
            streets; dead animals were left to decay and fester where they lay; latrine pits were
            dug close to wells, thus contaminating the water supply. Decomposing bodies of the
            rich in burial vaults beneath the church often stank out parson and congregation ….1150

         
         In 1742 Dr Johnson described London as a city “which abounds with such heaps of filth
            as a savage would look on with amazement.” There is corroborative evidence that indeed
            great quantities of human excrement were “cast into the streets at night time when
            the inhabitants shut up their houses.” It was then dumped on the surrounding highways
            and ditches so that visitors to or from the city “are forced to stop their noses to
            avoid the ill smell occasioned by it.”1151

         
         
         The city was so polluted that the poet Shelley wrote: “Hell must be much like London,
            a smoky and populous city.”1152

         
         Much of the pollution was due to cheap coal with a high sulfur content beginning to
            replace more expensive wood and charcoal for industrial use in the early thirteenth
            century. Because of deforestation in the London area wood was getting ever more expensive,
            and from the beginning of the seventeenth century, private households began to burn
            coal to an increasing extent, causing a 20-fold increase in consumption over the next
            hundred years.1153

         
         Deteriorating air quality led to much protest towards the end of the seventeenth century.
            Many people observed that buildings became pitted and iron structures corroded much
            more quickly and complaints were heard of there being fewer anemones, and other plants
            not growing as well.1154 Even before restoration of St. Paul’s Cathedral was complete, the building was beginning
            to get dirty again.1155 The heavy smoke caused house paint to lose its luster so fast, many leases stipulated
            that facades had to be repainted tri-annually.1156

         
         London has been renowned for centuries for its thick fog, the infamous London smog.
            One contemporary observed:
         

         
         By reason likewise of the Smoak it is, that the Air of the City, especially in the
            Winter time, is rendered very unwholesome: For in case there be no Wind, and especially
            in Frosty Weather, the City is cover’d with a thick Brovillard or Cloud, which the force of the Winter-Sun is not able to scatter; so that the Inhabitants
            thereby suffer under a dead benumming Cold, being in a manner totally depriv’d of
            the warmths and comforts of the Day … when yet to them who are but a Mile out of Town,
            the Air is sharp, clear, and healthy, and the Sun most comfortable and reviving.1157

         
         The consequences were many. Whereas throughout the eighteenth century London was foggy
            20 days a year, this had increased to almost 60 days by the end of the nineteenth
            century.1158 Not surprisingly this meant that London got 40 percent less sunshine than the surrounding
            towns.1159 Equally, thunderstorms had doubled in London from the early eighteenth to the late
            nineteenth century.1160

         
         The severe pollution led to an inordinately high loss of human life, as we shall see
            later. Nevertheless, even at the time people were beginning to become aware of a certain
            connection between the pollution and sicknesses. Not coincidentally, bronchitis was
            initially known as the “British disease.”1161 The last severe smog of December 1952 still killed about 4,000 Londoners in just
            seven days.1162

         
         The British environmental scientist Peter Brimblecombe has produced a model to estimate
            air pollution in London from as far back as 1585. On the basis of coal imports, he
            has estimated the concentrations of sulfur dioxide and smoke (particles or soot) in
            the air, and the result, updated and adjusted to measurement data from the 1920s till
            today, can be seen in Figure 86. This shows how levels of smoke pollution increased dramatically over the 300 years
            from 1585, reaching a maximum in the late nineteenth century, only to have dropped
            even faster ever since, such that the levels of the 1980s–1990s are below the levels of the late sixteenth century. Below, we shall see that smoke or particles
            are probably by far the most dangerous pollutant. In other words, with respect to
            the worst pollutant the London air has not been as clean as it is today since the
            Middle Ages. Almost all of the modern period has been more polluted with smoke than it is today. Air pollution is not a new phenomenon that has
            got worse and worse – it is an old phenomenon, that has been getting better and better,
            leaving London cleaner than it has been since medieval times.
         

         
         Equally, Figure 86 shows us how the concentration of sulfur dioxide increased dramatically from 1585,
            reaching a very high plateau – worse than most Third World megacities of today – from
            1700 to 1900, and then dropped fast, such that again the levels of the 1980s–1990s
            are below the levels of the late sixteenth century. So with respect to sulfur dioxide also,
            the London air has not been cleaner than today since the Middle Ages. To repeat, air
            pollution is not a new problem getting worse, but an old problem getting ever better.
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         Figure 86 Average concentrations of SO2 and smoke in London, 1585–1994/5. Data for 1585–1935 are estimated from coal imports
            and have been adjusted to the average of the measured data.1163 Source: Brimblecombe 1977:1161, Elsom 1995:477, QUARG 1996:75, EPAQS 1995:Figure
            3, Laxen and Thompson 1987:106, OECD 1985a:28, 1987:31, 1999:57.
         

         
         What is dangerous?

         
         There are many forms of air pollution, but the six most important ones are:

         
         

         
         •   Particles (smoke and soot)

         
         •   Sulfur dioxide (SO2)
         

         
         •   Ozone (O3)
         

         
         •   Lead

         
         •   Nitrogen oxides (NO and NO2, together NOx) and
         

         
         •   Carbon monoxide (CO)

         
         These six substances constitute the so-called criteria pollutants, the only air pollutants
            for which the US EPA has established National Air Quality Standards.1164 These are the typically regulated and documented air pollutants; they are used by
            the World Bank, OECD and numerous other agencies to describe air quality, and both
            the EU and WHO have established standards and limits for them.1165 But not all six are equally dangerous.
         

         
         It is exceptionally difficult to determine exactly how dangerous a substance is. This
            is both because our knowledge is often inadequate and because the substances have
            so many and different consequences. Even so, one can try to calculate the overall
            cost of any pollutant – from more coughs to lowered intelligence to early death.
         

         
         Although this economic approach may seem somewhat offensive, it does have the advantage
            of giving us a broad idea of which problems are the most serious. In connection with
            three of the largest new studies of environmental pollution – one by the European
            Commission, one by the US Department of Energy and one by the New York State Energy
            Research and Development Authority – attempts were made to map out the overall human
            cost of different pollutants. In general, it was found that by far the largest proportion
            of total air pollution costs stem from their health effects, especially mortality.1167

         
         
         
         Figure 87 shows the overall annual cost per person of pollution from 1977 to 1999 in the US.
            The harmful effects of NOx and carbon monoxide have not been calculated, but are probably lower than either
            SO2 or ozone.1168 The UK government has in several publications made estimates of the total UK pollution
            costs, which are broadly similar.1169

         
         Figure 87 shows us two things. First, the overall problems are much less serious today than
            they were just 22 years ago. Average air pollution costs have dropped almost two-thirds,
            from $3,600 to $1,300. If we go even further back to the 1960s, using lead emissions
            to estimate the lead pollution load, the costs seem to have been around $4,000–$4,500,
            indicating an even more dramatic 70 percent drop in air pollution over the past 39
            years.1170 Also the costs of the individual air pollutants have dropped over the past 22 years,
            by 27 percent for ozone, 40 percent for particles, 60 percent for SO2 and 97 percent for lead. Second, there is a considerable difference between substances
            as to their threat to human health. The most serious air pollution problem is clearly
            particles, making up 82 percent of the present-day cost. In the 1970s lead also posed
            a serious problem, making up some 40 percent of the total costs.
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         Figure 87 Average cost of PM10 (smoke of small-sized particles), lead, SO2 and ozone pollutants at the measured American pollution level, 1977–99, expressed
            in annual cost per person in 2000 US$. Extending the cost estimates backwards to 1960,
            using lead emissions, indicates a total cost of $4,000–4,500 per person in the 1960s.
            Note, the economic estimates are uncertain and should only be considered rough estimates.
            Source: EPA 1997b:88, 2000:119, 2000e, 2000f:4, CPI 2001, Krupnick and Burtraw 1996:46–8,
            Burtraw and Krupnick 1996:462–3.1166

         
         
         Of course, there are many other substances we could also have investigated, such as
            VOCs (Volatile Organic Compounds), dioxins and heavy metals, but for one thing far
            fewer data are available on these, and for another they probably pose less of a danger
            to humans.1171

         
         The EPA has begun to monitor many of the toxic pollutants such as benzene, formaldehyde
            and styrene. By far the worst concentrations of pollutants are found in urban areas.1172 Within urban areas in the period 1993–8 (a rather short period unfortunately, but
            the longest available), “the results generally reveal downward trends for most monitored
            Hazardous Air Pollutants.”1173 In general, for every monitoring station showing a statistically valid upward trend
            in toxic air pollutants, more than six monitoring stations showed statistically valid
            downward trends.1174 The state of California has the largest and longest running air toxins program, and
            of the six major pollutants discussed by EPA, all have seen declines of 35–70 per-cent.1175 For the UK, measurements of six metal concentrations in the London air from 1976
            to 1993 all show decreasing concentrations, from 50 percent reductions in chromium
            and copper, 66 percent in cadmium and zinc, to 75 percent in nickel and 87 percent
            in lead.1176

         
         Particles

         
         It is only within the last decade that we have realized how dangerous airborne particles
            actually are.
         

         
         It has long been known that soot, particles and sulfur dioxide contribute to coughing
            and respiratory disease. With situations such as the one in London in 1952, where
            4,000 people died in seven days, it became obvious that there was a connection between
            extremely high levels of pollution and day-to-day excessive mortality.1177 But it was not until very large-scale statistical surveys were made in the late 1980s
            and early 1990s that it became clear that air pollution could also have substantial
            long-term effects.1178

         
         There have been two main problems. For one thing, it has been extremely difficult
            to differentiate between the effects of the various forms of pollution. When a scientist
            discovers that the mortality rate is a little higher in a place where the air is polluted
            by particles, it is tempting to believe that the particles are the cause. However,
            in places with high concentrations of particles, concentrations of SO2, lead, O3, NOx and CO will typically also be high – so which of them is actually to blame?
         

         
         From the statistical point of view, researchers try to solve the problem by investigating
            whether the mortality rate is lower in areas with high concentrations of SO2 for example, but with low particle pollution. If this were the case, it would suggest
            that particles are the guilty party. Unfortunately, this kind of connection is extremely
            complex and the best we can say right now is that it seems that particles are the primary cause of mortality due to pollution.1179 It was also for this reason that the US EPA, in its large-scale 1997 report on the
            pros and cons of regulating air pollution, decided almost entirely to investigate
            deaths caused by particles. It was considered that the effect of particles more or
            less accounted for the entire risk of death from air pollution.1180

         
         But this emphasizes the second problem. We still do not know how and why particles cause people to die.1181 It is thought that particles, when breathed in, enter the lungs and gain a foothold.
            They then cause change in the normal function of the lungs, irritate the bronchi and
            alter the pH-value of the lungs.1182 This has led to considerable interest in the question of the size of particles. Whereas
            large particles are caught in the nose and throat, extremely small particles can find
            their way into the innermost part of the lungs, the alveoli.1183 Increasingly, the evidence seems to point to the smallest particles posing the greatest
            risk to human health.
         

         
         Until the middle of the 1980s all particles were measured and classified as soot or
            smoke. Only in the late 1980s when researchers started to become aware of the effect
            of small particles did the US EPA begin to measure the small particles, less than
            ten-millionths of a meter across (10ixm, or PM10). Most recently, the EPA has begun to measure and set limits for the extremely small
            particles of just 2.5ixm (PM2 5). It is assumed that these particles are the actual culprits because they are so
            small that they can force their way into the very part of the lungs where oxygen is
            absorbed. Outside the US, there are still few systematic measurements for PM10.
         

         
         The smallest particles, PM2.5, come from combustion in motor vehicle engines, power stations and industry as well
            as from fireplaces and wood-burning stoves, whereas the slightly larger PM10 come from dust and mechanical wear and tear.1184 Although only 10 percent of all particles are man-made they are by far the most common
            in our urban environment.1185

         
         And what do particles do to our health? Evaluated on the basis of the best international
            surveys, particle pollution in the US can be estimated to cause roughly 135,000 premature
            deaths or almost 6 percent of all deaths each year.1186 By way of comparison, 42,400 people died in US road accidents in 1997.1187 In the UK, a similar number of excess deaths from particle pollution can be estimated
            at about 64,000.1188 Again, this number is surprisingly much higher than road accidents, which cost 3,581
            lives in 1998.1189

         
         But who is it who actually dies? Or to put it more cynically, how much of their lifetime
            do these people miss out on?
         

         
         On 30 May 1998 the world media reported that a heat wave in New Delhi had killed 500
            people.1190 But we often forget to ask who died. As a rule it is the elderly and extremely vulnerable individuals who die under such
            extreme weather conditions, and medical research shows that many would have died within
            a few days even if the weather had been better.1191 The medics therefore refer, rather sardonically, to weather conditions such as these
            having a harvesting effect.1192 If, on the other hand, primarily young and healthy Indians had succumbed to the heat
            wave, then we might have expected that they would otherwise have lived on to the normal
            average age of 62 – or about another 35 years. Therefore, it may be bad enough that
            500 old people, who might have lived a few days longer, die during a heat wave, but
            the death of 500 young people is far more awful when they could have lived for another
            35 years.
         

         
         It is estimated that particle pollution mainly kills older people (because they have
            been living longest with the pollution), but that the average life lost is still 14
            years.1194 This means that the 135,000 Americans who die annually from particulate pollution
            lose an average of 14 years of their lives. For the entire urban population this means
            that in the UK on average people lose more than one year of their expected life, and
            in the US almost two-thirds of a year.1195 In addition, the present-day US particle pollution causes about 8 million acute cases
            of bronchitis in children each year, and causes the loss of more than 20 million working
            days.1196

         
         It is not clear whether it will be possible to remove the small particles totally,
            but figures show that this may be an important priority, depending on how much it
            costs to reduce discharges. However, as we shall see, we have already improved the
            quality of our air to an amazing extent.
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         Figure 88 Particle concentration levels for the US (1957–99) and the UK (1962–97) and predictions
            for the urban UK (1995–2010). The US time series measures TSP (Total Suspended Particles)
            and from 1988 particles below 10µm (PM10). The UK time series measures black smoke, using a different method, and, at least
            for the 1990s, the UK smoke should be multiplied by 3.5 to compare it with the US
            PM10 (QUARG 1996:84). The urban UK prediction is PM10. Source: CEQ 1972:214, 1974:263, 1981:168, 1982:243, 1989:351, 1993:337, EPA 1997b:88,
            2000e:119, 2000f:4, Ludwig et al. 1970:473, Bailey 2000:293, NETC 1999, QUARG 1996:77, Stedman 1998:Table 2.3&4.1193

         
         Figure 88 shows American and British particle pollution from the 1960s till today. The crucial
            point is that particle pollution has fallen dramatically: since 1957 particulate pollution
            has fallen by 62 percent in the US, and smoke has declined by almost 95 percent in
            the UK. The more dangerous, small particles (PM10) have only been consistently monitored in the US since 1988, but over the measured
            12-year period this pollution has shown a 25 percent decline. Although it is not clear
            how the number of extremely small particles has changed since the 1960s, it is likely
            to have fallen dramatically. If we - very cautiously -assume that the extremely small
            particles (PM25) have fallen at least by half, the lower particle pollution saves some 135,000 lives
            each year in the US and some 64,000 lives in the UK, adding 0.7 years to the average
            American’s life and 1.35 years to the average British life. If the real decline in
            PM2.5 has been bigger, as is very plausible, the improvement has been proportionally even
            greater.1197 All in all, we have achieved an amazing improvement in the standard of health.
         

         
         Moreover, this development is not limited to the graphs of Figure 88. Looking at London in Figure 86, the particle pollution has decreased 22-fold since the late nineteenth century.
            During the last smog in London in December 1952 smoke levels above 6,000(xg/m3 were recorded - more than 300 times the present-day level in London.1198 Similarly, in Pittsburgh, downtown dustfall has seen an eightfold decrease since
            the 1920s, and a concurrent decline in smoky days from about 360 to almost nil.1199

         
         Also, it is likely that this trend will continue into the future, as is apparent in
            Figure 88 and Figure 89. Not only have PM10 road traffic emissions been declining in the US since 1960 and urban traffic emissions
            in the UK since 1990, but the decline is projected to continue to 2010. Despite increasing
            traffic, emissions will over the next ten years decrease by 20 percent in the US and
            30 percent in the UK1200 Moreover, this PM10 emission decline is not only relevant for road traffic emissions. In the US, total
            PM10 emissions have fallen 42 percent since 1990, and in the UK 47 percent.1201 Recent studies of PM10 concentrations in the major city areas in the UK actually project a 24 percent decrease
            from 1996 to 2010, as can be seen in Figure 88. Other countries have experienced similar declines. Since 1980, the particle pollution
            in Japan has declined 14 percent, in Canada 46 percent and in Germany 48.5 percent.1202 Athens has witnessed a 43 percent decline since 1985, and Spain a 34 percent decline
            since 1986.1203 Paris has experienced a dramatic 66 percent decline since 1970.1204
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         Figure 89 Emission of vehicle PM10 in the US (1940–2010) and urban vehicle PM10 in the UK (1970–2010). Predictions for 2000–2010. Source: EPA 2000d:3–13, 1999e:12,
            QUARG 1996:49.
         

         
         The reason for the dramatic fall in particle levels is partly that the emission of
            SO2 causing much of the particle pollution has fallen dramatically – in the EU by about
            50 percent since 1980 and in the US by about 37 percent since 1970.1205 This has been achieved by reducing consumption of fossil fuels, especially high-sulfur
            coal, by using smoke scrubbing equipment on power plant smokestacks and by increasing
            energy efficiency.
         

         
         The political decision to limit sulfur emissions is closely linked to the question
            of acid rain, which was very much on people’s minds in the 1980s. The fear of acid
            rain, which we will look into later, proved to be grossly exaggerated, although the
            SO2 reduction efforts did turn out to be reasonable because they helped reduce the particle
            pollution.1206

         
         However, reductions in urban areas have several other causes. Historically, a move away from siting power plants in urban
            areas and the use of taller smokestacks were two of the primary causes of pollution
            reduction.1207 At the same time we no longer use coke ovens and we have reduced our dependence on
            oil central heating, having instead changed to natural gas and district heating.1208 Finally, cars pollute much less than they used to, partly because of catalytic converters
            but also because diesel vehicles now use low-sulfur diesel oil.1209 However, compared to gasoline cars, diesel cars pollute much more in terms of particulate
            matter – in the UK, although diesel cars make up only 6 percent of the total car park,
            they contribute 92 percent of all vehicle emissions.1210 Thus, a marked increase in the use of diesel cars could slow the decline in particulate
            emissions1211

         
         Specialist literature has contained a lot of discussion about the degree to which
            legislation has been crucial, or at least important, to the reduction of air pollution.
            Many studies have – perhaps surprisingly – not been able to document any noteworthy
            effect.1212 Analysis of the British Clean Air Act of 1956 shows that while pollution has, of course, fallen, the difference between
            the rate of fall before and after 1956, or the difference between cities that did
            or did not have pollution plans, is not discernible. “It seems likely that in the
            absence of the Clean Air Act of 1956 substantial improvements in air quality would
            have occurred anyway.”1213 The explanation is to a high degree to be found in improved products and technology
            for industry and the home.
         

         
         In a study of three US cities, it was found that the mandated pollution control had
            an effect, but that the effects of regulatory control “generally have been overshadowed
            by the effects of economic changes, weather, and other factors.”1214 Generally it is probably fair to say that regulation is one of the reasons for the
            reduction of pollution but that other, technological factors also play a major role.
         

         
         In conclusion, it is worth emphasizing that particle pollution in terms of cost to
            humanity is by far the most important air pollutant and consequently (since air pollution
            makes up about 96 percent of all social benefits stemming from EPA regulation) by
            far the most important pollutant of all. And here the conclusion is unambiguously
            clear. Our most substantial pollution problem has been drastically reduced.
         

         
         Lead

         
         Lead was widely used even in antiquity because it was so easy to shape or mould into
            vessels and pipes. The Romans used a lot of lead in their water supply systems, and
            women used pulverized lead as makeup.1215 Throughout the Middle Ages, lead was also widely used, mostly as an additive to make
            sour wine drinkable – often with painful, sometimes even fatal after-effects.1216 In modern times, lead has proven an extremely useful metal in crystal glass, ceramic
            glazing, white paints, ammunition and printer’s type. When the motor car came on to
            the scene, lead batteries provided electrical power, and lead was added to petrol
            to increase its octane rating.1217

         
         Unfortunately, lead is also extremely toxic. Several scientists believe that the Roman
            upper class, who drank water from lead pipes and used lead-based mugs, vessels and
            beauty creams, suffered from permanent lead poisoning. This would have led to birth
            defects and widespread physical impairment that may have contributed to the fall of
            the Roman Empire.1218

         
         It has been known for a long time that high concentrations of lead in the bloodstream
            can cause cramps, coma and death.1219 But only within the last 20 years have we become clearly aware of some of the serious
            consequences stemming from even very small intakes of lead. Unborn children are particularly
            exposed. Studies have shown a rise in miscarriages if either or both partners have
            been exposed to lead in their workplaces. Lead can reduce men’s fertility and doubles the risk of women giving birth to retarded
            children.1220 In the USA, some 12,000-16,000 children each year are admitted to hospital with lead
            poisoning; 200 of them die and 30 percent of the survivors suffer permanent injury,
            becoming mentally retarded or paralyzed.1221

         
         Large-scale studies of children with varying concentrations of lead in their blood
            have shown that it has a substantial effect on their IQ - children with high concentrations
            are quite simply less intelligent, do not concentrate as well and are more restless
            than children with low concentrations of lead.1222 Lead can also cause hypertension in adult men.1223 Children’s intake of lead often comes from ingesting flakes of old, lead-based paint,
            that was banned back in 1940 - children from old houses in Youngstown, Ohio had more
            than twice the serum level of lead compared to children from new houses.1224

         
         Globally about 90 percent of lead emissions comes from lead added to petrol, even
            though leaded petrol now only represents 2.2 percent of total lead consumption.1225 The US started phasing out lead in gasoline in 1973, essentially completing the task
            in 1986.1226 In the UK, a reduction was started in 1981 and in 1985 the allowed lead contents
            in gasoline had been reduced by two-thirds.1227 Today, all US gasoline is unleaded, and likewise more than 75 percent of the gasoline
            sold in the UK.1228 The consequence for lead concentrations has been enormous. It can be seen from Figure 90 that the lead concentration in UK air has fallen by 85 percent. In the US the effect
            has been even more pronounced - since 1977 the lead concentration has dropped more
            than 97 percent, coming close to the threshold of what is measurable.1229 And the result can also be measured in people. Over the same period the lead content
            of Americans’ blood fell some 80 percent from 14.5 to 2.8jxg/dl. The number of infants
            with blood-lead concentrations of over 10(xg/dl fell from 85 percent to 6 percent
            in whites and from 98 percent to 21 percent in blacks.1230
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         Figure 90 Lead concentration in the US (1977–99) and the UK (1980–96). The US data measure
            highest quarterly average of 122 monitoring stations until 1986 and 208 thereafter.
            The UK data measure the annual average over 9 monitoring stations. Source: EPA 1997b:88,
            2000e:118, 2000f:4, DETR 1998a:Table 2.18.1231

         
         The US EPA estimates considerable benefits from this dramatic decline in lead pollution.
            It is estimated that about 22,000 deaths are avoided every year, which is about 1
            percent of all deaths.1232 Because many of those who would have died were children the average extra lifetime
            involved is as much as 38 years.1233 This is actually the equivalent of one-quarter life-year for every single inhabitant
            of the USA.1234 In societies with a comparable lead pollution load, such as the UK, a complete phase-out
            of lead should lead to roughly identical life expectancy gains. It is also estimated
            that in the US, children will on average avoid losing up to three IQ-points with lower
            lead levels and that 45,000 fewer retarded children will be born. Finally, about 12
            million fewer men will get hypertension.1235

         
         These figures are surprisingly large and demonstrate the amazing air pollution improvement
            that has taken place. For the second-worst air pollutant, the last 15–20 years have seen lead concentration levels falling dramatically by 80–97 percent.
         

         
         SO2

         
         The regulation of SO2 emissions was primarily a consequence of the anxiety in the 1980s about acid rain
            and its effect on forests and lakes in exposed areas. Even though it later proved
            that the effect on forests was extremely slight or even non-existent (as we shall
            see in the chapter on acid rain), regulation had the positive side-effect that it
            reduced particle emissions. When SO2 is emitted during combustion, part of the gas will oxidize and condense around tiny,
            unburned condensation nuclei to form particles.1236 It is in avoiding these particles that by far the greatest advantage of SO2 emission reductions lies.
         

         
         In addition, SO2 damages buildings and cultural objects such as statues. Metal corrodes much faster,
            and marble and sandstone in particular are damaged because SO2 is converted into sulfuric acid which gradually eats away the stone.1237 The overall effect, however, was found in the major US study to be relatively minor,
            whereas British and EU studies indicate much higher costs.1238 Sulfur dioxide can also reduce visibility, either as a light mist or as a dense gray
            smog just like the one once familiar to Londoners.1239 The cost of the reduced visibility in 1990 can be estimated at roughly $12 per person
            in the US.1240

         
         Finally, when SO2 is deposited it actually makes a free contribution to the fertilization of forests
            and agricultural crops in particular, estimated to be worth some $500 million annually
            in the US.1241 Likewise, when sulfur pollution was at its highest in Denmark, crops needing lots
            of sulfur, such as oilseed rape and cabbage, had their requirements covered through
            pollution, whereas it is today necessary to give these crops extra sulfur.1242

         
         In 1979 the Long-Range Transboundary Air Pollution convention was adopted in Helsinki,
            coming into force in 1983. First, in 1985 a strict protocol was signed, obliging European
            governments to reduce their emissions by 30 percent by 1993.1243 But as can be seen from Figure 91, European emissions had already been on the decrease since 1975. The reduction has
            been achieved by changing to other sources of energy, using less sulfurous coal and
            the general use of smoke cleansing.1244 European Union emissions have been declining steadily since 1980 and are expected
            to decline even further, to a total reduction of more than 75 percent by 2010. In
            the US similar regulations were introduced by the Clean Air Act Amendment in 1990,
            cutting emissions from power plants by about 50 per-cent.1245 Again, total US emissions had been declining since the early 1970s. Here the SO2 emissions are also expected to decline further, reaching a total reduction by 2010
            of 26 percent. The consequence has been a dramatic reduction in sulfur dioxide pollution
            in both Europe and the US (Figure 92). In the UK, SO2 concentrations that Britons have to breathe each day have fallen from 180(xg/m3 in 1962 to just 21(xg/m3 today, or a decline of 88 percent. The even steeper SO2 reduction in the London air is obvious in Figure 86, where concentrations have dropped more than 96 percent over the past hundred years.1247 Equally, in the US, concentrations of SO2 have fallen by almost 80 percent since 1962, as can be seen in Figure 92. In a large-scale study from 1995, the EPA estimated that reductions in SO2 concentrations since 1990 save more than 2,500 human lives a year in 1997.1248 The lives saved could, however, be attributable solely to reduced particle pollution.1249 It is expected when the full force of the Clean Air Act Amendment has made its mark
            in 2010 that about 9,600 lives will be saved every year.
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         Figure 91 Emission of SO2 in Europe (1880–1995), the US (1900–2010) and the EU (1980–2010). Predictions for
            2000–10. Source: NERI 1998a:49, EPA 1998d:25, 1999e:12, 2000d:3–12, EEA 2000, EMEP
            2000.
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         Figure 92 Annual average concentration of SO2 in the US (1962–99) and the UK (1962–97). Source: CEQ 1972:214, 1981:167, 1989:351,
            1993:337, EPA 1997b:88, 2000e:119, 2000f:4, Ludwig et al. 1970:474, Bailey 2000:297, NETC 1999.1246

         
         Ozone

         
         Ozone forms a vital layer in the stratosphere which protects us against ultraviolet
            rays from the sun. The “hole in the ozone layer” will be discussed later (p. 273ff).
            However, close to the earth ozone is harmful to humans and affects plant growth. Ozone
            irritates the respiratory organs, causes rubber to disintegrate and negatively affects
            plant growth.1250 Ozone is a secondary pollutant, because it is primarily created in a complex interplay
            between NOx and hydrocarbons.1251 Ozone and the NOx are the major players in the formation of brown (photochemical) smog of the kind
            familiar in Los Angeles and seen today in many cities in the developing world.1252

         
         Ozone is not believed to have any actual life-threatening effect.1253 The UK Expert Panel on Air Quality Standards “found no evidence that exposure to
            the levels of ozone that are encountered in the United Kingdom are likely to lead
            to long term damage to the respiratory system.”1254 On the other hand, it has a substantial impact on agriculture and horticulture: it
            is believed that the most significant economic damage from pollution is experienced
            by these industries, and in the US the cost has been valued at several billion dollars.1255 Ozone can, however, also reduce the risk and effect of fungal attacks.1256

         
         Ozone pollution is generally measured in peak concentrations, because these matter
            the most for health and vegetation effects.1257 In the US, maximal ozone concentrations have declined since 1977 by almost 30 percent,
            as can be seen in Figure 93. Ozone levels have not been consistently monitored at the national level in the UK.
            In the 1997 UK ozone review, it was concluded that there was clear evidence of a reduction
            in peak concentrations,1258 and as Figure 93 indicates, London peak data show a fall of 56 percent from 1976 till today.
         

         
         For agriculture, it is estimated that all 15 countries in the EU will experience a
            decrease in crop ozone exposure. On average, the exposure level will have decreased
            from 1990 to 2010 by about 25 percent.1259
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         Figure 93 Ozone levels in the US (1975–99) and London, UK (1976–98). The US time series measures
            the cross country average of the annual second-highest one-hour ozone value (2nd max.
            1-hr), while data from London measure the maximum hourly average. Source: CEQ 1993:337,
            EPA 1997b:88, 2000e:119, 2000f:4, DETR 2000.1260

         
         NOx

         
         Nitrogen oxides come primarily from motor vehicles and power stations. Together with
            ozone they form the main component of brown Los Angeles smog. Together with SO2, they contribute to acid rain, and in addition to that they can cause respiratory
            problems and lung infections in children and other vulnerable groups such as asthmatics.1261 NOx is, however, far less dangerous to humans than particles, lead and SO2, and it has not been possible to link it with any tendency towards excessive mortality.1262

         
         NOx also functions as fertilizer when it is introduced into the soil or water. It can
            also have a negative effect such as when seas and inland waterways get overfertilized,
            causing algae to flourish. In late summer this can also increase the risk of oxygen
            depletion and fish death (this problem will be discussed in chapter 19).1263 The effect can also be positive when NOxs are deposited on crops and in principle function as free fertilizer, although the
            overall amounts involved are probably quite low.1265

         
         In the US, NOx pollution has gradually been reduced. This is evident in Figure 94, where the concentration has fallen some 38 percent since 1975. Although there are
            no national long-term measures of NOx in the UK, London data indicate a fall of more than 40 percent since 1976. The emissions
            of NOx in the UK have decreased since 1990 and are expected to have fallen around 55 percent
            before 2010.1266 Equally, Germany has seen a 15 percent decrease in NO2 since 1985, Spain a 17 percent decrease since 1987, and Canada a 32 percent decrease
            since 1980.1267 Much of the reduction can be credited to catalytic converters, although the reason
            why the reduction is not even greater is that the formation of NO2 is also dependent on available ozone, quantities of which were already limited.1268
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         Figure 94 Annual average NO2 concentrations in the US (1975–99) and in central London, UK (1976–98). The American
            measurements are based on 238 monitoring stations up to and including 1986, and 600
            thereafter. Source: EPA 1997b:88, 2000e:118, 2000f:4, DETR 2000.1264

         
         
         
         
         CO

         
         Carbon monoxide can be dangerous in extremely high doses – people are able to commit
            suicide with their cars idling in a garage precisely because CO is absorbed by the
            blood instead of oxygen and asphyxiates them.1269 But CO in common out-door concentrations is not lethal and is probably less dangerous
            than most of the other pollutants discussed here.1270 In the words of the Copenhagen Air Monitoring Unit: “The level of carbon monoxide
            on its own is not considered to entail effects on health.”1271

         
         The main source of CO for many people is cigarettes – it is estimated that smokers
            will have 50–700 percent higher CO levels than people exposed to extreme CO pollution.1272 In cities, by far the majority of CO comes from incomplete combustion in petrol-driven
            engines.1273 Catalytic converters reduce CO emissions approximately by a factor of 8.1274

         
         Figure 95 shows the dramatic fall in American carbon monoxide concentrations of almost 75 percent
            since 1970. Carbon monoxide levels have not been monitored at the national level in
            the UK, but the London data displayed in Figure 95 indicate a fall of 80 percent since 1976. Since the London site is just one measurement
            station, the year-to-year differences are much larger.
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         Figure 95 Annual average CO concentrations in the US (1970–99) and in central London, UK (1976–98).
            The US is measured as the second largest 8-hour maximum and London as the maximum
            running 8-hour mean. The American figures are from 91 monitoring stations up to and
            including 1976, 168 from then until 1986 and 345 thereafter. Source: CEQ 1982:243,
            EPA 1997b:88, 2000e:118, 2000f:4, DETR 2000. 1276

         
         
         
         And the developing world? Both growth and environment

         
         As we have seen above, air quality has vastly improved as far as the main parameters
            are concerned: particles, lead, SO2, O3, NOx and CO. And this is true not just in the UK and the US – it applies in most parts
            of the Western world. “Air quality in OECD countries is vastly improved,” concludes
            the World Bank.1275

         
         However, the good news does not apply to many developing countries. Today, some of
            the most polluted places in the world are found in the megacities of the developing
            world such as Beijing, New Delhi and Mexico City. All three have particle levels of
            around 400(xg/m3 - more than eight times as polluted as American or British air and far in excess
            of the World Health Organization’s recommended threshold of 50-100jxg/m3.1277 Thirteen of the 15 most polluted cities in the world today are in Asia.1278 The same goes for SO2, where levels in these cities are at least twice the maximum
            recommended by the WHO. The World Bank estimates that in Beijing at least 4,000 people
            lose their lives every year because of SO2 pollution, and the number is rising.1279

         
         But let us consider for a moment what exactly happened in the Western world. Over
            a period of 100-300 years the West saw increasing incomes and ever increasing pollution.
            In the 1930s and 1940s, London was even more polluted than Beijing, New Delhi and
            Mexico City are today. In general, it was not until the last 40 to 100 years that the developed countries de-coupled economic growth
            from the growth in pollution. The explanation, according to the World Bank, is that
            with increasing affluence the Western world has gradually become better able to afford
            to pay for a cleaner environment and at the same time has found a polluted environment
            less and less acceptable. Political decisions have then followed and a cleaner environment
            has been achieved.1280 But if this de-coupling has been achieved in the Western world why should we not
            expect this to happen in the developing countries as they, too, get ever richer? Will
            they not want a better environment as well?
         

         
         The World Bank set about investigating whether there was a general tendency first
            for growth to act to the detriment of the environment, then for growth actually to promote positive environmental development and to support it. They tried comparing all the
            countries in the world for which figures for economic development and pollution were
            available. The result can be seen in Figure 96. Along the horizontal axis are the countries according to their wealth, and up the
            vertical axis their levels of pollution. For 1972 the conclusion is perfectly clear:
            in the first phase of growth, during which countries develop from extreme poverty
            to medium income, they will pollute more and more, but after this their pollution
            levels actually fall – to the level they had before they started developing.1281 So it seems that it is possible to achieve high standards of living and still have
            an ever better environment (this was also the general point in Figure 9, p. 33).
         

         
         It is probably even more surprising when we look at how the connection between income
            and pollution changes from 1972 to 1986. In 1986 we still see the basic pattern of
            growth and first more then less pollution. But notice that pollution has fallen for
            all nations at all levels of wealth. This is due to continuing technological development,
            which makes it possible to produce the same amount of goods while imposing less of
            a burden on the environment (e.g. more dollars with less energy, Figure 68). The analysis shows that the particle pollution falls about 2 percent each year.
            Thus, the developing countries can not only achieve both economic growth and a better
            environment, but over time will get even better environment for a given amount of
            wealth. This is because developing countries can buy progressively cheaper, cleaner
            technology from the West. The key factor here is that technology makes it possible
            to achieve growth as well as a better environment. This may sound paradoxical, because
            we are accustomed to thinking of growth and the environment as opposites, but this
            is a misconception rooted in the early Western Industrial Revolution.
         

         
         Even so, it seems like magic: growth as well as a clean environment? In reality, the
            explanation is simple. So long as we do not sensibly price our natural resources such
            as pure water, clean air and human health, it will be easy for producers to exploit
            them. And so long as most people only want material progress, or are too weak politically
            to wish for anything else, production continues to pollute ever more. However, as
            the Western countries to an increasing degree have begun to focus on better quality
            of life through a cleaner environment, the political decision has been made that pollution
            should be costly. By means of bans, regulations and taxes, we have changed the market
            to ensure that production has automatically become far more efficient and less polluting.
            It is no coincidence that the connection between income and air pollution looks much
            like the pollution trend for London from 1585 that we saw in Figure 86. There are no decisive reasons to assume that the same development will not happen
            in the Third World which today faces serious environmental problems equivalent to
            those we faced 50–80 years ago.
         

         
         Figure 96 showed us the relationship between income and particles. Figure 97 shows an equivalent unambiguous connection between income and SO2 pollution. In this
            case the reduction between 1972 and 1986 is even greater – the analysis indicates
            an annual fall of 5 percent.
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         Figure 96 The connection between GDP per capita and particle pollution in 48 cities in 31 countries,
            1972 and 1986. Source: World Bank 1992:41, Shafik 1994:764.
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         Figure 97 The connection between GDP per capita and SO2 pollution in 47 cities in 31 countries, 1972 and 1986. Source: World Bank 1992:41,
            Shafik 1994:764.
         

         
         Conclusion

         
         The achievement of dramatically decreasing concentrations of the major air pollutants
            in the Western world, as demonstrated in this chapter, is amazing by itself. But it
            is all the more impressive that it has been attained while the economy and the potential
            polluters have increased dramatically – in the US, the total number of car miles traveled
            has more than doubled over the past 30 years. The economy has likewise more than doubled,
            and the population has increased by more than a third.1282 Nevertheless, over the same period emissions have decreased by a third and concentrations
            much more.1283 This is why it is reasonable to be optimistic about the challenge from air pollution.
            Not only have we seen that air pollution can be – and historically has been – combated
            in the developed world. There is also good reason to believe that the developing world,
            following our pattern, in the long run likewise will bring down its air pollution.
         

         
         As emphasized by the World Bank, growth and environment are not opposites – they complement
            each other. Without adequate protection of the environment, growth is undermined;
            but without growth it is not possible to support environmental protection.1284 The World Bank points out: “The key is not to produce less, but to produce differently.”1285 This is precisely what new technology has allowed the developed world to do. And
            it is precisely what it is increasingly allowing the developing world to do also.
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         16    Acid rain and forest death

         
         
         Acid rain was the great horror of the 1980s. We saw the sick and dying trees on the
            TV news and were told that acid rain was killing our forests. Looking at publications
            from the 1980s one will see that they did not spare their readers when it came to
            descriptions. Acid rain was the “invisible plague”1286 which was creating an “ecological Hiroshima.”1287 The UN Brundtland report stated flat out that “in Europe, acid precipitation kills
            forests.”1288 Several present-day ecology books repeat the charge.1289

         
         A popular book published in 1989 with the title Acid Rain: Threats to Life told us:
         

         
         An acid plague is sweeping the Earth. The rain, snow, fog, and mist have become acid
            because of pollution from factories and cars all over the world, and it has been converted
            to acid rain.
     Acid rain destroys our buildings and statues but it is also threatens the natural
            environment.
     One third of the German forests have been attacked, so the trees are either dead
            or dying.
     4000 Swedish lakes are dead and 14,000 are in the process of dying …
     In cities all over the Earth, people are being suffocated – or dying – because
            the smoke cannot escape …
     Acid rain has become one of the most serious threats to life here on Earth.1290

         
         Apart from the fact that big-city pollution has nothing to do with acid rain, the
            above was probably a bit shrill even at the time it was written. Today we know that
            acid rain was nothing like the problem it was made out to be in the 1980s.
         

         
         “Acid rain” has typically been used as a collective term for damage to forests, lakes
            and buildings believed to be caused by emissions of NOx or SO2.1291 In fact all rain, even before industrialization, has been naturally acidic, so the
            expression acid rain has been associated with the extra acid that could arise when
            NOx or SO2 reacted with water to create sulfuric or nitric acid.
         

         
         In the late seventies and early eighties, areas of central Europe were observed to
            be suffering extreme forest death. The hardest hit areas in Bavaria had up to 40 percent
            sick and dying trees.1292 A group of German scientists predicted that Europe’s forests were threatened by acid
            rain and as many as 10 percent of all trees were at risk.1293 Despite fierce criticism from other scientists, the images of the sick and dying
            trees reached all round the world, sowing anxiety both in other European countries
            and in the US.1294

         
         The fear of and assertions about acid rain led to numerous scientific investigations.
            The official American acid rain project, the National Acid Precipitation Assessment
            Program (NAPAP), became the world’s biggest, longest and most expensive; it spanned
            most of a decade, involved about 700 scientists, and cost half a billion dollars.
            A whole series of questions were looked into in order to expose links between acid
            rain and forests, lakes and buildings.
         

         
         Figure 98 shows the results of one of NAPAP’s long-term controlled experiments, in which seedlings
            from three species of trees were exposed to various concentrations of acid rain over
            a period of almost three years. The trees were cultivated in relatively poor soil
            in order to maximize any negative effects of the acid rain. As the figure shows, no
            acid rain effect was detected on any of the three species of tree. Even with precipitation
            almost ten times as acidic as the average acid rain in the eastern US (pH 4.2) the
            trees grew just as fast. In fact many of the NAPAP’s studies showed that trees exposed
            to moderate acid rain grew faster.1295 Some even longer controlled experiments were carried out in Norway, and here too
            the conclusion was that the predicted negative effects of acid rain “could not be
            demonstrated.”1296 For this reason NAPAP’s conclusion was that “the vast majority of forests in the
            U.S. and Canada are not effected by decline … Moreover there is no case of forest
            decline in which acidic deposition is known to be a predominant cause.”1297 
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         Figure 98 NAPAP experiment showing growth in diameter of 2- to 5-year-old seedlings exposed
            to various levels of simulated acid rain. (Lower pH-value means more acidic rain.)
            Source: Kulp 1995:529.
         

         
         NAPAP also evaluated the consequences of acid rain on lakes and buildings. As far
            as lakes are concerned, it concluded that in even the most acid-sensitive regions,
            acidification problems affected only 4 percent of lakes and 8 percent of water courses.1298 The mountainous regions in the West and the southeastern highlands largely face no
            problems. Here, less than 1 percent is acidified.1299 On the other hand there is no doubt that this 1 percent of the lakes have actually
            lost fish as well as benthic fauna and flora.
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         Figure 99 Annual change in acidity of lakes in the 1980s and 1990s. Positive means less acidic.
            Source: NERI 1998a:52, EEA 1998:75.
         

         
         As far as lakes in Europe are concerned, Norway and the other Scandinavian countries
            have been hit hardest. In 27 percent of all lakes in Norway the sulfur deposition
            exceeds the critical load. In Finland it is 10 percent, in Sweden and Denmark 9 percent.1300 Within the last decade, however, the lakes in most countries in Europe, including
            Scandinavia, have become less acidic, as can be seen from Figure 99, primarily because of reductions in SO2 emissions.
         

         
         Finally, NAPAP investigated the extent to which acid rain actually damages buildings
            and monuments. It turned out that if the acid content was increased by 20 percent,
            the time at which restoration would be necessary was only brought forward by 2–5 percent.1301 Even if acid content was reduced by 50 percent, restoration would only be delayed
            by 10–15 percent.1302 Thus, by reducing acidity by 50 percent it would be necessary to restore facades
            not every 50 years but only every 56 years.
         

         
         
         As regards forestry, European research drew the same conclusions as NAPAP. Thus the
            annual report on the state of forests published by the UN and the European Commission
            in 1996 concluded that “Only in a few cases has air pollution been identified as a
            cause of [forest] damage.”1303 Equally, the UN concluded in its review of the world’s forests in 1997 that “the
            widespread death of European forests due to air pollution which was predicted by many
            in the 1980’s did not occur.”1304

         
         It has turned out that forest death never actually affected more than 0.5 percent
            at most of the overall European forest area.1305 It also turns out that the substantial local forest death in Bavaria, Poland and
            the Czech Republic was due not to acid rain but to local pollution – that smoke directly
            from the sources of pollution damaged the trees.1306 Localized pollution such as this can be, and has been, regulated locally, unlike
            acid rain which crosses national boundaries. SO2 emissions have been reduced 30 percent in Germany and 50 percent in both Poland and
            the Czech Republic, and local SO2 concentrations decreased 50–70 percent over just seven years from 1989.1307

         
         If we look at the growth of European forest, it has not been reduced, as the theories
            about acid rain had predicted.1308 In fact, “during the past few decades, forest growth has strongly increased over
            large parts of Europe,” concludes a Dutch study.1309 That is to say that since the 1950s trees have begun to grow faster and faster, and
            this is due, as mentioned in connection with rapeseed and cabbage above, to the fact
            that part of the trees’ fertilization requirement is provided for by nitrogen pollution.1310

         
         These days, large-scale reports are being prepared about the health of various species
            of trees in Europe. What is mainly done is to measure the proportion of trees with
            heavy foliage loss and the proportion of discolored trees. This proportion grew dramatically
            from the first reports in 1983 and led, understandably enough, to panic. Today we
            know, however, that this was purely due to a change in the method of calculation.1311

         
         Even so, the proportion of trees showing heavy foliage loss today is over 25 percent,
            which has urged many people to claim that our forests are still in a bad state.1312 One theory frequently advanced is that pollution does not directly cause damage to
            the trees (as was assumed by the acid rain theory), but that it weakens the trees’
            resistance, making them more susceptible to insect attack, frost and drought.1313 This theory is not easy to put to the test, especially as it is often claimed that
            the effect can be indirect and delayed. However, it does seem striking that in comparing
            the various areas’ pollution with forest death, there is very little or no correlation.1314

         
         This is also why the European Environment Agency concludes that “a causal connection
            cannot … be established between an input of acid deposition … and observed foliage
            reducion.”1315 Actually, the EEA finds that monitoring results show an ever increasing defoliation,
            despite SO2 emission reductions, and that the cause may instead be due to the aging of the monitored
            tree stands.1316

         
         In the same vein, a German scientist has analyzed photographs of forest areas taken
            30–60 years ago and found that the proportion of damaged trees was just as great then
            as it is today.1317 Foliage loss is in reality simply a non-specific expression that applies to numerous
            specific, familiar diseases, and the reason why we have started worrying about it
            is that we have started monitoring this loss.1318

         
         As mentioned in the section on SO2, it was probably reasonable to reduce SO2 emissions from the point of view of health, because the side effect was fewer particles.
            But acid rain was simply not the terrible threat we were told it was in the 1980s.
            The anticipated, large-scale forest death never took place.
         

         
         Unfortunately the myth lives on in many places. In a long litany of worries, published
            in the American Journal of Public Health in 1999, it is stated quite casually how personal health problems are turning into public environmental issues, “as communities discover toxic
            waste dumps, polychlorinated biphenyls (PCBs) in their rivers, and acid rain destroying
            their forests.”1319 Likewise, the Danish daily Politiken recently wrote, briefly and to the point: “Sulfur in the atmosphere produces acid
            rain. And acid rain kills forests.”1320 
         

         
         Simple. But not borne out by the evidence.
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         17    Indoor air pollution

         
         
         When we think of air pollution, what immediately comes to mind is smoke and car exhaust
            fumes – outdoor pollution. But although this is dangerous, at a global level indoor
            pollution actually poses a far greater health risk.1321 The latest estimate from WHO, as depicted in Figure 100, shows that indoor air pollution costs about 14 times more deaths than outdoor air
            pollution. Moreover, both in developing and developed urban areas, the death toll
            from it is far greater. In total, indoor air pollution is estimated to cost 2.8 million
            lives each year.
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         Figure 100 Estimated global annual deaths from indoor and outdoor pollution. Source: WHO 1997:17.
         

         
         
         Indoor air pollution in the developing world

         
         Indoor pollution is especially a problem in the Third World. Here, about 3.5 billion
            people – more than half the population of the globe – depend on traditional fuels
            such as firewood, charcoal, dried dung and agricultural wastes to cook and heat their
            homes.1322 These fuels all develop far more soot, particles, carbon monoxide and toxic chemicals
            than more modern fuels such as gas and kerosene.
         

         
         When particles and carbon monoxide in particular are released in large quantities
            in small homes, they subject the residents to far higher contamination levels than
            they would meet in even the most highly polluted city. Several WHO studies have shown
            that average daily indoor air pollution in developing countries is 1,000–2,000 percent
            or more above the recommended maximum threshold.1323 So indoors, one finds air that on average is 3–37 times as polluted as the outdoor
            air in the most polluted megacities such as Beijing, New Delhi and Mexico City.1324

         
         Extra fuel is of course burnt when people are making food and already incredibly high
            pollution levels can be increased by a further 500 percent (i.e. totaling anywhere
            between 5,000–10,000 percent above the WHO recommended maximum level).1325 In particular the women who are doing the cooking, as well as their children, are
            exposed to this indoor atmospheric pollution. Smoke contributes to acute respiratory
            infections, which on a global basis kill more than 4 million children and infants
            a year.1326 It is estimated that children exposed to high levels of indoor atmospheric pollution
            are between twice and six times as likely to contract serious respiratory infections.1327 For women, atmospheric pollution means a far higher risk of getting chronic pneumonia
            or cancer and experiencing problems with childbirth.1328 A study in Mexico showed that women who had been exposed to wood smoke for many years
            were 75 times more likely to get chronic pneumonia. Likewise, women in the Xuan Wei
            country in China cook using traditional fuels. When the US EPA investigated the risk
            of non-smoking women in the province getting lung cancer, the figure they arrived
            at was 125.6 per 100,000 compared to the Chinese national average of just 3.2. Analyses
            of blood and indoor air indicated that fuel burning inside the house was the primary
            cause of lung cancer.1329

         
         The WHO estimates 2.8 million annual deaths from indoor air pollution, making it one
            of the largest single mortality factors in the world – 5.5 percent of all deaths.1330 This is an extremely large figure and backs the World Bank’s decision to name indoor
            air pollution as one of the world’s four most crucial environmental problems.1331

         
         One of the most important contributions to the solution of the indoor air pollution
            problem will materialize when generally improving wealth in the developing world makes
            it possible for people to change from cheap but dirty to more expensive but cleaner
            fuels such as kerosene and gas.1332 Also for this reason it is vital to focus on increased growth in Third World income
            per capita.
         

         
         Indoor air pollution in the developed world

         
         One of the paradoxical consequences of the dramatic and welcome reduction in outdoor
            air pollution is that the relative impact of air pollution indoors is now greater
            than it is out-doors.1333 This is mainly because we spend by far most of our time indoors and because our homes
            have become more tightly sealed since the oil crisis because we insulate them better.
            At the same time, indoor air pollution represents a considerable challenge because
            the level of pollution is much more difficult to monitor, regulate and reduce. As
            a matter of curiosity it is worth noting that green plants do not help to improve
            indoor air to any measurable extent.1334

         
         According to the US EPA, the four most dangerous substances are not the major outdoor
            criteria pollutants, but radon gas, cigarette smoke, formaldehyde and asbestos.1335 Radon is an invisible, radioactive gas which seeps up into buildings through the
            earth. It is a breakdown product from uranium-238, which occurs naturally in the subsoil
            and is quite harmless when it is released, spreads and breaks down in fresh air. Inside
            our homes, however, the gas and its decay products build up to considerable levels
            and when inhaled can cause lung cancer.1336

         
         Radon accounts for about 55 percent of the overall radiation to which humans are exposed
            under normal conditions.1337 Although its effects are still disputed, it is estimated that radon seeping into
            homes causes between 15,000 and 22,000 of the 157,000 lung cancer deaths in the US.1338 In the EU the mortality figure is estimated to be around 10,000 or about 1 percent
            of all cancer deaths.1339

         
         It is a small proportion of houses that account for most of the radon problem. In
            the US it is estimated that some 6 percent of all houses are above the threshold value
            of 148 Bq/m3 (Becquerel per cubic meter)1340 and reducing levels in these homes would reduce the incidence of radon-related lung
            cancer by a third.1341 In order to reduce these concentrations it is necessary to place an airtight membrane
            under the carpets or provide some form of ventilation.1342

         
         Cigarette smoke causes an very high mortality among smokers, but non-smokers are also
            affected through passive smoking. The particle pollution (PM10) is two or three times higher in houses with smokers than in other houses.1343 It is estimated that some 3,000 deaths a year in the US are due to passive smoking
            and that between 180,000 and 300,000 children a year get pneumonia or bronchitis because of it.1344 In Denmark, more than 66 percent of all children are subjected to passive smoking
            either at home or in day-care.1345

         
         Formaldehyde in homes comes primarily from the adhesives in pressed wood products
            like particleboard, hardwood paneling and medium density fiberboard, and it can cause
            nausea and watery eyes. Higher doses may cause breathing difficulties and trigger
            asthma attacks, and formaldehyde is also suspected of being carcinogenic.1346

         
         Asbestos is a mineral consisting of microscopic fibers which, when breathed in, can
            cause lung cancer or asbestosis (scar tissue from fiber damage). Asbestos is cheap,
            fireproof and a good insulator, and it was therefore used in a multitude of products
            such as pipe and furnace materials, millboards, textured paints, and floor tiles.1347 Only later was the elevated risk to asbestos workers documented, and the material
            was banned for interior use in the US in 1974.1348

         
         Asbestos is typically encapsulated, for example in ceiling tiles, and in this form
            it is probably not dangerous.1349 It has still not been determined whether it is actually a good idea to remove asbestos
            or whether it should remain in place, just as it is not clear how risky the low-level
            effect of asbestos actually is.1350

         
         Generally speaking it is difficult to determine the relative importance of indoor
            versus outdoor air pollution in the developed world. The WHO estimates in Figure 100 clearly seem to indicate that even in the developed world the number of deaths from
            indoor air pollution is far the greater of the two, but the WHO’s modeling efforts
            have primarily focused on indoor pollution, and the estimate on outdoor air pollution
            seems much too small, given the discussion on particulate pollution above. A more
            likely estimate is that the two are somewhat equivalent – in the US, indoor air pollution
            is estimated to cause between 85,000 and 150,000 deaths a year compared to between
            65,000 and 200,000 deaths caused by outdoor air pollution.1351

         
         As regards the four major indoor air pollutants it can be noted that little has been
            done about radon and that its effect has probably been aggravated over the last 20
            years because better-insulated homes have increasingly poor ventilation. The proportion
            of the population that smokes, however, has fallen drastically in the USA, from 42
            percent in 1965 to only 25 percent in 1997.1352 As far as formaldehyde and asbestos are concerned, products containing the dangerous
            substances have been gradually phased out or better regulated, and this has probably
            increased safety in the long term.
         

         
         All in all, the number of deaths is undoubtedly considerably lower in the developed
            world than those caused by indoor air pollution problems in the Third World.
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         18    Allergies and asthma

         
         We often hear that allergies are becoming much more common and that in some way or
            other this is linked to the fact that the environment is continually deteriorating.1353 But how much do we know about allergies and asthma and their connections to our surroundings?
            On the whole it can be said that, despite considerable research efforts, we are unsure
            on several essential points as to what causes allergy and asthma and even whether
            they actually are becoming more common.
         

         
         To be allergic means that one is hypersensitive to specific substances (allergens);
            that one gets a powerful immune reaction even at concentrations which do not bother
            other people.1354 There are many kinds of allergies: hay fever, asthma, food allergies, nettle rash,
            anaphylactic shock1355 and eczema. It is estimated that in Europe around 10–30 percent of people have some
            form of allergy, by far most common being hay fever and nickel allergy.1356 In the US, about 35 percent describe themselves as being allergic, whereas official
            estimates run at about 18.5 per-cent.1357 Allergy is the sixth leading cause of chronic disease in the US.1358

         
         Globally, asthma is one of the most serious allergies. Just under 6 percent or 15
            million Americans have it,1359 whereas more than 30 percent or 18 million Britons have asthmatic symptoms.1360 Asthma causes the air passages to narrow. Unlike chronic bronchitis, for example,
            this narrowing is generally temporary and stops either spontaneously or after treatment.1361

         
         Virtually all studies from around the world show that the incidence of asthma has
            been on the increase, as can be seen from Figure 101. The rate of increase has been around 5 percent a year in the UK and figures of the
            same magnitude have been found in Sweden, Switzerland, Norway, the US, Australia,
            New Zealand and Taiwan.1362 But the question is, of course, whether this is due to actual increase, or whether
            it is purely evidence of increased public and medical awareness of the illness. An
            interpretation of this kind is not as amazing as it may seem. For one thing, diagnosing
            asthma is far from straightforward. For example, the WHO, the American College of
            Chest Physicians/American Thoracic Society, and the National Asthma Education Programme
            Expert Panel Report use different definitions when identifying asthma.1363 Consequently, measuring the incidence is not merely a counting problem.1364
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         Figure 101 Changes in prevalence of asthma and wheeze, according to surveys conducted 1956–93.
            Notice, the graph is here reproduced as published in British Medical Journal, using a logarithmic second axis. If depicted in actual percent, the increase would
            look even more dramatic. Source: Jarvis and Burney 1998:607. 
         

         
         In addition to this, our own knowledge influences to a large degree our classification
            of our ailments. Many people today have become aware of allergies related to food
            and typically about 20 percent of the population believe they have a food allergy.
            Clinical studies show, however, that only about 1.4 percent of all adults actually
            suffer from food-related allergies.1365 Equally, there is an increased public awareness of asthma. Thus, there is a distinct
            risk that if we had asked a sample of the public 20 years ago whether they suffered
            from asthma, and asked another sample today, we would get a much larger percentage
            of affirmations today even if there had been no change.
         

         
         Unfortunately, there are very few studies that employ robust monitoring of asthma
            over time so as to provide a reasonable comparison. A recent meta-study (a study of
            many other investigations) in the British Medical Journal concluded that, despite the massive number of scientific studies, “the evidence for
            increased prevalences of asthma and wheezing is weak because the measures used are
            susceptible to systematic errors.”1366 Nevertheless, most doctors believe that the massive increases in registered incidence
            do indeed indicate some actual – though smaller – increase.1367

         
         At the same time there has also been a small increase in mortality from asthma. This
            can be interpreted as objective proof that the number of cases is increasing.1368 There are, however, certainly other explanations. It was not until the sixties that
            mortality from asthma increased dramatically for a time in many countries. However,
            today the increase is believed to have been caused by exaggerated or erroneous use
            of so-called non-selective ? agonists.1369 A slight increase in mortality over the past 20 years is assumed primarily to have
            been caused by poor treatment, especially of disadvantaged groups such as blacks and
            the poor.1370 Mortality in England and Wales fell during the late eighties and early nineties,
            and is now at its lowest level since monitoring began in 1969.1371

         
         Although it may still not be clear whether asthma is strongly on the advance, the
            intense growth in acknowledged asthma is causing an increasing burden on the public health budget. In the US, the
            overall cost of asthma is estimated at about $7 billion, and in the EU the total direct
            and indirect costs are estimated at $29 billion.1372 Today at least 10 percent of children and 5 percent of adults in the Western world
            suffer from it.1373

         
         Consequently, it is also important to find out what causes asthma. It is to a large
            extent genetic – because our genes partly decide whether we have a “sensitive” or
            “thick-skinned” immune defense system.1374 Studies of twins have shown that between 40 and 60 percent of asthma incidence is
            hereditary.1375 However, genetics can probably not explain the large discrepancies there are between
            the nations (see e.g. Figure 101), where symptoms of asthma are more common in New Zealand, Australia, the USA and
            UK than in the rest of Europe. Children are also more prone to it – boys more so than
            girls.1376 Those children who suffer from a mild form typically grow out of it, whereas those
            who have a more serious form are burdened with it for the rest of their lives.1377

         
         The other major cause of asthma comes from our surroundings. There generally seems
            to be more in towns and cities than in the countryside.1378 This could, of course, just be caused by factors such as wealth, nutrition and stress.
            However, many migrants to urban areas have been examined and it was found that the
            migrants faced a far higher risk of getting asthma than those who stayed behind.1379

         
         Now it would be tempting to believe that the increase is caused by air pollution,
            but as we have seen, air pollution has been falling in the Western world over the
            past 20–30 years. It turns out that although pollution can make things worse for asthma sufferers, it cannot in itself cause the disease.1380 Actually, not even the heavy smoke from the oil fires started by retreating Iraqi
            forces in the Gulf War aftermath could be registered in the Kuwaiti asthma rates.1381 In fact, the official British committee set up to investigate the medical aspects
            of outdoor air pollution drew the somewhat surprising conclusion: “As regards the
            initiation of asthma, most of the available evidence does not support a causative
            role for outdoor air pollution … Asthma has increased in the UK over the past thirty
            years but this is unlikely to be the result of changes in air pollution.”1382

         
         This conclusion is reinforced by the fact that asthma is often most common in industrialized
            countries, where air pollution has been on the decline, and not in the developing
            world where it is increasing.1383 The only obvious external air pollution causes are biological pollutants, known allergens
            such as pollen and fungal spores.
         

         
         The causes of asthma are more likely to be found in our homes. The children of smokers
            face double the risk of getting asthma, and smoke aggravates pre-existing asthma.1384 It is estimated that around 380,000 asthma cases in the US are caused by parental
            smoking.1385 By far the majority of asthmatic patients are also hypersensitive to dust mites,
            which thrive in our northerly, damp air, where there are generally more asthma sufferers.1386 When bed sheets, which often come to contain large numbers of dust mites, were introduced
            among some tribes in New Guinea, the incidence of asthma increased dramatically.1387 In addition to this, cats, cockroaches and fungal spores also contribute considerably
            to allergic reactions, but unfortunately no one has yet investigated whether the increase
            in the number of asthma cases could be caused by the fact that, for example, more
            people now keep cats.1388

         
         On the other hand, we do know that since the energy crisis we have dramatically increased
            the insulation of our homes in order to cut the heating bill. Today, the indoor air
            in our homes is replaced on average 10 times less frequently than it was 30 years
            ago.1389 This has led to a marked increase in atmospheric humidity, in concentrations of dust
            mites and other allergens.1390 In addition to this we now have far more soft furnishings and wall to wall carpets,
            in which dust mites thrive.1391

         
         Finally, we spend much more time indoors. We do not go out nearly as much as we used
            to, to pursue sports or take part in outdoor events. Instead, we spend our time playing
            computer games, watching TV and videos, what some researchers have called Indoor Entertainment
            Culture.1392 It is estimated that we now spend about 90 percent of our time indoors – 65 percent
            of this in our own homes.1393 This means that we are to an ever higher degree exposed to increasingly concentrated
            doses of allergens, which may be one of the main explanations for the large proportion
            of asthma cases.
         

         
         Unfortunately, asthma still has many unknown factors to it. A new explanation which
            is gaining momentum is the so-called “hygiene hypothesis.”1394 Basically it suggests that as we have stamped out all the major infectious diseases,
            using antibiotics and vaccinations, we have essentially left our immune system with
            nothing to do, lacking practice fighting bacteria and viruses. Popularly speaking,
            this leaves the immune system to run amok when encountering otherwise harmless microbes
            or substances. Many findings seem to support such an interpretation. Children who
            suffer many infections (and get their immune system exercised) apparently face a smaller
            risk of getting asthma. The youngest children in large families face a smaller risk
            of getting asthma because their older siblings have passed many infections on to them.1395 More direct confirmation for the hygiene hypothesis comes from a new Italian study.
            It showed that men heavily exposed to microbes were less likely to experience respiratory
            allergy.1396 Several other studies have also shown that exposure to measles, parasites and tuberculosis
            seems to reduce the risk of getting asthma.1397 Equally, it has been observed that children receiving oral antibiotics by the age
            of 2 were more susceptible to allergies than children who had no antibiotics.1398 A new British study shows that children with early and repeated viral infections
            seem to have a reduced risk of developing asthma.1399

         
         At the same time one can also see a connection between eating habits (e.g. fast food
            and salty food) and asthma, although it has not yet been determined whether it is
            a cause.1400 A connection can also be seen between premature babies and their later development
            of asthma, and the higher survival rate of premature babies may also be part of the
            explanation of a larger proportion of asthma cases.1401 Finally, obesity seems to give a predisposition to asthma, and as more and more people
            get overweight, that may also explain part of the asthma increase.1402

         
         This is why, as time goes by, many researchers agree that developing asthma is probably
            caused by a whole series of changes in our life-style.1403 The main thing to point out here, however, is that there is no reason to assume that
            it is due to a deterioration of our environment, but rather because we have sealed
            up our homes, spend more time indoors and have more soft objects around the home.
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         19    Water pollution

         
         About 71 percent of the Earth is covered by the salt water of the oceans. Lakes constitute
            scarcely half a percent of the surface of the Earth. Half of these are freshwater
            lakes, and the rivers in turn constitute only 0.2 percent of the area of freshwater
            lakes.1404

         
         Obviously, coastal waters, rivers and lakes are far more important to people than
            the oceans – primarily because we live much closer to them – but it still illustrates
            how enormous the oceans are in comparison to the bodies of water we are used to dealing
            with.1405

         
         Oil pollution in the oceans

         
         On the subject of ocean pollution, it is traditional to quote Thor Heyerdahl. In 1947
            he traversed the Pacific on his Kon Tiki expedition, without catching sight of people,
            ships or rubbish for weeks. On his second expedition in 1970, on the other hand, when
            he crossed the Atlantic with his boat the Ra II, he saw “far more oil lumps than fish.” Heyerdahl concluded: “It became clear to
            all of us that mankind really was in the process of polluting its most vital well-spring,
            our planet’s indispensable filtration plant, the ocean.”1406

         
         But the oceans are so incredibly big that our impact on them has been astoundingly
            insignificant – the oceans contain more than 1,000 billion billion liters of water.1407 The UN’s overall evaluation of the oceans concludes: “The open sea is still relatively
            clean. Low levels of lead, synthetic organic compounds and artificial radionuclides,
            though widely detectable, are biologically insignificant. Oil slicks and litter are
            common along sea lanes, but are, at present, a minor consequence to communities of
            organisms living in open-ocean waters.”1408 It actually turns out that the very lumps of oil that Heyerdahl was so worried about
            are now much fewer in number. It is estimated that in 1985 about 60 percent of the
            marine sources of oil pollution came from the routine tanker transport operation,
            while 20 percent came from regular oil spills of the kind we see on TV, and about
            15 percent come from natural oil seepage at the bottom of the sea and from sediment
            erosion.1409

         
         Routine oil pollution is due to the fact that tankers use sea water in their tanks
            as ballast when they sail without oil. This means that oil remnants get mixed into
            the ballast water, which on arrival gets flushed out into the harbor. Several international
            agreements have regulated and to a large degree reduced the extent of routine oil
            pollution, demanding by law new techniques for the handling of ballast water, e.g.
            exploiting the fact that water and oil separate (ensuring that only the bottom layer
            of water is poured out on arrival), removing the last remnants of oil in the tanks
            (by cleaning the tanks with oil instead of water), improving waste facilities in port,
            and finally demanding separate water ballast tanks.1410

         
         Natural oil spills originate from cracks in the bottom of the sea above oil reserves.
            It may come as a surprise, but mankind’s exploitation of oil has relieved the pressure
            on many of these oil pockets and presumably reduced the natural leak of oil.1411 However, neither of these two sources of oil pollution has been particularly well
            documented over time.
         

         
         
         
         We are well aware on the other hand, from international statistics, what has happened
            over time when it comes to accidental oil spills. Figure 102 shows both the number of major tanker accidents and the overall quantity of oil spilt.
            Well over 80 percent of the spilt oil originates from major accidents.1412 It is quite clear that the number of accidental spills has been reduced over time:
            whereas there were about 24 major accidents a year before 1980 there were about nine
            a year in the 1980s and just eight in the 1990s. Similarly, the quantity of oil spilt
            fell from about 318,000 tons a year in the 1970s to just 110,000 tons in the 1990s.1413 The same reduction in the quantity of oil spilt shows up for the US, as is clear
            in Figure 103. Here, the average annual oil spill was 14.3 million gallons in the 1970s, compared
            to just 2.6 million gallons in the 1990s.1414
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         Figure 102 Worldwide number of large oil spills (black line, more than 700 tons spilt) and total
            quantity of oil spilt (bars), 1970–99. The three largest spills (Atlantic Empress in 1979, Castillo de Bellver in 1983 and ABT Summer in 1991) are marked. Notice that the Exxon Valdez oil spill in 1989 was only the 20th worst oil spill, one-eighth of Atlantic Empress (see also text below). Source: ITOPF 2000.
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         Figure 103 Quantity of oil spilt in US waters, 1970–98. Source: CEQ 1993:421, USCG 1999.1416

         
         
         All the same, most tanker accidents occur close to land and the large spills affect
            the local fauna and flora. We are all familiar with the typical TV news scenario:
            oil-laden birds expiring before our eyes on the evening news, black-coated seals,
            the frantic cleanup efforts to avoid ecological catastrophe, and afterwards the massive
            bill.1415 Several reports are, however, beginning to question whether these efforts are worth
            the hefty price tag.
         

         
         A report carried out for the US Congress investigated two accidents on drilling rigs
            and four tanker accidents. It showed that although the marine animals affected were
            hard-hit to begin with, the “recovery of species populations in almost every case
            studied has been swift.”1417 Ecological and economic consequences have been “relatively modest, and, as far as
            can be determined, of relatively short duration.”1418

         
         
         
         The report points out that oil is a naturally occurring substance and, given a little
            time, most of the oil will evaporate, degrade biologically and chemically, or form
            relatively harmless lumps of tar.1419 This is also what has been found in follow-up analyses of the British oil spill from
            Braer in 1993, where the official monitoring program found that “by 1994 the [contamination]
            levels had fallen to those observed at sites remote from contamination.”1420 In connection with publication of the Congressional report, the esteemed publication
            Science asked several scientists for their opinion; because of the controversial nature of
            the problem at hand, they were not willing to have their names published, although
            they did agree with the main message of the report: that there is a good deal of overreaction
            in connection with oil spills and that the money spent cleaning up often could have
            been made better use of elsewhere.1421

         
         We find the same picture in two of the places to be hardest hit by oil pollution:
            the Arabian Gulf after the Gulf War and Prince William Sound after the Exxon Valdez
            accident.
         

         
         Oil in the Gulf

         
         During his retreat in the Gulf War in 1991, Saddam Hussein ordered a refinery in Kuwait
            to release between 6 and 8 million tons of oil into the Gulf, leaving it with the
            world’s biggest ever case of marine oil pollution.1422 In their 1992 Gulf report, Greenpeace claimed it to be “an unprecedented disaster”
            and described how “there has been considerable damage to the shallow coastal areas
            of Saudi Arabia and southern Kuwait … The flora and fauna in these areas are vital
            to the survival of the shallow Gulf ecosystem. Disruption at this fundamental level
            will have repercussions through the whole system that will be seen only after a period
            of time and possibly at some distance from the immediate areas.”1423 This “devastating blow wreaked on the environment will increase the impact on human
            life for a long time to come,” and yet the events are only indicators of the coming
            “long-term problems.”1424

         
         Other initial reports similarly suggested large-scale marine extinction and gave pessimistic
            prognoses of the future recovery of the Gulf.1425 Bahrain’s Health Minister claimed that the oil slicks were “the biggest environmental
            crisis in modern times,” and that it could spell “the potential end of wildlife in
            this area.”1426 Consequently, a task force of 70 marine scientists, together with the EU and the
            Saudi Arabian environment commission, carried out extensive studies in order to chart
            the damage and evaluate the situation.1427

         
         The mid-term report came in 1994 and was basically positive in its conclusions. Animal
            life in the sea itself was “in much better shape than even the most optimistic of
            pundits could have predicted.”1428 On the other hand, the coastal areas had been harder hit, but had now “largely recovered”.1429 The upper section of the tidal stretch had been very hard hit and there was still much less animal life than in other comparable areas. There was in
            general, however, “a trend towards recovery with species diversity and population
            densities increasing.”1430

         
         The same conclusion was reached by the IAEA marine biology laboratory in 1992, which
            had investigated the Gulf for traces of oil and found that in just four months “the
            spilt oil had to a high degree been degraded.” In addition they found when analyzing
            the water that it did not contain larger quantities of oil residues than on other
            coastal stretches in the US and the UK, and there was less than in the Baltic.1431 These findings have been replicated in later studies.1432

         
         The latest reviews ending in 1995 also showed firm biological recovery. While the
            lower-shore biota had suffered 15–80 percent diversity reduction and the upper-shore
            biota almost 100 percent reduction by the end of 1991, the lower shores were back
            to 100 percent and the upper shores back to 71–100 percent. The top shores were equally
            back to 83–100 percent of equal, unpolluted shores in 1995.1433

         
         Despite the fact that the oil pollution in the Gulf was the most extensive the world
            had ever seen and cost many animals their lives, it did not become the long-term ecological
            catastrophe people had feared and expected.
         

         
         Exxon Valdez: still a catastrophe?
         

         
         Four minutes past midnight on 24 March 1989, the oil tanker Exxon Valdez ran aground in Prince William Sound in Alaska with more than a million barrels of
            oil on board. The ship leaked a total of 266,000 barrels of oil, making the accident
            the twentieth most serious of its kind – an accident about 25 times smaller than the
            Gulf incident.1434 The accident has become the symbol of the big greedy company that without consideration
            for the environment triggers an ecological catastrophe. According to an American poll
            of young people, the Exxon Valdez “symbolizes their biggest worry – the livability of the planet.”1435 Ten years later most Americans still remember the Exxon Valdez name, and 66 percent believe that the beaches and waters are still polluted.1436

         
         Exxon has paid out about $3.5 billion in connection with the accident: $2.1 billion
            for the cleanup operation, about a billion for restoration, and a quarter of a billion
            to the local fishermen, while a 1994 class action suit awarding $5 billion dollars
            in punitive damages is still wrangling its way through appeals.1437

         
         Because of the large sum of money involved, both Exxon and the government authorities
            have carried out their own scientific investigations.1438 A so-called Trustee Council of civil servants administered $900 million for the restoration
            process.1439 Since they get $100 million more if they find more damage caused by the oil by 2006
            it is unlikely that their report would be the most optimistic one.1440 The Trustee Council’s 2000 annual report examined the losses and future prospects.
         

         
         The oil spill caused heavy oiling of some 200 miles of coastline and light oiling
            of some additional 1,100 miles of the 9,000 miles of total coastline in the spill
            region.1441 It is estimated that the oil spill cost the lives of 300 harbor seals, 2,800 sea
            otters, 250,000 sea birds, 250 bald eagles and possibly 22 killer whales.1442 While this is naturally an awful toll, we also need to put this death into perspective
            – the total 250,000 dead birds from the Exxon Valdez disaster is still less that the
            number of birds which die on a single day in the US, colliding with plate glass, or
            the number of birds that are killed by domestic cats in Britain in two days.1443

         
         The report also examines the status of the individual species, and it becomes obvious
            that ecological collapse is a long way off. The river otters have essentially recovered.1444 For the sea otters, “it is clear that recovery is underway.”1445 Some 13 percent of the harbor seals died as a result of the spill, and their decline
            in numbers, which began in 1973 – long before Exxon Valdez – has continued.1446 The bald eagle has “recovered.” A pod of 36 killer whales lost 13 members in the
            two years following the oil spill, and though the overall Gulf of Alaska population
            has increased since 1989, the Trustee Council has categorized the killer whales as
            “not recovering” since the pod has only been increased by two members since 1996 and
            since “it is expected to take many years for natural reproduction to make up for those
            losses.”1447

         
         Pacific herring stocks remained strong until 1992, after which they collapsed. This
            led to intense charges that the collapse was the result of the oil spill.1448 Today we know that it was caused by a virus and a fungal infection. This, however,
            may have been because the fish were weakened by stress, which in turn could have links
            with the Exxon Valdez.1449

         
         Several other species were also examined, that are doing better or worse, but the
            general impression is that not much damage has been done. The report refrains from
            reaching any conclusion, but Scientific American interviewed several of the scientists from the Trustee Council about the restoration
            process. Ernie Piper of the Alaskan environment department said: “In terms of the
            ecology, that, in many ways, it appears to me, is a lot more resilient than we deserve.
            At the same time, there are lots of effects from the spill and the cleanup that are
            not going to go away.” The Trustee fund’s senior scientist, Robert Spies, says: “I
            think it is an improved picture. But it is still variable, depending on what resource
            you are talking about.”1450

         
         The US National Oceanic and Atmospheric Administration (NOAA), which has been deeply
            involved in the cleanup effort, made a ten-year summary, asking themselves whether
            the Prince William Sound had in fact recovered: “That answer is a definite, ‘Yes and
            no.’ On the one hand … our work in the field, laboratory, and on the frontlines of
            statistical theory indicate that, yes, by many criteria, a number of the intertidal
            communities we study can be considered recovered. Does that mean all traces of the
            largest spill in U.S. history are gone and the Sound is recovered? No, not necessarily.”
            Yet, they are “impressed by the degree to which Prince William Sound has rebounded
            from the spill and its aftermath,” and conclude that “we consider Prince William Sound
            to be well along the road to recovery – but not yet recovered.”1451

         
         Other scientists do not beat about the bush so much. John Wiens of Colorado State
            University says that it is “apparent that sea-bird populations were not devastated
            by the spill” and that “it now appears that the spill had few persistent or devastating
            long-term effects on seabirds.”1452 Edward Gilfillan, who carried out the large-scale scientific investigation for Exxon,
            says that as early as “1990 between 73 and 91 percent of the area had recovered.”1453

         
         Perhaps the clearest statement from the Trustee Council came in 1999, when the executive
            director, Molly McCammon, stated: “The ecosystem is well on its way to recovery, but
            the long-term impacts on individual populations may take decades to fully heal.”1454

         
         Perhaps more surprising, official NOAA investigations have shown that the original
            cleanup has probably done more harm than good. It is estimated that about 20 percent
            of the original oil evaporated, 50 percent was broken down, 12 percent is lying in
            lumps on the bottom and about 3 percent is still on the beaches in non-toxic lumps.1455 In addition, 8 percent was removed from the surface of the water and 6 percent from
            the beaches. Pressure-washing the coast, however, killed much of the marine life.
            By way of experiment, some stretches of beach were left uncleaned, and it transpired
            that life there returned after just 18 months, whereas it did not do so to the cleaned
            beaches for three to four years.1456 The oil experts had said this would be the case time and time again during the first
            few months of the cleanup – but in vain, as this did not harmonize with the public
            view of things, i.e. that a cleanup had to be better for the animals.1457 As Scientific American wrote, “the public wants the animals saved – at $80,000 per otter and $10,000 per
            eagle – even if the stress of their salvation kills them.”1458

         
         The conclusion is that although the immediate biological loss in Alaska was high,
            it was roughly the equivalent of one day of plate glass death to birds in the US or
            two days of domestic cat kill in Britain. Another thought-provoking comparison is
            that the overall pollution was less than 2 percent of pollution caused by powerboats
            in the US every year.1459 And finally, that all actors agree that the sound has almost fully recovered or will
            do so within decades.
         

         
         The price of the cleanup totaled more than $2 billion, and it probably did more to
            harm the natural environment than it did to repair it. Just a few years after the
            accident most of the area was teeming with life once again. Or as Jesse Walker puts
            it in Reason: “To the extent that the sound has recovered, it has done so almost entirely through
            natural processes; the human cleanup has been a money pit and little else.”1460

         
         This does not of course mean that the oil spill was not a very unfortunate accident,
            but it does emphasize the question which Congress also put: could we not have put
            the $2.1 billion to better use?
         

         
         Pollution in coastal waters

         
         As far as people are concerned, one of the most relevant indicators of quality when
            it comes to sea water is how much of a health risk it is. Water contaminated with
            bacteria, viruses, protozoans, fungi and parasites can cause ear or skin infections
            on contact, and inhalation of contaminated water can cause respiratory diseases.1461 These pathogens typically live in the intestines of warm-blooded animals and are
            shed in their feces.
         

         
         Since it is often extraordinarily difficult to analyze the presence of the many possible
            pathogens, most regulations use concentrations of easily analyzed fecal bacteria (including
            fecal coliform, enterococci and Eschericha coli) as indicators of contaminated water. Earlier, contaminated water most often came
            from unregulated sewers, whereas today, with well-regulated sewage treatment, most
            contamination happens because of sewage overflows and polluted stormwater runoff.1463

         
         
         Generally, the sea water picture is one of rapid improvement (Figure 104). In 1987 the UK had 30 percent polluted beaches, whereas in 2000 the share was down
            to just 5 percent. For Denmark, 14 percent of all beaches violated the health standards
            in 1980, whereas in 1999 the share was down to just 1.3 percent. For the European
            Union on average, the share has fallen even faster – in 1992 more than 21 percent
            of all European beaches were polluted, whereas in 1999 only 5 percent were polluted.
            For humans this means that it is now safe to bathe from most beaches in the UK, Denmark and most other countries in the Community.
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         Figure 104 Percentage of beaches not complying with local or EU regulations for the UK (1980–2000),
            Denmark (1980–99) and an average of the EU (1992–9). The UK changed the number of
            surveyed beaches dramatically from 1986 (27 beaches) to 1987 (360–463 beaches), effectively
            making a new index. The Danish index is only based on fecal coliform (and thus lower),
            whereas the UK and the EU average is based on the EU bathing water directive (measuring
            also enteroviruses and salmonellae, EU 1975). Source: UK EA 2000, EU 2000b, DK EPA
            1994:66, 1996b:67, 1997b:67, 1999, 2000.1462

         
         
         Similar figures for beach pollution are unfortunately not available for the US, since
            measuring standards are set locally.1464 The National Resources Defense Council has since 1988 asked an ever increasing number
            of states for the number of beach closings. The number has increased from 484 in 1988
            to 7,236 in 1998.1465 This has been taken by many as an indication that ever more beaches have been polluted,
            e.g. the Council of Environmental Quality.1466 However, the data do not warrant such a conclusion, since the National Resources
            Defense Council have asked ever more states for data – seven in 1988 and 23 in 1998
            – and since monitoring and closings are locally decided and inconsistently practiced
            over time.1467 This is also pointed out by the National Resources Defense Council in their caution:
            “It is impossible to make direct comparisons between states or to assess trends over
            time based on this closure data.”1468

         
         At the same time, the sea is also a source of food, primarily fish and shellfish.
            We have already discussed the issue of fishing, but the quality of marine produce
            is also vital. Figure 105 shows how concentrations of harmful substances such as DDT, PCB, dieldrin and cadmium
            have fallen drastically in coastal seas. In Denmark this has resulted in declines
            of DDT and PCB in saltwater fish of more than 90 percent since 1973. The UK, unfortunately,
            has only just embarked on a project to establish long-term pollution trends, and these
            are only expected to be ready in 2002.1469 Analysis of shorter series of DDT and PCB in UK cod liver show similar trends to
            the Danish ones.1470

         
         The US has through its Mussel Watch Project tried to assess marine environmental quality.1471 It makes sense to measure pollutants in mollusks because they are stationary and
            easy to collect and their pollutant concentrations are proportional with the ambient
            concentrations.1472 Unfortunately, this program has only been functional since 1986. Nevertheless, we
            see large decreases over the past nine years: 28 percent for cadmium, 36 percent DDT,
            48 percent polychlorinated biphenyl (PCB), 56 percent dieldrin, 62 percent polycyclic
            aromatic hydrocarbons (PAH) and 86 percent butyl tin. The latest US State of the Coastal Environment concludes that most pollutant concentrations are decreasing and none is increasing.1473
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         Figure 105 Concentrations of coastal pollutants in fish and shellfish, index for Denmark (1973–92)
            and the US (1986–95). The Danish data document the average concentrations of DDT and
            PCB in cod liver (1973=100 percent), the US data shows the median concentrations of
            DDT, PCB, dieldrin, PAH (1986=100 percent), butyl tin (1988=100 percent) and cadmium
            (1989=100 percent) in mussels. Source: DK VFA 1994:78, NOAA 1998.
         

         
         Suffocation in coastal waters

         
         Of course, coastal waters are also the habitat for large populations of flora and
            fauna, and the welfare of these organisms might also be worth considering on its own.
            Here we are not thinking in terms of marine life for protein, or water for human amusement, but we are deliberately considering the welfare of plants
            and animals for themselves or our appreciation of their immediate luxury value – the
            effect of their “simply being there.”
         

         
         The most conspicuous problem is oxygen depletion – so-called hypoxia – and algae blooms
            that have been occurring in many parts of the world. They have appeared from New York
            State’s Long Island Sound, California’s San Francisco Bay and the Gulf of Mexico off
            Louisiana, to the Baltic Sea, the Black Sea and the coast of Queensland, Australia.1474 Apparently, excessive amounts of nutrients run off farmland and into estuaries and
            bays, allowing algae to flourish, thus causing oxygen depletion as they decay, a condition
            referred to by biologists as eutrophication.1475 This condition was described as the UN’s main worry about coasts in the world:1476

         
         The rate of introduction of nutrients, chiefly nitrates but sometimes also phosphates,
            is increasing, and areas of eutrophication are expanding, along with enhanced frequency
            and scale of unusual plankton blooms and excessive seaweed growth. Two major sources
            of nutrients to coastal waters are sewage disposal and agricultural run-off from fertilizer-treated
            fields and from intensive stock raising.1477

         
         The problem is often stated to be growing “exponentially”1478 and was touted – somewhat incredibly – in the UN Global Environment Outlook 2000 as a problem on a par with global warming.1479 Thus, while there certainly is a nitrogen problem, it is important to get a feel
            for its magnitude and importance. This will require a brief detour around the global
            nitrogen cycle, blue babies and some of nitrogen’s other consequences.
         

         
         Nitrogen is crucially important to life, as it comprises 16 percent of protein, and
            is a vital component in DNA, enzymes and plant chlorophyll.1480 Although nitrogen is abundant in the air, N2 comprising 78 percent, its atmospheric form is unexploitable for plants. They are
            instead almost exclusively dependent on bacteria that can fix nitrogen in a way that
            is chemically accessible.1481 Since this is a rather slow process that has to replace the nitrogen removed by each
            harvest, nitrogen effectively sets a strict upper limit to yields and thus to food
            production.1482

         
         In the 1800s, European imports of Chilean nitrate and Peruvian guano lifted this production
            limit slightly. However, it was only when the German Fritz Haber in 1908 synthesized
            ammonia and Karl Borch in 1914 completed the industrial production process, that it
            became possible to apply nitrogen fertilizer and increase yields dramatically.1483 As technical innovation cut electricity requirements by 90 percent,1484 cheap fertilizer cleared the path for the Green Revolution. The consequence was a
            sevenfold increase in fertilizer use from 1960 to 1998, as is evident in Figure 106.
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         Figure 106 Global fertilizer use 1920–99, and growth in fertilizer use for the US, Western Europe
            and developing countries 1961–99.1488 Source: Smil 1990:426, IFA 2000.
         

         
         
         
         However, it is also important to notice that fertilizer use has not continued to grow
            exponentially, as feared – the growth rates for the US and Western Europe document
            how total fertilizer consumption has plateaued, as is typical for mature technologies.1485 And for the developing countries, which still have an expanding population to feed,
            the growth rate is still positive but has been declining, from 15 percent to just
            5 percent a year.
         

         
         Besides fertilizer, increased biomass production (fields now being sown with soybeans,
            peas, alfalfa, and other leguminous crops that fix much more nitrogen from the atmosphere
            than the previous vegetation) and the use of fossil fuels also add to the load on
            the nitrogen cycle. Fertilizer makes up the main part (about 57 percent) of the extra
            nitrogen release, increased biomass some 29 percent and fossil fuels the remaining
            14 percent.1486 In all, this nitrogen release is of approximately the same magnitude as the natural
            nitrogen fixation, thus effectively doubling the globally available nitrogen.1487

         
         Synthetic fertilizer has allowed a vast increase in food production, and this was
            the reasoning of the Swedish Academy of Sciences when they awarded the Nobel Prize
            for Chemistry to Fritz Haber in 1919. They argued that Haber had created “an exceedingly
            important means of improving the standards of agriculture and the well-being of man-kind.”1489

         
         
         
         Today, it is estimated that 40 percent of all crop nitrogen comes from synthetic fertilizer,
            and about one-third of human protein consumption depends on synthetic fertilizer.1490 Moreover, fertilizer allows us to produce more food on less farmland. This is one
            of the reasons why the global population could double from 1960 to 2000 and get better fed, although farmland area only increased 12 percent.1491

         
         This should be compared with the quadrupling of farmland from 1700 to 1960 which of
            course came from the conversion of large tracts of forests and grasslands.1492 Essentially, the extraordinary increase in fertilizer availability from 1960 onwards
            has made it possible to avoid a dramatic increase in human pressure on other natural
            habitats. Had fertilizer use remained at the 1960 level, we would need at least 50
            percent more farmland than the present-day use1493 – the equivalent of converting almost a quarter of the global forests.1494 Over the coming decades to 2070, were we to forsake fertilizer, the need for farmland
            to feed 10 billion people better would place ever higher demands on the globe – one
            study puts the farmland requirement at an impossible 210 percent of the land surface
            area.1495 Thus, synthetic fertilizer has been and especially will be crucially important in
            feeding the world while leaving sufficient space for other species. However, the doubling
            of globally available nitrogen has also caused problems.
         

         
         The most frequently cited nitrogen problem is the above-mentioned problem of oxygen
            depletion and eutrophication, and this problem is entirely real. In 1997, EPA formed
            a task force to investigate the causes and consequences of the hypoxia and to indicate
            possible actions. Led by NOAA and the White House Office of Science and Technology
            Policy, many academic, federal and state scientists have completed the Hypoxia Assessment – a weighty, six-volume assessment plus an integrated summary.1496 Much of the following discussion comes from these volumes.
         

         
         Around the world many areas of low oxygen or hypoxia have been identified.1497 This naturally affects the local benthic and demersal communities. As oxygen levels
            fall, the organisms capable of swimming leave the area (fish, crabs and shrimp), whereas
            the ones left over are severely stressed or die.1498 Low-oxygen waters have occurred throughout time, but their frequency seems to have
            increased over the past 50–100 years.1499 The likely cause is eutrophication – the increased discharge of nitrogen from human
            activities.1500

         
         The largest single zone of low-oxygen coastal waters around the United States, and
            indeed in the entire western Atlantic Ocean, is the northern Gulf of Mexico off Louisiana.1501 Since measurements began in 1985, almost every summer has seen an area of about 10,000
            km2 – the size of New Jersey – turn hypoxic.1502 Although systematic measurements do not exist for before 1985 and there are even
            fewer observations from the early 1970s, the data seem to suggest that some degree
            of oxygen depletion has been present throughout the century.1503 However, when looking at a large number of oxygen indicators from sediment samples,
            it also seems reasonable to assume that hypoxia has increased, especially since 1950.1504

         
         The consequence of oxygen depletion is obviously that some or all of the bottom-dwelling
            organisms die.1505 This also causes a shift in species composition away from large, long-lived organisms
            to small and short-cycled ones – since there is an increased risk of dying, you had
            better get your business done while there is still oxygen.1506 This also means a shift towards more microbes, fewer invertebrates and often a decreased
            species diversity.1507 However, since shrimp feed heavily on shortlived species, they may actually benefit
            from a shift to smaller, fast-cycled organisms.
         

         
         
         Most important to humans, it turned out that there is apparently no connection between
            fish and shrimp landings and oxygen depletion.1508 Moreover, the Hypoxia Assessment was not able to determine whether the total biomass had increased (because of the
            nutrient increase) or decreased (because of seasonal kill-off).1509 Actually, the report notes indications that to a certain extent increased nutrients
            may increase fishery stocks.1510

         
         Figure 107 shows the typical contribution of nitrogen in the watersheds of the US.1511 The largest contribution of 28 percent comes from runoffs from non-agricultural lands,
            such as wetlands and urban, forested and barren lands. Fertilizer contributes about
            22 percent to the total nitrogen load, and animal agriculture another 14 percent.
            Atmospheric deposition adds 16 percent, whereas point sources such as municipal sewage
            treatment plants generally contribute a mere 0.8 percent.1512 However, the distribution is highly regionally dependent, and when looking at the
            Gulf of Mexico, it turns out that atmospheric deposition is slight and the nutrient enrichment
            comes primarily from the Mississippi river system.1513 Here fertilizer contributes about 50 percent of the total nitrogen load, other basin
            runoff contributes 23 percent, animal farming 15 percent and point sources some 11
            per-cent.1514 Thus, the major part of the eutrophication is caused by fertilizer from agriculture.1515
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         Figure 107 The in-stream contribution of nitrogen from various sources in the coterminous US,
            median value. Note, these values vary considerably from region to region. Since they
            are median values they do not sum to 100 percent. Source: Smith and Alexander 2000:7.
         

         
         
         If nothing is done to reduce the nitrogen load, it is expected that the present situation
            in the Gulf of Mexico will continue.1516 Since fertilizer application and other nitrogen sources seem to have plateaued from
            1980, it is to be expected that the present level of oxygen depletion will continue
            unabated. In order to restore the Gulf of Mexico to its pre-1950 level of nitrogen
            load, it is necessary to reduce the nitrogen flow by 40 percent.1517 This will not mean no more hypoxia in the Gulf, because, as we saw, occasional oxygen
            depletion is natural, but it would make hypoxia markedly more infrequent. Models show
            that less ambitious reductions of 20 percent would make less impact but still improve
            oxygen levels by about 15–50 percent, thus reducing hypoxia but not to the natural
            background level.1518

         
         
         The Hypoxia Assessment identifies two main options to reduce the nitrogen load. First, fertilizer usage on
            agricultural lands could be reduced, both by a general reduction and through better
            fertilizer application and management, alternative crops and wider spacing of drains.1519 Second, the creation of riparian zones and wetlands would diminish the nitrogen load,
            because when water and nitrogen compounds flow through these areas, several microbiological
            processes turn significant amounts of the compounds back into N2, effectively making it unavailable for further plant use.1520

         
         However, if we wish to reduce the nitrogen load 20 percent it is not enough to cut
            20 percent of fertilizer use. A 20 percent cut will induce farmers to farm differently
            – to shift to crops using less fertilizer and to grow more nitrogen-fixing legume
            crops. Thus, a cut of 20 percent will only lead to a nitrogen load reduction of 10.3
            percent.1521 Actually, an effective 20 percent reduction needs a 45 percent cut in fertilizer
            use.1522 This will give price rises of 28 percent on corn and 12–14 percent on barley, oats
            and wheat.1523 At the same time, these price increases will make farmers elsewhere in the US produce
            more, thus increasing nitrogen leaching in those regions by 7.6 percent. Moreover,
            it turns out that soil erosion will increase both within and outside the Mississippi
            basin.1524 The total cost, mainly paid by the US consumer through higher food prices, will be
            about $2.9 billion each year.
         

         
         The Hypoxia Assessment also looks at a so-called mixed policy, with a 20 percent fertilizer reduction and
            5 million acres of wet-land.1525 This solution will cut the effective nitrogen load by about 20 percent.1526 However, it will also lead to higher food prices, from 4–10 percent, while causing
            a slight increase in the nitrogen load elsewhere and in erosion everywhere.1527 The main problem is the annual cost of $4.8 billion, both from higher food prices
            and from the cost of wetlands.1528 The Hypoxia Assessment estimates that the fivefold increase in the Wetland Reserve Program will confer additional
            benefits on the population in the Mississippi basin through recreational fishing and
            knowing-it-is-there value of $2.8 billion annually.1529 Summing up, this means that the mixed policy of a 20 percent reduction plus 5 million
            acres of wetlands comes with a slightly cheaper annual price tag of $2 billion.
         

         
         The question is, then, what we get for the proposed annual expenditure of $2–2.8 billion.
            Of course it cuts the nitrogen load by about 20 percent, meaning that the returning
            hypoxia in the Gulf will ease though not subside to natural levels.1530 It is concluded that it will make no noticeable difference to fisheries: “The direct
            benefits to Gulf fisheries of reducing nitrogen loads from the Mississippi River basin
            are very limited at best.”1531 Two other benefits remain.1532 First, it is possible that less hypoxia would increase the opportunities for recreational
            fishing in the Gulf itself. However, this seems unlikely, given the lack of effect
            on commercial fisheries. Second, we have the knowing-it-is-there benefit of less vulnerable
            marine bottom organisms for the coast off Louisiana. In effect, the cost of saving
            these organisms is a little more than $2 billion a year, as is indicated in Figure 108. The obvious, democratic question when considering whether or not to act on the hypoxia
            in the Gulf of Mexico is whether one can imagine spending the $2 billion better elsewhere.
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         Figure 108 The cost and benefit and net benefit (negative) of the mixed policy option to reduce
            the nitrogen load in the Gulf of Mexico. Source: Doering et al. 1999:133.
         

         
         Of course, we are accustomed to thinking that if there is something wrong, for instance
            when our usage of fertilizer leaves millions or billions of organisms dead in the
            Gulf, we should do something about it. And this is an honorable attitude. However,
            we must also remind ourselves that there are a large number of issues where our acts
            affects others and decisive action could help – and we should consider where we can
            do the most good, because we cannot do it all.
         

         
         Yes, a lot of organisms die prematurely each year in the Gulf, and they will continue
            to die prematurely if we do not reduce the nitrogen load. The question is whether
            saving them is worth $2 billion annually. In the end, such a question relies on a
            political prioritization, but to give a sense of magnitude, it is perhaps worth pointing
            out that premature death also follows from other human endeavors which we would hardly
            be willing to change. An estimated 100 million birds die annually in the US colliding
            with plate glass and 60 million birds die in US traffic each year.1533 Likewise billions of insects are deliberately killed each year in fields by pesticides.
            But do we want to spend $2 billion to save birds from plate glass and traffic or prohibit
            the killing of pests? Finally, if we want to do good with our $2 billion, we might
            consider that we could save about 30 million people each year in the Third World for
            the same amount.1534

         
         Moreover, why is it that we worry about the organisms that die each year because of
            enhanced levels of nutrients without considering all the other organisms of at least
            equal biomass that live precisely because of these nutrients? When Scientific American described the eutrophication of the Gulf of Mexico they inadvertently underscored
            this problem: “Environmentalists have dubbed the region the ‘dead zone,’ a label that
            overlooks the fact that life is certainly present – but life of the wrong sort.”1535 Why are some living beings “of the wrong sort”? Likewise UNEP worries about “excessive
            plant growth.”1536 Such worries run somewhat counter to the other basic concern for reduced biomass,
            as discussed on pp. 99–100.
         

         
         Nevertheless, the Hypoxia Assessment shows that we can solve eutrophication if we choose to use our resources to do so.
            The basic question is whether this is a good use of resources.
         

         
         Summing up, there is good evidence that oxygen depletion in shallow coastal waters
            is caused by increased agricultural fertilization, and it is likely that this condition has increased around the world. It is also likely
            that since population will almost double before 2200, fertilizer use will increase
            further. One study expects an increase of almost 70 percent, mainly in the developing
            countries, by 2030.1537 This probably means more, and more pervasive eutrophication.
         

         
         However, while it is right to be concerned, we must also maintain a sense of proportion.
            While fertilizer and consequent eutrophication costs the lives of certain organisms
            in local marine habitats (and provides life to others), it has also made it possible
            to grow much more food on the same agricultural land. This has saved about 25 percent
            of today’s forests and will save much more in the future. In this respect, eutrophication
            is the price we let some marine organisms pay for our success in feeding humanity,
            while maintaining large, forested habitats.1538

         
         Of course, to a certain extent we can use our fertilizer better and in the developed
            part of the world pay our way to avoid eutrophication, but we also need to ask whether
            this is the best allocation of our scarce resources.
         

         
         Health effects from fertilizer

         
         Apart from eutrophication, there are a number of other concerns connected to the nitrogen
            cycle.
         

         
         The two global nitrogen problems are nitrous oxide (N2O) contributing to global warming and ozone depletion, which we will look at in chapter 24.1539 However, N2O’s contribution to global warming is only about one-tenth that of CO2, and the latest nitrogen review concluded that “both fossil fuel burning and the
            direct impact of agricultural fertilization have been considered and rejected as the
            major source” of N2O.1540

         
         Of regional and local problems, nitrogen oxides (NOx) act as local air pollutants, but as we have seen, this problem is diminishing. NOxs also contribute to acid deposition, which has been declining, though mainly because
            of sharply reduced SO2 emissions, as discussed in the chapter on acid rain.1541

         
         Finally, the major nitrogen worry besides eutrophication is the claim that nitrate
            in drinking water can be a health threat. This has been the motivation behind setting
            binding nitrate levels, in the EU since 1980 at 50 mg/l and in the US at a lower level
            of 44 mg/l.1542

         
         In the 1980s nitrates in the groundwater came very much into focus.1543 The Danish environment minister, Christian Christensen, stated flatly that nitrate
            pollution had serious consequences because:
         

         
         a clear relationship has been established between stomach cancer and high levels of
            nitrates in drinking water. And many infants are in direct danger because they get
            much of their water from their food. This can result in slow asphyxiation because
            excessive nitrate inhibits the blood’s absorption of oxygen. Internal organs can also
            break down so that the children become ill or have difficulty concentrating. For this
            reason I do not dare to drink nitrate-polluted water and I will not allow my child
            to do so either.1544

         
         Although such scare-stories were widely repeated, they were very far from a reasonable
            assessment of the facts, even at the time when they were put forth.
         

         
         Most of the nitrates we consume come from vegetables, especially beets, celery, lettuce
            and spinach, which can give us between 75 and 100 mg of nitrates a day – vegetarians
            get more than 250 mg.1545 The main reason why nitrate is dangerous is that it can be converted by bacteria
            into nitrite which then oxidizes the blood’s hemoglobin, impeding the transport of
            oxygen.1546 This oxidation is called methemoglobinemia. Nitrates are, however, generally harmless
            because the offending bacteria are killed when they reach the stomach acid. Infants
            under six months are at risk, though, because their stomach acid is weaker and because
            they do not possess the enzyme system to reverse the oxidation of hemoglobin. Drastic reduction of oxygenation is known as cyanosis and turns the skin blue, thus
            the name “blue baby” syndrome. At worst this can lead to death, although this has
            not happened in Western Europe in recent times.1547 Incidence of “blue baby” syndrome is limited to a few places such as Hungary, Slovakia,
            Romania and Albania and at very low rates.1548 Moreover, clinical observations seem to suggest that the main cause of methemoglobinemia
            is poor hygiene in infant feeding bottles, allowing bacteria to build up dangerous
            levels of nitrite prior to intake.1549 This is backed up by several experiments involving infants that have shown that as
            long as the water is clean, cyanosis does not occur even when the nitrate concentration
            is as high as 150 mg/l.1550

         
         On the other hand, water with a high content of bacteria helps to break down the nitrate
            and some infants have got cyanosis from drinking water contaminated with between 50
            and 100 mg/l. For this reason the WHO has set the global limit value for nitrates
            at 50 mg/l, precisely because it has the desired effect in the developing world where
            the groundwater is often contaminated by bacteria. But as is pointed out by Poul Bonnevie,
            a former professor of environmental medicine, who helped set the WHO’s nitrate limit,
            bacteria pollution was the only reason for setting such a low limit value. In actual
            fact “the limit value has lost its medical basis in many countries, including [Denmark].”1551

         
         The other human health worry is that higher nitrate levels could be correlated with
            higher incidences of cancer, typically of the stomach. The latest meta-study points
            out that despite a clear connection between nitrate in water and nitrate in blood
            and saliva, and despite “extensive population exposure, there is little direct epidemiologic
            evidence of elevated risk among human populations exposed to nitrate in drinking water.”1552 The study concludes that “the epidemiologic data are not yet sufficient to draw a
            conclusion.”1553

         
         No other effects from nitrate have been found, and particularly no indications that
            nitrates should be able to “cause organs to break down” as stated by the Danish environmental
            minister.1554 Moreover, the case for methemoglobinemia and cancer is at best very weak.1555

         
         
         Consequently, the concern over nitrogen health effects seems ill-founded.

         
         Pollution in rivers

         
         From a global point of view, rivers are important because they are major suppliers
            of water for drinking, personal hygiene purposes, industry and agriculture.1556 In as far as water is used to drink, it is absolutely vital that it does not contain
            too many coli bacteria, because this would indicate the presence of other, more serious
            bacteria and viruses.
         

         
         Using data from 52 rivers in 25 countries, the World Bank has demonstrated a more
            complex correlation between income and fecal coliform bacteria, as can be seen in
            Figure 109. Not surprisingly, and just as with air pollution, fecal pollution first gets worse
            up to an income of about $1,375, after which rivers get cleaner. However, unlike the
            air pollution curves, data seem to indicate that when income exceeds $11,500, the
            fecal pollution starts to increase again. Apparently, this is not due to problems with data, because
            rivers in Australia, Japan and the US all have fairly high coliform pollution levels.1557 The explanation seems to be that we see a general downwards trend in fecal pollution
            so long as people are dependent on river water. However, when countries get rich enough they use groundwater to a much greater extent,
            which diminishes the urgency and political inclination to push for ever lower fecal
            pollution levels. Nevertheless, for the large majority of countries that depend on
            rivers for drinking water the conclusion remains: at the outset richer means more
            polluted rivers, but beyond a fairly low level, richer actually implies less fecal
            pollution in the rivers.
         

         
         
         [image: ]

         
         Figure 109 Fecal coliform bacteria in rivers for different levels of per capita income, in 1979
            and 1986. Source: World Bank 1992, Shafik 1994:764.
         

         
         
         Biologically speaking, however, the level of oxygen is a much more important measure
            of water quality than fecal coliform. Dissolved oxygen is absolutely essential for
            the survival of all aquatic organisms – not only fish but also invertebrates such
            as crabs, clams, zoo-plankton, etc. Moreover, oxygen affects a vast number of other
            water indicators, not only biochemical but esthetic ones like odor, clarity and taste.
            Consequently, oxygen is perhaps the most well-established indicator of water quality.1558

         
         Economic analyses seem to indicate that higher levels of income tend to improve oxygen
            levels.1559 This is also the overall picture in Figure 110. Here we see how oxygen levels for some of the major rivers have returned to their
            previous high levels after decades of low levels. This has consequences for both marine
            organisms and humans. The increased oxygen levels in these rivers have improved the
            possibilities of life – in the Rhine, the biodiversity has increased sixfold since
            1971, and for the Thames, the number of fish species has increased a phenomenal 20-fold
            since 1964.1560 Equally, the improved oxygen levels in New York Harbor have made fishing and bathing
            possible again.1561 From levels in the early 1970s when fish could not survive, New York Harbor has witnessed
            record numbers of shortnose sturgeon and the reestablishment of peregrine falcons,
            herons, egrets, and possibly the first productive bald eagles.1563 The improvements have taken place because untreated river discharges have been curtailed.
            In New York, untreated sewage has been cut by 99.9 percent since 1930, and in London,
            total discharges have been cut by 88 percent from 1950 to 1980.1564
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         Figure 110 Oxygen levels in the Thames (1890–1974, right axis), the Rhine (1945–97, left axis),
            and New York Harbor (1910–97, left axis). Note that the oxygen content cannot be directly
            compared between the rivers, since many other factors determine the natural level
            of oxygen. Source: Goudie 1993:224, EEA 1994:49, OECD 1999:85, DEP 1997:38.1562

         
         The picture of improved water quality is also confirmed if we look at the European
            oxygen levels. Here, rivers have been exposed to ever increasing pollution since World
            War II, and this has resulted in severe oxygen depletion as in the Rhine. However,
            within the last 15–20 years, biological treatment of domestic and industrial wastewaters
            has increased, such that the EEA finds Europe-wide general “improvement in oxygen
            conditions and river quality,” with the result that “many rivers are now well oxygenated.”1565 For Europe’s rivers, an EEA summary of the organic pollution that uses up oxygen
            (leaving less for aquatic organisms) showed deterioration in 27 percent of all rivers
            (more pollution leaving less oxygen) but improvement in the vast majority of 73 percent.1566
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         Figure 111 Porportion of low-quality UK and US rivers. For the UK, proportion of poor/bad rivers
            (1970-97). For the US, proportion of rivers violating EPA standards, fecal coliform
            (1973-95, right axis), and oxygen, phosphorus, cadmium and lead (1975-95). Source:
            UK EA 2000, CEQ 1997:299, Simon 1996:251.
         

         
         If we look at the larger picture for river quality in the UK and the US, we also see
            a general improvement. In the UK, different and ever more objective systems have been
            devised by the National Water Council and the National Rivers Authority to classify
            the nation’s rivers as good, fair, poor or bad.1567 Although the quality classification has changed four times since 1970, the fraction
            of poor and bad rivers is broadly comparable across the changes as depicted in Figure 111. The overall result is that fewer rivers are of low quality – from a little more
            than 16 percent in 1970, the fraction of poor and bad rivers is down to 10 percent
            in 1997. The worst rivers (“bad”) have decreased even faster over the past decade,
            from 2.6 percent to just 0.7 percent. Equally, the share of good and very good rivers
            has increased from 37 percent in 1989 to 59.2 percent in 1997 – a remarkable increase
            in less than a decade. Moreover, the very best rivers (with the label “very good”)
            have almost doubled from 17.7 percent to 27.6 percent. In the sparse conclusion of
            a recent government report: “Water quality in the United Kingdom has improved.”1568

         
         The same picture is evident for the US. The latest report on national river quality
            from USGS covering the 1980s concluded that several of the traditional water pollutants
            “decreased during the 1980’s and, collectively, provide evidence of progress in pollution
            control during the decade.”1569 Looking at violation rates, we see only a slight downward trend – if any – in fecal
            coliform bacteria. This supports the conclusion from Figure 109, that rich countries not dependent on rivers for drinking water are not particularly
            motivated to decrease the coliform level. However, the other indicators – oxygen,
            phosphorus, cadmium and lead – all show substantial reductions in the rate of violation,
            clearly indicating an improving river quality for aquatic organisms.1570

         
         Until now, we have only looked at typical pollution indicators, such as coliforms
            and oxygen. But equally important, we may want to look at the aquatic levels of chemical
            pollution. Here we see the same pattern as in the coastal areas. In the US, a National
            Contaminant Biomonitoring Program has examined the presence of long-lived toxic contaminants
            in the aquatic environment through analysis of fish. Fish were selected because they
            tend to accumulate pesticides and the European starling was chosen because of its
            varied diet and wide geographic distribution.1571 Figure 112 shows how the US national contamination of DDE (a break-down product of DDT) dropped
            82 percent from 1969 to 1986, and over the same period, PCBs fell 83 percent.1572
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         Figure 112 Levels of persistent pollutants in US freshwater fish (1969–86) and in the US/Canada
            Great Lakes herring gull eggs (1974–96), as indexed from first year. Source: NCBP
            2000, CEQ 1997:334–8.1573

         
         Figure 112 also shows chemical pollution for the US/Canada Great Lakes. These lakes make up
            20 percent of all the fresh surface water on Earth, with an American/Canadian surrounding
            population of more than 32 million.1574 Here, measurements are made on herring gull eggs as convenient markers for other,
            low-level pollution.1575 Again, we see the same picture – a dramatic decline of 80–90 percent since 1974 of
            both DDE, PCBs, HCB and dieldrin.1576

         
         Summing up, rivers probably experience better water quality as income increases. Certainly,
            we have seen dramatic increases in the oxygen levels of the Rhine, the Thames and
            New York Harbor. This tendency towards improved oxygen levels has also been confirmed
            when analyzing more than 200 European rivers. Moreover, general quality measures for
            both the UK and the US show better river water quality. Persistent pollutants in fresh
            waters have been decreasing dramatically. When measured nationally through fish in
            the US or through herring gull eggs in the Great Lakes, pollutant concentrations have
            declined 80–90 percent.
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         20    Waste: running out of space?

         
         
         We often worry about all the waste piling up, wondering where it all can go. We feel
            that the “throwaway society” and its industrial foundation is undermining the environment.
            This fear is perhaps expressed most clearly by former vice president Al Gore, who
            is disturbed by “the floodtide of garbage spilling out of our cities and factories.”1577 “As landfills overflow, incinerators foul the air, and neighboring communities and
            states attempt to dump their overflow problems on us,” we are now finally realizing
            that we are “running out of ways to dispose of our waste in a manner that keeps it
            out of either sight or mind.”1578 The problem is that we have assumed “there would always be a hole wide enough and
            deep enough to take care of all our trash. But like so many other assumptions about
            the earth’s infinite capacity to absorb the impact of human civilization, this one
            too was wrong.”1579 Equally, Isaac Asimov in his environmental book tells us that “almost all the existing
            landfills are reaching their maximum capacity, and we are running out of places to
            put new ones.”1580

         
         It is true that waste generation does increase with GDP. The richer we get the more
            garbage we produce. This can be seen from the World Bank’s analysis of waste per capita
            in relation to income, shown in Figure 113. The question is, of course, whether this is actually a problem. We may believe that
            garbage production is spiraling out of control and that landfill garbage is piling
            up to the extent that soon there will be room for no more, but that is simply not
            the case.
         

         
         A waste expert points out that reality has turned out very differently from our fears
            of just a decade ago: “Images from the nightly news of more and more garbage with
            no place to go struck fear in the hearts of mayors and public works directors everywhere.
            Children were taught that the best way to stave off the invasion of sea gulls hovering
            at landfills was by washing out bottles and stacking old newspapers. But the anticipated
            crisis did not occur.”1581
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         Figure 113 Connection between income and waste production per capita, based on 39 countries
            in 1985. Source: World Bank 1992, Shafik 1994:764. 
         

         
         Each American produces about 4.5 pounds of waste per person each day – all in all
            some 200 million tons of municipal waste each year.1582 Not only does that sound like a lot, but the annual amount has doubled since 1966,
            as can be seen in Figure 114. However, the growth in waste that actually ends on the landfill has stopped growing
            since the 1980s, and currently Americans ship off less waste to the landfill than
            they did in 1979. The main reason is that more and more waste gets incinerated, recycled
            or composted. Moreover, a part of the reason why the US produces more waste is more
            people – per person, total waste has only increased 45 percent since 1966. And looking
            at the waste that will end up in a landfill, each person only produces 13 percent
            more waste than in 1966.
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         Figure 114 Waste production in the US, national and per person, for landfill and for recovery
            and combustion, 1960–2005. Forecast from 1998. Source: EPA 1999b:133, USBC 2000d.
         

         
         EPA’s data only go back to 1960, but consumption patterns have changed radically over
            longer periods. At the beginning of the twentieth century, an American home each day
            produced in addition to the ordinary waste some 4 pounds of coal ash, making it likely
            that landfill production has not increased dramatically over the century.1583

         
         Nevertheless, it seems likely Americans will continue producing at least 110 million
            tons of garbage every year, destined for the landfill. Natural intuition, as pointed
            out by Al Gore above, tells us that this cannot go on for ever. If we envisage that
            the US will continue to produce 110 million tons of landfill waste every year for
            the rest of this century, from 2001 to 2100, how much space would it occupy? Let us
            suppose we placed all the waste in a single landfill – surely not a smart idea, but
            just for the purpose of illustration – and filled it up to 100 feet. That height is
            still lower than the Fresh Kills landfill on Staten Island, within the New York City
            boundaries.1584 Then the total landfill waste of the US over the entire century would take up just
            a square 14 miles on each side.1585

         
         Now, surely, assuming a stable waste production for the next century is an unreasonably
            optimistic assumption. Not only will economic growth increase the amount of garbage
            (as we see in Figure 113), but according to the Census Bureau, the US is expected to more than double its
            population before 2100.1586 Thus, let us assume the growth in total, personal waste production as we have seen
            since 1990 and expect till 2005 will continue till 2100. Moreover, let us adjust the
            waste production to the ever increasing number of Americans, each producing ever more
            garbage. Once again, sum up the entire waste mass and pile it to 100 feet. Surprisingly,
            we will only need a slightly larger area – it will still fit within a square, less
            than 18 miles on each side.1587

         
         In Figure 115 this landfill area is illustrated as being placed in Woodward County, Oklahoma. All
            the American waste of the entire twenty-first century will fit into a single landfill,
            using just 26 percent of the Woodward County area.1588 Of the state of Oklahoma, the landfill would use up less than half a percent1589 Of the entire US landmass, the landfill would take up about one-12,000th – less than
            0.009 percent.1590 Equivalently, one could imagine that each state would handle its own garbage – for
            argument’s sake, let us just say one-fiftieth each. Then, in order to handle all the
            waste production of the twenty-first century, each state merely needs to find space
            for a single, square landfill, 2.5 miles on each side.1591

         
         
         Moreover, the scenario with ever increasing amounts of waste is probably rather exaggerated,
            especially considering that most economic growth will be in the service industries
            and information technology, as we noted in the chapter on raw materials. Even in material
            production the general trend is towards the use of fewer materials – a sort of dematerialization
            of the economy.1592 The car is an excellent example, representing a full basket of products from an industrialized
            economy, with metals, plastics, electronic materials, rubber, and glass. Since the
            early 1970s, carbon steel has been replaced with high-tech steel, plastics and composites,
            with the new materials substituting the old at a rate of one to three, making the
            car ever lighter without compromising structural integrity.1593
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         Figure 115 The extent of the necessary landfill area to handle all waste from the US throughout
            the entire twenty-first century: a square less than 18 miles (28 km) on the side.
            It is here illustrated as placed in Woodward County, Oklahoma, using 26 percent of
            its area, or less than 0.009 percent of the US area.
         

         
         Even so, the main point here is that we will not be inundated with garbage. Garbage
            is something we can deal with. It is a management problem.
         

         
         This does not, however, imply that landfills will be easy to site. Nobody wants to
            be neighbor to a landfill – a phenomenon so familiar that it has even been given a
            name: NIMBY, or Not In My Back Yard.1594 Thus, garbage may be a political problem, but it is not a problem of lack of physical space.
         

         
         It is perhaps worth mentioning that landfills today are very safe for the groundwater.
            The EPA estimates that current environmental regulations governing the US’s 6,000
            landfills ensure that over the next 300 years they will only cause 5.7 cancer-related
            deaths, or just one every 50 years.1595 This should be seen in the light of the fact that cancer kills 563,000 people each
            year in the US, with about 2,000 deaths caused merely by using spices in food.1596

         
         For other nations, waste rates seem to be slightly increasing (as predicted in Figure 113), but at much lower levels than the US. At 1.1 kg/day for Japan and 1.3 kg/day for
            France, both have seen slow increases, but they are still way below the American production
            of 2 kg/day. As a result of strict policies, German waste production of 1.2 kg/day
            has actually decreased 29 percent since 1980.1597 The UK has very poor waste statistics, but seemingly the trend is slightly upwards,
            with a daily production on a par with France.1598 If UK waste production increases at the same rate as the American (surely an overestimate,
            since the UK population does not increase with nearly the same speed), the total landfill
            area needed for the twenty-first-century UK waste would be a square 8 miles on the side – an area equivalent to 28 percent of the Isle of Man1599

         
         Finally, we should mention recycling. In the US paper, glass, metals and plastics
            are recovered.1600 We tend to believe that recycling is a rather new phenomenon, but actually the US
            has recycled about 20–30 percent of all paper throughout the century, and recycling
            is still below the levels of the 1930s and 1940s.1601 However, materials like copper and lead have increasingly been reused, rising steadily
            through the century from 5–10 percent to more than 50 percent and 70 percent respectively.1602

         
         Moreover, we tend to believe that all recycling is good, both because it saves resources
            and because it avoids waste.1603 Of course, as chapter 12 showed us, we may not necessarily need to worry so much about raw materials, especially
            common ones such as stone, sand and gravel, but neither should we worry about wood
            and paper, because both are renewable resources.
         

         
         Equally, if the entire US twenty-first-century waste can be contained within a single
            landfill in part of Woodward County, Oklahoma, we must also consider whether recycling
            to avoid waste is a good investment of resources. Possibly, we may be able to save
            more resources by burning old paper at incineration plants, making use of the heat
            produced and felling more trees, instead of using energy to collect the old paper
            to be sorted, prepared and filtered. New studies seem to indicate that it actually
            costs more to recycle paper than to produce new paper.1604

         
         Societal-based analyses typically show that recycling does not pay from a private
            economic point of view, although it is in the balance as far as society as a whole
            is concerned.1605 This can be seen as evidence that the current recycling level is reasonable, but
            that we perhaps should not aim to recycle much more.1606
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         21   Conclusion to Part IV: the pollution burden has diminished

         
         
         Pollution is not in the process of undermining our well-being. On the contrary, the
            pollution burden has diminished dramatically in the developed world. As regards air
            pollution, the improvement has been unequivocal. Human health has benefited phenomenally
            from reductions in lead and particle concentrations. Contrary to common intuition,
            London has not been as clean as it is now since 1585.
         

         
         Indoor air pollution, on the other hand, has remained more or less constant, although
            it much more depends on individual responsibility – most markedly in relation to smoking.
            Asthma frequency has increased, but this is primarily because we have sealed our homes
            so effectively and spend much more time indoors; the increase has had nothing to do
            with air pollution.
         

         
         Air pollution has got worse in the developing world, mainly because of the strong
            economic growth. However, the developing countries are really just making the same
            tradeoffs as the developed countries made 100–200 years ago. It turns out that when
            we look at the problems over time, the environment and economic prosperity are not
            opposing concepts, but rather complementary entities: without adequate environmental
            protection, growth is undermined, but environmental protection is unaffordable without
            growth. It is thus reasonable to expect that as the developing countries of the world
            achieve higher levels of income, they will – as we in the developed world have done
            – opt for and be able to afford an ever cleaner environment.
         

         
         On the other hand, numerous serious environmental issues have proven to be unproblematic.
            Acid rain, which was supposed to have killed the forests in the 1980s, turned out
            to have little effect on forest growth, although it did damage to vulnerable lakes.
            The oceans have not been harmed to any significant degree, and the Gulf War and Exxon
            Valdez accident have probably not caused lasting damage.
         

         
         The quality of coastal waters in human terms has definitely increased. However, many
            coastal and marine areas around the world are getting higher inputs of nutrients,
            which has contributed to an increase in the frequency of oxygen depletion or hypoxia,
            detrimental to aquatic organisms. The main part of this problem stems from the ready
            access to fertilizer which has given us the Green Revolution, the ability to feed
            the world on much less land, and consequently a dramatic reduction of pressure on
            forests and other natural habitats. In this view, nutrient overload is the price we
            let the marine organisms pay for our success in feeding humanity, while maintaining
            large forest habitats.
         

         
         With sufficient resources we can certainly decrease the oxygen depletion, but the
            question remains whether this constitutes our wisest use of limited resources. In
            the Gulf of Mexico, we can diminish hypoxia and save many bottom-dwelling life forms,
            but at a price tag of more than $2 billion a year. If we want to do good with our
            $2 billion, we might consider that we could save at least 30 million people in the
            Third World for the same amount.
         

         
         Rivers have generally improved for almost all indicators. We saw the Rhine, the Thames
            and New York Harbor showing increased oxygen content, supporting a much wider flora
            and fauna than 20–40 years ago. Finally, the “waste disposal crisis” was a chimera
            of the 1980s. Even if waste production continues to increase and the American population
            doubles over the next hundred years, a single square landfill of less than 18 miles
            on the side can contain the entire twenty-first-century US waste – just 26 percent
            of Woodward County, Oklahoma.
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         Figure 116 Concentration of total DDT in human milk and fat for various countries, 1963–97.
            Source: Smith 1999a, Schade and Heinzow 1998, CEQ 1989:417, Bernstam 1995:510, HSDB
            2000.1607

         
         The pollution load on humans has been declining in the cities (lower air pollution)
            and from the sea, land and rivers. As one of many indicators, this has caused a decline
            in the DDT concentrations in human fat and milk. In Figure 116 we see how levels have declined at least 60 percent and in some cases even more than
            93 percent in total DDT, and the fall has been backed up by many other indicators,
            among them PCB and HCB.1608 The share of Americans with PCB in their fat fell from 68 percent in 1972 to just
            9 percent in 1983.1609 This is important, as a new survey seems to suggest that large concentrations of
            PCB in a mother’s milk can result in her offspring having learning difficulties and
            a lower IQ.1610 Equally, the level of dioxin is falling. In the latest EU report, it is found that
            “exposure to dioxins within EU Member States has decreased by between 9 percent and
            12 percent per year” while concentrations in breast milk have dropped 8 percent a
            year, and in blood as much as 12 percent a year.1611

         
         We have seen how human progress has been phenomenal. We have seen that whether we
            are talking about food, raw materials or energy, no shortages of resources seem to
            be forthcoming, no serious problems for the continued growth of production and welfare
            are in the offing. In Part IV we have seen that problems with pollution do not give
            us reason to believe that economic growth is in the process of destroying the Earth
            – rather the contrary. As far as the vast majority of significant areas are concerned,
            we have reduced pollution and increased environmental quality. On this front too,
            the world has become a better place in which to live.
         

         
         However, we also need to look at some of the large environmental problems which have
            been debated over the past years. Could it be that climate change from global warming,
            the increasing chemical load, the hole in the ozone layer and the loss of biodiversity
            will seriously challenge and endanger human prosperity?
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         Tomorrow’s problems
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         22 Our chemical fears

         
         Rachel Carson, named by Time Magazine one of the 100 most influential people of the twentieth century,1612 kick-started popular environmental awareness with her 1962 book Silent Spring.1613 Here she told us how pesticides like DDT were spoiling the Earth, potentially leaving
            us with a silent spring, devoid of singing birds. In her vision of the future,
         

         
         a strange blight crept over the area and everything began to change. Some evil spell
            had settled on the community: mysterious maladies swept the flocks of chickens; the
            cattle and sheep sickened and died. Everywhere was a shadow of death. The farmers
            spoke of much illness among their families. In the town the doctors had become more
            and more puzzled by new kinds of sickness appearing among their patients. There had
            been several sudden and unexplained deaths, not only among adults but even among children,
            who would be stricken suddenly while at play and die within a few hours.1614

         
         The shadow of death, the evil spell, was the onset of the chemical age: “For the first
            time in the history of the world, every human being is now subjected to contact with
            dangerous chemicals, from the moment of conception until death.”1615

         
         This claim of chemical cataclysm in the making became a runaway best-seller, spreading
            its message far beyond the US.1616 And the message was not only that chemicals could harm birds and bees but – as is
            evident from the quote above – that chemicals could kill us and our children. This
            message has been the legacy of Carson and has remained one of the major underpinnings
            of the environmental movement: our fear of chemicals.1617

         
         Her preoccupation with chemicals and particularly pesticides – which she colorfully
            termed “elixirs of death”1618 – set the background for the long trail of chemical frights that have hit the front
            pages since then.1619 Some of the most notorious worries, such as Love Canal and Times Beach, have gone
            on to become popular icons, even if their scientific credentials later turned out
            to be somewhat jaded.1620

         
         Carson described how the chemicals affected animals and humans in a variety of ways,
            but above all stood cancer, killing “one in every four,” as the chapter on the final
            consequences was named.1621 Pointing out the possible connection between increasing pesticide use and rising
            cancer rates, Carson put the cancer issue at the forefront of public attention. This
            focus, combined with a flurry of new cancer studies and a newly started EPA, struggling
            for bureaucratic independence, also made cancer one of the main arenas for environmental
            regulation.1622

         
         This has caused the curious fusion of “environment,” “cancer” and “pesticides” that
            remains to this day. In the League of Conservation Voters Education Fund poll of US
            environmental attitudes from February 2000, three of the five top environmental priorities
            were focused on toxic control: drinking water, toxic waste and pesticides.1623 And of the other two, clean air and clean waterways, certainly clean air is somewhat
            connected through its focus on cancer mortality. The recurrent Gallup polls have similarly
            found throughout the 1990s that toxic waste and air and water pollution are the key
            environmental issues.1624

         
         
         The consequences are intertwined and feed on each other. As we hear of ever more cancer
            studies telling us this and that can give us cancer, and hear about ever increasing
            cancer rates, we are inclined to believe that cancer pervades our modern world. Consequently,
            we are also inclined to believe more and more firmly that the environment is deteriorating.
            And the other way round; as our background knowledge of the Litany tells us that the
            environment is going downhill with serious health effects on our lives, cancer stories
            get ever more real.
         

         
         The media are awash in claims of a cancer epidemic.1625 Total Health tells us that the public needs to be rescued from “the current cancer epidemic.”1626 In an article in the American Journal of Public Health, the authors state unequivocally that although the exposures are many and the statistics
            difficult to decipher, “we know that there is a cancer epidemic in the United States.”1627 Even the World Health Organization Director-General Dr. Gro Harlem Brundtland could
            not help pointing out that her organization ought to have more money because of “the
            emerging tide of non-communicable diseases such as cancer.”1628 And MidLife Woman almost yells in our faces, how “the cancer epidemic continues to rage around the world.”1629

         
         And the cancer epidemic is caused by the increased pesticide pollution in the environment.
            The Sierra Club asks the question and answers it straight off: “Why are so many people getting cancer?
            One reason may be the legal release of millions of pounds of cancer-causing chemicals
            into our air and water-ways.”1630 MidLife Woman confidently tells us that “these rising rates of cancer, infections and immune system
            dysfunctions (asthma, allergies and lupus) are a function of our increasingly polluted
            environment.”1631 The Environmental Magazine tells us that organically grown foods are great not only because they have double
            the mineral content of those grown conventionally (though this is wrong1632). “They’re also free from pesticides, ranked the number three cancer risk by the
            Environmental Protection Agency (EPA)”1633 (which is also wrong, as we shall see below).
         

         
         The idea of pesticides-make-cancer-epidemic is perhaps most clearly encapsulated in
            the famous article from Professor Pimentel of Cornell, which we have already discussed
            in Part I. In the opening line, neglecting the overwhelming contribution of tobacco
            and malnutrition to his figures, he confidently states: “We have calculated that an
            estimated 40 percent of world deaths can be attributed to various environmental factors,
            especially organic and chemical pollutants.”1634 In Psychology Today the study’s message is repeated even more simply, showing us “that 40 percent of deaths
            worldwide are caused by pollution and other environmental factors.”1635 And in the newsletter of the Centers for Disease Control, Pimentel’s article is summed
            up in a single bullet-point: the increasing pollution “points to one inescapable conclusion:
            life on Earth is killing us.”1636

         
         Not surprisingly, this information barrage has made us believe that possibly the most
            important health determinant is not our own acts but influences from the environment.
            In a poll from 1990, Americans were given two health categories and asked which was
            the most serious “in terms of causing health problems for people”: “Things in the
            environment, such as air pollution, water pollution, chemical waste disposal, etc.”
            or “personal habits, such as the kinds of food people eat, smoking, drinking, stress,
            etc.”;1637 44 percent thought that the environment was the more important, whereas only 34 percent
            picked personal habits.1638 Moreover, the number of people believing the environment was the primary health determinant
            had increased from 38 percent since 1985.1639

         
         We know that the environment has perhaps the most important influence on our health.
            We believe that cancer is on an epidemic rise. We realize that this is in a large
            part caused by the very chemicals that pollute our environment.
         

         
         
         
         But the evidence absolutely does not support these myths of the Litany.

         
         Cancer: death

         
         Cancer is probably the disease Western society dreads the most.1640 It therefore comes as no surprise that cancer is shrouded in many myths. The most
            pervasive myth is the idea of a cancer epidemic.
         

         
         The problem with the cancer debate is that it is very easy to pick out numbers that
            sound alarming. In Figure 117 we see several different ways of describing US cancer mortality. First, we might
            look at the total number of people dying – in 1950, about 211,000 people died of all
            cancers, whereas more than 540,000 died of it in 1998. An increase of more than 150
            percent. But of course, the US population has increased dramatically over the same
            period1641 – and if the population doubles, we would naturally expect twice as many cancer deaths,
            without this in any way being alarming.
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         Figure 117 US cancer mortality 1950–98, expressed as total number of deaths, crude cancer death
            rate, age-adjusted death rate and death rate adjusted for age and smoking. All cancers;
            age adjusted to standard world population. Source: WHO 2000d, CDC 2001a, HHS 1997:77,
            140, Peto et al. 1992, 1994.
         

         
         
         Thus, the cancer problem is more correctly expressed as a rate, typically the number
            of cancer deaths per 100,000 people. In Figure 117 we can see how this rate has increased from 140 in 1950 to 200 today. Thus, for every
            100,000 people, we have 60 more cancer deaths every year in 1998 than we did in 1950.
            An increase in cancer frequency of 43 percent.
         

         
         Actually, back in 1900, only 64 of 100,000 people would die from cancer, such that
            we today are experiencing 136 more deaths per 100,000 every year – an increase of
            213 per-cent.1642 But before this makes us conclude that the twentieth century has offered us an explosion
            of cancer, we have to consider what else has happened during this period.
         

         
         Cancer is almost exclusively a disease of old age. The risk of cancer is roughly four
            (of 100,000) in the first 25 years of life. Then over the next ten years, the rate
            triples to 12. Then it roughly triples again every ten years, leaving a rate of 400
            around age 50, tripling again over the next 20 years to 1,350.1643 Thus, when the population ages, it will die more of cancer. Really, it is not all
            that surprising. In 1900, young people were dying of tuberculosis, influenza, pneumonia
            and other infectious diseases (see Figure 20, p. 56). Today, when we have got much older exactly because we do not die from these
            infections, and since we have to die of something sooner or later, we have to die
            more of heart disease and cancer. In 1900 the US average age was 26; in 1998 the average
            was 36.1644

         
         Thus, as a population ages, more frequent cancer may be not an indication of any higher
            risk, but merely a consequence of more people having survived infections and moved
            up into more cancer-risky age groups. This problem is corrected by adjusting the cancer
            rates for age – essentially asking what the cancer rate would have been if the age
            distribution in the population had not changed. Typically, a standard like the US 1970 population or the
            world population (which makes it easier to compare between countries) is chosen. In
            Figure 117 we see the age-adjusted cancer rate which is the cancer rate the US would have had
            throughout the period if its population distribution had looked like the typical age
            distribution of the world. Here we see only a slight increase in age-adjusted cancer
            rates, from 125 up to 136 in 1983, and back to 126 in 1998, or an increase of 9 percent
            and now just 1 percent. But still, of course, cancer has actually increased – after
            correcting for age, there are still 1 percent more people who die from cancer every
            year.
         

         
         However, the overwhelming reason for the slight rise in age-adjusted cancer rates
            is a rapid increase in lung cancer, and this we know is almost exclusively caused
            by increased smoking.1645 WHO has used the non-smokers’ cancer rates to estimate the number of lung cancers
            and other cancers attributable to smoking. Today, by far the largest part of lung
            cancer is due to smoking (about 91 per-cent)1646 and the smoking-related lung cancers make up about 70 percent of all smoking-related
            cancers.1647 Thus, if we take the age-adjusted cancer rates and remove the cancers attributable
            to smoking, we get a cancer rate both adjusted for the aging of the population and
            adjusted for past smoking patterns. This final rate is presented in Figure 117, representing the US cancer rate if the population was not aging and if no one was
            smoking. The result is a marked decline of almost 30 percent in cancer mortality from
            1950 to 1998.
         

         
         At the same we also die less of other causes, particularly vascular diseases. This
            is the reason why the average life expectancy goes up. In the US, the age-adjusted
            risk from dying of everything but cancer has gone down by 40 percent from 1955 to
            1995 for men, and 45 percent for women.1648 For the entire developed world, the drop in non-cancer death rates has been about
            37 percent for men and 47 percent for women.1649

         
         
         Taken together, the evidence consistently shows that non-smokers have experienced
            decreasing overall cancer death risks as well as ever declining death rates from other
            diseases. No real cancer epidemic.
         

         
         Thus, it is important that a cancer scare is not based merely on the wrong indicators
            such as absolute numbers or unadjusted rates. However, this was exactly what became
            the standard as Rachel Carson worried about the “disturbing rise” in leukemia from
            1950 to 1960.1650 Here essentially she compared the 8,845 deaths in 1950 to the 12,725 deaths in 1960
            – an increase of 43 percent.1651 This is also depicted in Figure 118. Her point was that we were seeing the absolute numbers of deaths increase by 4–5
            percent annually (the increase was actually 3.7 percent). Rhetorically, she asked
            “what does it mean? To what lethal agent or agents, new to our environment, are people
            now exposed with increasing frequency?”1652
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         Figure 118 US leukemia mortality and incidence (onset of cancer), 1950–97, expressed as total
            number of deaths, crude cancer death rate, age-adjusted death rate and incidence.
            Age adjusted to standard world population for death rate, US 1970 population for incidence.
            Source: WHO 2000d, SEER 2000b.
         

         
         
         To support her position, she also stated the crude death rate estimate, again showing an increase of 20 percent from 1950 to 1960.
            Of course, she should have presented the argument using age-adjusted death rates,
            which sounds much less worrisome at an increase of 13 percent. If we look further
            (which Carson naturally could not have done), the death rate for leukemia was back
            down at its 1950 level in 1974, and decreased a further 11 percent by 1997. Actually,
            since monitoring began in 1973, incidence (onset of cancer) has declined some 9 percent.
         

         
         Although the causes of leukemia are still somewhat unclear it seems likely that Carson’s
            singular focus on synthetic chemical killers was off track.1653 Instead, it seems as though it is a two-step process. First, a rare chromosome recombination
            takes place in the womb. This can be caused by interfering chemicals, but many of
            them are of quite natural origin – resins used to treat genital warts, Chinese herbal
            medicines, genestein from soy sauce, flavors from red wine, onions and other foods,
            along with synthetics such as benzene and quinoline antibiotics.1654 Moreover, metabolites of alcohol seem to be able to initiate the chromosome recombination,
            explaining the observed link between alcohol intake during pregnancy and leukemia.
         

         
         However, another triggering factor is necessary, and here many studies have shown
            that rare infections play a part. In areas of higher population density, leukemia
            is more frequent.1655 Moreover, many places with higher population mixing have seen increasing leukemia
            – a famous study showed that during the Second World War in the UK, where the city
            populations were offered rural places for evacuation, rural leukemia rates were higher
            the more city people stayed (supposedly increasing infection opportunity).1656 Thus, Carson’s increase in leukemia from 1950 to 1960 may have been nothing more
            than the increased urbanization of the US – from 64 percent to 70 percent urban in
            the decade from 1950.1657

         
         If we look at the major cancers in the US in Figure 119, the most obvious is the heavy occurrence of lung cancer, particularly male lung
            cancer. For men, lung cancer has been the predominant cause of cancer since 1953,
            and for women it surpassed breast cancer in 1986. The growth in lung cancer is strongly
            linked to smoking. We know from the two largest cancer studies in the world, each
            involving more than a million people, that non-smokers have a very low and stable
            lung cancer rate.1658 Actually, smokers on average have a tenfold increase in the risk of lung cancer,
            and lung cancer mortality is 23 times higher for smoking men compared to male never-smokers,
            while 13 times higher for women smokers compared to female never-smokers.1659
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         Figure 119 US age-adjusted cancer death rates for men and women, 1930–98. Age adjusted to US
            1970 population. Source: ACS 1999, CDC 2000b, 2001a.
         

         
         
         At the same time, smoking increased dramatically over the first part of the century.
            The consumption of cigarettes grew from 54 per person per year in 1900 to 4,345 in
            the 1960s, and has decreased since then to 2,261 in 1998 (the same as in 1942).1660 The proportion of smokers has declined from 42 percent in 1965 to 25 percent in 1997
            – the share of men smoking has declined steadily from 54 percent in 1955 to 28 percent
            in 1997, whereas women increased their smoking proportion from 24 percent in 1955
            to 35 percent in 1965, decreasing since then to 22 percent in 1997.1661

         
         This information has been used to make a crude measure of the US cigarette consumption
            for men and women, depicted in Figure 120. Seen together with the cancer mortality curves, it illustrates the massive effect
            of smoking. Men started smoking early in this century, peaking around 1960 with an
            average of more than 16 cigarettes per day (averaged over all men including male non-smokers).
            The male lung cancer rate equally increased from about five to its peak of 75 in 1991,
            declining thereafter (also including non-smokers). Women have never smoked on the
            same scale as men, peaking in the mid-1970s at nine cigarettes and decreasing thereafter.
            The female lung cancer rate has increased from 2.3 in 1950 to more than 34, and it
            has still not leveled out, although it seems likely to do so soon.
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         Figure 120 US cigarette consumption for all adult men and women, 1900-9, and lung and bronchus
            cancer, 1930-98, for men and women.1662 Source: CDC 1997b:6-7, 8, 21, 35, 2000b, 2001a, ERS 2000a:4, ACS 1999.
         

         
         The second most important cancer for women is breast cancer. Again, there is a widespread
            myth that breast cancer deaths are exploding – one popular article tells us “breast
            cancer and all reproductive tract cancers are up 300 percent.”1663 However, there is no evidence to support this statement even in absolute numbers:
            from 1950 to 1998 the annual number of breast cancers increased from 19,000 to 42,000
            or an increase of 120 per-cent.1664 However, as we know, this is not a very informative way of looking at the numbers,
            partly because the US has 58 percent more women now than in 1950, and partly because
            the population has aged and breast cancer risks increase dramatically with age.1665

         
         If we look at the age-adjusted breast cancer death rate in Figure 119, there is clearly no explosion – rather the death rate is almost stable at 25–27
            all through to 1990 (we will look at incidence in a moment). Nevertheless, from 1960
            to 1990 there was a slight increase in mortality, some 6 percent, as can be seen in
            the enlargement in Figure 121. This should not be surprising, since many other risk factors besides age are known.1666 One of the most important is having children late and having few children. A woman
            with a first full-term pregnancy after 30 or a woman who has never borne a child has
            a risk two to three times greater than a woman with a completed pregnancy before the
            age of 20.1667 And since 1960, the median age of first-time mothers has increased from 21.15 years
            to almost 25 years, because of ever more women delaying their children for education
            and career.1668
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         Figure 121 Risk factors for breast cancer, 1960–98: median age of a woman first birth, gross
            fertility rate (number of females born by the average mother) and percent obesity
            in population, with age-adjusted breast cancer rate. Source: NCHS 1999a:223, 1999b:13,
            6, Ventura et al. 1998:12, 2000:26, ACS 1999, CDC 2000b, 2001a.
         

         
         Beyond late first birth, it also seems that the risk of breast cancer is increased
            the fewer children a woman has. And from 1960 to 1975, the average number of children
            per woman has declined, as can be seen in Figure 121 (notice that the axis is turned upside down). The number of female babies to the
            average mother (gross fertility rate) dropped from 1.8 in 1960 down to just 0.85 in
            1976 and has stayed around the stable 1 woman per woman since then.
         

         
         Finally, breast cancer risk increases with body weight,1669 and the share of American women who are obese has increased dramatically. In the
            first National Health Examination Survey in 1960–2, only 14.9 percent of all women
            were considered obese, whereas in the fourth examination in 1988–94 the share had
            increased to 25.1 percent.1670

         
         Other risk factors, such as alcohol, probably increase breast cancer risks, but the
            evidence of increasing usage is vague and conflicting.1671 Stress seems not to increase breast cancer.1672 Possibly, prematurely born women seem to be more at risk, and since more premature
            births survive, this would also drive up the breast cancer rates.1673 Also, genetics play a part (having both a sister and a mother with breast cancer
            increases your risks up to sixfold),1674 but genetics only explains about 5–10 percent and there is no reason to expect that
            changing genetics should have been able to change the breast cancer risk over the
            past 40 years.
         

         
         In sum, the very slight death rate increase to 1990 is amply explained by delayed
            childbearing, fewer children and more obese women. And these are all factors relating
            to personal decisions and not some lethal chemical agents in the environment. Since
            the mid-1980s, regular screening for breast tumors in combination with tamoxifen therapy
            has been instituted in the US, the UK and Canada, everywhere leading to significant
            declines in the breast cancer death rate.1675 A new overview study concludes that the recent decrease in breast cancer mortality
            will continue.1676

         
         The last of the major cancer risks in Figure 119 to increase is male prostate cancer, having increased some 8 percent since 1950.
            Prostate cancer is primarily a disease of old age – the median age for diagnosis is 72 years.1677 Many different causes seem to be significant, and research seems particularly to
            indicate a fairly stable connection between higher intake of animal fat and higher
            risk of prostate cancer.1678 Although not yet settled, an NIH overview states that “the evidence for an important
            role of diet in prostate cancer development has increased over the last decade.”1679

         
         Moreover, a new testing method, the prostate-specific antigen (PSA) test, has been
            rapidly adopted since its introduction in 1987. This test has led to the discovery
            of many latent prostate cancers and consequently has created a much greater pool from
            which to misattribute the cause of death. A 1999 study from the National Cancer Institute
            indicates that this may be a major cause of the recent rise and fall of the death
            rate,1680 while the PSA in the longer run is likely to decrease further the prostate cancer
            death rate.1681

         
         The mortality rate of the remaining major cancers is generally declining, some even
            dramatically and sustained over the almost 70 years of coverage, as is evident in
            Figure 119. For men, cancer in the colon and rectum has declined by 26 percent since 1948, while
            the reduction for women has been about 51 percent. Moreover, women have experienced
            a decline in cancers of the uterus by 81 percent. Most dramatically, stomach cancer
            has declined for both sexes, 84 percent for men and 91 percent for women. This is
            most likely related to improvements in diet, including the higher availability of
            fresh fruits and vegetables, better food preservation through refrigeration, and fewer
            Helicobacter pylori infections.1682

         
         Thus, the age- and smoking-adjusted death rate from cancer is declining; the few sites
            where the rate increases are fairly well understood and by now the vast majority of
            leading sites are declining.1683 This understanding is very far removed from the typical press stories of the cancer
            explosion. As the lead author from the WHO study on smoking concludes:
         

         
         The common belief that there is an epidemic of death from cancer in developed countries
            is a myth, except for the effects of tobacco. In many countries cancer deaths from
            tobacco are going up, and in some they are at last coming down. But, if we take away
            the cancer deaths that are attributed to smoking then the cancer death rates that
            remain are, if anything, declining. This is reassuringly true in Western Europe, Eastern
            Europe and North America – and, in the “West”, the death rates from other diseases
            are falling rapidly. For most non-smokers, the health benefits of modern society outweigh
            the new hazards. Apart from tobacco (and in places, HIV), the Western world is a remarkably
            healthy place to live.1684

         
         Cancer death rates are declining and the most important factors determining their
            trends beyond health care are not environmental but related to personal choice of
            lifestyle.
         

         
         Cancer: incidence

         
         Nevertheless, there are two other types of strategies to worry about with cancer –
            two ways to use cancer statistics to restate Carson’s question concerning to what
            “lethal agent or agents, new to our environment, are people now exposed with increasing
            frequency?”1685 The first is to look at the incidence or onset of cancer, the other is to look at
            rare cancers or special groups.
         

         
         Let us first look at incidence. In the US, the national SEER cancer surveillance program
            started in 1973, covering about 10–14 percent of the US population.1686 Since 1973, incidence has increased dramatically for some of the main incidence sites,
            such as prostate, breast and female genital.1687 Figure 122 shows the development of the five top sites accounting for more than 60 percent of
            all incidences.1688 Here, both breast and prostate cancer incidence has clearly been increasing over
            the past 25 years. Lung and bronchial cancer as well as female genital cancer have
            shown a smaller degree of increase, while colon and rectum cancer have decreased slightly.
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         Figure 122 Age-adjusted incidence risks of top sites, 1973–97. Female breast cancer, female
            genital cancer, male prostate cancer, both sexes lung and bronchus cancer, and colon
            and rectum cancer. Source: SEER 2000b.1689

         
         Does this indicate a worrying trend? As an example, let us take a closer look at breast
            cancer. Incidence has increased 62 percent since 1973, whereas death rates have decreased
            more than 13 percent – why? As the American Cancer Society points out, most of the
            incidence increase occurred from 1982 to 1988, where the annual growth rate was about
            4 percent.1690 This large increase is generally attributed to the rapid increase in mammog-raphy
            screening – in the early eighties screening had reached only 10–20 percent of women
            over 40, whereas in 1992 at least 60–70 percent of all women over 40 had had a mammogram.1691

         
         During this period the incidence of small tumors (<2 cm) more than doubled, while
            larger tumors (>3 cm) decreased 27 percent, indicating ever earlier detection.1692 A very large part of the rise also comes from in situ cancer (early cancer that has not spread to neighboring tissue) – the rise from 1973
            would be 22 percentage points lower without in situ cancer.1693 Most of these cancers are so-called ductal carcinoma in situ (DCIS), which are almost only detectable by mammography.1694 In the judgment of the American Cancer Society this “reflects a shift in the stage
            of disease at diagnosis toward earlier, more curable cancers rather than a true increase
            in occurrence.”1695

         
         We often worry about stories like 1-in-8 women will get breast cancer (see box), but
            this is not the main story. Because of an increase in early detection and increasing
            detection of breast lumps that are technically cancerous but benign,1696 we see a total increase in incidence. Nevertheless, this is exactly the reason why
            more cancers can be treated in time, causing death rates to decline.
         

         
         
            
            1-IN-8 AND OTHER LIFETIME RISKS

            
            Perhaps one of the best publicized risks is the “1-in-8 women will get breast cancer,”
               a statistic that has been published by the American Cancer Society since the early
               1970s (when it was 1-in-16).1697 This statistic is technically correct, but when stated alone and without explanation
               it is difficult to relate to one’s own life and it is often taken as overly worrying.
               The statement that one in eight women will get breast cancer means that if we follow
               eight women from birth to death, on average one will be diagnosed with breast cancer.
               (Notice, that we assume all women to go through the current death, accident and disease
               risks of the relevant age groups.) Sometimes it is stated that this 1-in-8 only applies
               if the women survive all other deaths,1698 but this is wrong – of course, other deaths have been taken into account.1699

            
            So, the statistic is correct, but there are two things to be noticed. First, the 1-in-8
               talks about incidence, not death. Second, the 1-in-8 is a lifetime risk, but is often taken as a risk right now.1700

            
            Looking at death instead of incidence, a woman’s lifetime risk of dying from breast cancer is “only” 3.29 percent or 1-in-30.1701 And looking at the risk right now, it depends greatly on age: the risk of a women
               developing breast cancer before the age of 50 is less than 2 percent (1-in–50) and
               even before the age of 60, the risk is still just 4.24 percent.1702 Her total risk of death before 65 years is 1.5 percent (1-in-65).1703

            
            Nevertheless, the 1-in-8 statistic has entirely focused women’s fears on breast cancer.
               In a recent survey of 1000 women between the ages 45 and 64, 61 percent feared cancer
               and particularly breast cancer most, while only 8 percent feared the disease most
               likely to kill them – heart disease.1704 Going through all 59 articles on breast cancer in four popular women’s magazines,
               researches found that 20 used the 1-in-8 statistics, but only 6 explained it.1705 Moreover, the typical age of the women featured in the articles was 41 years, way
               younger than the US typical age of onset of breast cancer – 65 years.1706

            
            Comparing the 1-in-8 number with other risk estimates may be useful to gain a feel
               for what is dangerous and what is not. Roughly four out of ten people will get cancer,
               and about two will die – women a little less than men. However, the risks of getting
               coronary heart disease is roughly similar to cancer while the death risk is much higher.
            

            
            While breast cancer for women and prostate cancer for men make up more than a third
               of all cancer incidences, they only make up about one-seventh of all cancer deaths.
               Lung and bronchus cancer is still the most likely cancer to kill both men and women.
               Over a lifetime, it is more likely to get involved in a motor vehicle accident with
               disabling injury than to experience cancer. Also, it is perhaps worth mentioning that
               the total lifetime death risk is 100 percent – the question is not whether we die
               but from what and when.
            

            
            Of course, the timing of different risks is not very well captured by lifetime risks,
               and likewise behavior can substantially change risks (if you do not smoke, your lifetime
               lung cancer death risk is far smaller that what is stated in Table 5).
            

            
            

            
            Table 5 Lifetime risks of selected incidences and deaths in percent. Notice, that numbers
               come from many different sources, years, and computational methods, and are only roughly
               comparable. Sources: SEER 2000:I.17-18, Merrill et al. 1999:188, Preboth 2000, Walsh
               & Devlin 1998, Lloyd-Jones et al. 1999, Quinn 1995, Lawrie et al. 1999, NSC 1999:30,
               80, USBC 1999:14, NCHS 1999:151.1707
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         Equally, the increase in prostate cancer of 116 percent is mostly caused by an increase in early detection. Partly, there are
            more operations for benign prostate disease, where asymptomatic prostatic tumors are
            found incidentally.1708 Partly, new diagnostic techniques such as transrectal ultrasound guided needle biopsy,
            computer tomography, and the above-mentioned serum testing for prostate-specific antigen
            (PSA) have increased the detection rate.1709 Actually, when examining the prostates of men who had died at 70 from completely
            unrelated causes and with no clinical history of prostate cancer, researchers found
            that 25 percent had prostate cancer – indicating that there is a very large pool of
            possible – and potentially harmless – prostate cancers waiting to be discovered.1710 Nevertheless, the very increase in detection has generally caused prostate cancer
            to be discovered earlier, consequently giving treatment a better chance and making
            death rates decline, as is seen in Figure 119.
         

         
         The other three cancers in Figure 122 are less likely to evoke fear. The 28 percent increase in lung and bronchus incidence
            is hardly surprising, given the long increase in male and continued increase in female
            lung and bronchus cancer mortality from smoking. The incidence of colon and rectal
            cancer has declined some 3 percent, and incidence of female genital cancer has remained
            stable with a decline in malignant cancer rates.1711

         
         Another strategy to evoke problems with cancer statistics is to look at very infrequent
            cancers or special groups, where increasing rates are likely to be found, even if
            just by chance. In September 1997, the US EPA held the first-ever national conference
            to explore possible links between childhood cancer and environmental causes, “spurred
            by the concerns that childhood cancer rates may be increasing.”1712 With a clear hint from Rachel Carson, EPA administrator Carol M. Browner pointed
            out at the conference: “The world that our children are born into now includes tens
            of thousands of new chemicals that simply were not around just a few decades ago –
            sub- stances that are present in our air, in our water, in our homes, on our foods.”1713

         
         
         But is there any reason to worry here? Figure 123 shows how childhood cancer incidence rates have increased by 9 percent while death
            rates have declined by 45 percent. In the latest review from the National Cancer Institute,
            the researchers have looked at the issue of childhood cancer exactly because of public
            concern stemming from media reports that incidence may be increasing because of environmental
            impacts.1714 The conclusion was that:
         

         
         there was no substantial change in incidence for the major pediatric cancers, and
            rates have remained relatively stable since the mid-1980s. The modest increases that
            were observed … were confined to the mid-1980s. The patterns suggest that the increases
            likely reflected diagnostic improvements or reporting changes. Dramatic declines in
            childhood cancer mortality represent treatment-related improvements in survival.1715
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         Figure 123 Age-adjusted incidence and death rates for childhood cancers, 0–14 years old, 1973–97.
            Source: SEER 2000:27, 2000a.
         

         
         
         Likewise with skin cancer. Here there has been an increase in both incidence and death
            rate, with an impressive-sounding death rate increase of 38 percent. However, making the same point in actual rates is perhaps
            less impressive – skin cancer death rates have increased from 1.6 per 100,000 in 1973
            to 2.2 in 1997.1716 Lifetime risk is but 0.2–0.34 percent as indicated in Table 5. And the reason is quite prosaic – the increase is mainly due to the fact that we
            spend more time sunbathing and wear fewer clothes when outside.1717 (Its very slight relationship to the ozone-layer will be discussed in chapter 24, p. 273.)
         

         
         Overall, there seems to be no indication of a cancer epidemic, apart perhaps from
            smoking-related lung cancer. Age- and smoking-adjusted death rates are declining,
            and when incidence rates are going up, it is mainly an indication of more and earlier
            screening being part of the cause of declining death rates.
         

         
         There seems to be no reason to suspect that the chemical “elixirs of death” are causing
            ever more cancers – rather the opposite.
         

         
         In its cancer overview, the National Cancer Institute concludes:

         
         Increasing exposure to general environmental hazards seems unlikely to have had a
            major impact on the overall trends in cancer rates, in agreement with the conclusion
            reached in a recent investigation of mortality trends in England and Wales, although
            rising rates for certain tumors have been clearly influenced by changing exposures
            to tobacco smoking, HIV infection, and sunlight exposure.1718

         
         The fear of pesticides

         
         So, what is the effect of the environment on cancers? How important are chemical pollutants
            to the formation of cancer?
         

         
         Several considerations lead us here to look particularly at the effects of the chemical
            group of pesticides. First, pesticides are well recognized and feared both in the
            EU and the US. The European Environment Agency named pesticides in drinking water
            one of the “dominant health issues in Europe” in its evaluation of the European environment
            at the turn of the century.1719 Equally, pesticides came at the high end of US environmental concerns, with 75 percent
            of all Americans being extremely or very concerned about pesticides.1720

         
         Second, pesticides are well studied, which makes it easier to discuss and document the different costs and benefits. Finally,
            in 1999 the Danish government completed possibly the biggest study of the societal
            consequences of phasing out pesticides, which gives us a better background against
            which to evaluate our various policy options.
         

         
         
            
            ESTABLISHING THRESHOLDS THROUGH RISK ANALYSIS

            
            The substances we consume via food and water are thoroughly regulated by global (UN),
               American (FDA, EPA) and European (EU) rules, primarily by means of limit values which,
               in the words of the UN, achieve an “adequate margin of safety to reduce to a minimum
               any hazard to health in all groups of consumers.”1721

            
            Briefly what happens is this. Through experiments on animals, a threshold is set where
               the substance has no harmful effects such as being toxic, causing irritation, or having
               consequences for reproduction.1722 This limit value is known as NOEL (No Observed Effect Level) or more recently NOAEL
               (No Observed Adverse Effect Level).1723 This level is then further reduced to achieve a limit-value for humans, the so-called
               ADI (Acceptable Daily Intake).
            

            
            In order to make allowances for possible differences in human and animal biological
               sensitivity, the NAOEL is usually reduced to one-tenth.1724 To make allowances for differences between various population groups (children, the
               elderly, etc.) it is further reduced to one-tenth. If various conditions are present
               such as a lack of information or uncertainty, the limit can be reduced still further.
               The usual ADI limit is therefore between 100 and 10,000 times lower than the NOAEL.1725

            
            Thus, if experiments show that rats can consume substance X in a dose of 100 mg per
               kilo body-weight per day without adverse effects (NOAEL), and a typical safety factor
               of 100 is applied, then the Acceptable Daily Intake (ADI) will be set at 1 mg per
               kilo body-weight per day.1726

            
         

         
         Surprisingly, both the EU and the US worry mostly about pesticides in the water. In
            the EU, pesticides are typically mentioned in connection with groundwater.1727 Equally, in a study of American attitudes towards pesticides, 71 percent were somewhat
            or very concerned about pesticides in the water supply.1728

         
         This worry is perhaps best expressed in the EU drinking water policy: here pesticides
            are regulated not because they are dangerous per se but simply because we do not want them. The limit value for pesticides was set at
            0.1μg/l because this was how much was measurable back in 1980 when the limit was set.1729 “If one only considered the amount of pesticides permitted in water for reasons of
            health, then the limit values – depending on the pesticide in question – would with
            today’s knowledge probably be considerably higher,” explains the director of the Danish
            Environment Agency, Erik Lindegaard.1730 His civil servants are even more blunt: “If health-related limit values were to be
            set for pesticides they would be far higher than the current political ones.”1731

         
         Owing to ever better detection methods, pesticides are found in the drinking water
            all over Europe. As the EEA points out: “Many pesticides are not found in groundwater
            simply because they are not looked for. Once a pesticide is looked for, it is often
            found, although the concentration may be below the maximum admissible concentration
            of 0.1μg/l.”1732 And as member states have started looking, pesticides have been found violating the
            limit of 0.1μg/l in upwards of 50 percent of all sampling sites.1733 As far as fruit and vegetables are concerned, around 1 percent exceed the limit values
            for pesticide content, both in the EU and the US.1734 But in this case, the limit values are set according to a health-related evaluation
            and are around 500 and 50,000 times higher than in drinking water (see box on establishing
            thresholds).
         

         
         
         The average American consumes 295 pounds of fruit and 416 pounds of vegetables a year.1735 A rough calculation shows that he therefore consumes about 24 mg of pesticide each
            year.1736 Even if one drinks 2 liters of water a day for a whole year from a well with a pesticide
            concentration exactly at the EU limit (which would be a maximally pessimistic scenario),
            one would absorb about 300 times less pesticide from the water than from fruit and
            vegetables. This quick-and-dirty estimate is also backed up by much more accurate
            research, demonstrating that Americans would consume 225 times as much pesticide through
            food as through water if their entire fluid intake came from a water source polluted
            with pesticides at the EU limit values (see Figure 124).1737

         
         This means, of course, that if we are to fear pesticides at all then we have to fear getting them from our food and
            not our water.1738
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         Figure 124 The amount of pesticides from food (45ìg/day or 99.6 percent) and water (0.2 ìg/day
            or 0.4 percent), even if one drinks two liters of water a day from sources containing
            pesticides at EU limit values. Source: Ames et al. 1987:272.
         

         
         
         
         Pesticides and cancer

         
         Let us try to gauge how dangerous peticides are to human health.

         
         The fear of pesticides primarily concerns their long-term effects. In contrast, it
            is easier to decide whether a substance ally toxic, or whether it irritates the e
            skin, and there is relatively broad agr as to the consequences of various doses.1739 With the legacy of Carson, the lon effects concerned have primarily been In the same
            way, most official regula pesticides has focused on the risk of cancer as a result
            of constant contact with concentrations of pesticides.1740 In years a new fear has developed, that of cides’ possible hormonal effects on humans.
            We shall discuss both problems, starting cancer.
         

         
         Cancer is responsible for around 23 percent of all deaths in the Western world, measured
            in terms of both life-years lost and the number of lives.1741 Two of the world’s leading cancer researchers, Sir Richard Doll and Richard Peto,
            have carried out one of the largest studies of the relative importance of various
            causes of cancer in the US.1742 The conclusions of the important and unimportant causes, as seen in Figure 125, often come as a surprise.
         

         
         Tobacco is the cause of around 30 percent of all cancer deaths and since the number
            of smokers increased between 1960 and 1980, an increasing number of people in the
            Western world will die of cancer caused by tobacco smoking. Tobacco smoking is also
            the cause of numerous cardiovascular diseases. Today, around 20 percent of all deaths are caused by tobacco and it is to be expected that this proportion will increase.1743

         
         Diet is the cause of about 35 percent of all cancer-related deaths.1744 We know from numerous studies, especially those of migrants, that our eating habits
            affect our cancer risk.1745 Examples of this are colon and breast cancer, which are among the most common forms
            in the US, rare in Japan but common among American Japanese.1747 The food we eat has changed considerably since industrialization: we eat more processed
            food, far more sugar, meat, dairy products and fat.1748 Increasing the amount of fat, salt, low-fiber and meat-based food we eat increases
            our risk of getting cancer. Similarly, obesity and a higher intake of calories also
            increases the risk of our developing cancer.1749 On the other hand, eating both fruit and vegetables reduces our risk of getting cancer.1750 It is believed that changing our diet so as to avoid fat, meat and obesity and focusing
            on fruit, green vegetables and fibers would get rid of all or almost all food-related
            occurrences of cancer, i.e. reduce the frequency of cancer in the West by as much
            as 35 percent!1751
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         Figure 125 Proportions of cancer attributed to different causes in the US. Pesticides account
            for a minuscule share of pollution’s contribution to cancer. Source: Doll and Peto
            1981:1256.1746

         
         The fact that infections cause 10 percent of all occurrences of cancer does not mean
            that cancer is contagious but that some viruses, bacteria and parasites can trigger
            cancer.1752 In the same way, sex and childbirth account for some 7 percent of all cancer cases,
            primarily because of cervical cancer (increasing with the number of sex partners)
            and cancer of the breasts and ovaries (increasing with later first-time  birth).1753 Spending more time in the sun also results in more cancer (an increase of 50 percent
            over the last 14 years) and radioactive radon seeping from underground also causes
            it.1754 Together, these cause about 3 percent of all cancer deaths.
         

         
         Alcohol is carcinogenic, causing about 3 percent of all cancer-related deaths. And
            consumption of it is increasing, in step with higher incomes and urbanization.1755 Medicines and x-ray examination are estimated to cause around 1 percent of all cancer-related
            deaths.1756 Additives such as spices, preservatives and artificial sweeteners may contribute
            to cancer, but Doll and Peto also believe that because they improve food safety and
            reduce obesity, they may in fact also have a preventive effect on the disease. Doll
            and Peto’s best estimate is that food additives cause less than 1 percent of all cancer
            deaths, although this could be as low as minus 5 percent (avoiding 5 percent extra
            deaths).
         

         
         Finally, there is pollution. This includes atmospheric pollution, water pollution
            and food contamination, which together account for about 2 percent of all cancer-related
            deaths. Of these factors, air pollution is the main cause of cancer, whereas water
            pollution is considered “relatively less important.”1757

         
         We finally come to pesticides, and how much they contribute to cancer. Doll and Peto
            conclude that “the occurrence of pesticides as dietary pollutants seems unimportant.”1758 This conclusion then, equates very poorly with our fear of pesticides. Virtually no one dies of cancer caused by pesticides.
         

         
         We pointed out above that Americans believe most cancer risks to be caused by “things
            in the environment, such as air pollution, water pollution, chemical waste disposal,
            etc.,” rather than personal choices such as food, smoking and drinking.1759 However, if we count the categories in Figure 125, at least 75 percent of the cancer risk stems from personal choices, whereas less
            than 7 percent comes from without, and this is even including the work environment’s
            4 percent as involuntary. The pesticide scare, causing 75 percent of all Americans
            to be extremely or very concerned about pesticides, is seemingly without foundation.1760

         
         One could of course assume that Doll and Peto – despite their internationally acclaimed
            reputation – are alone in their assertions. But this is not the case. Many others
            have tried to evaluate both the general cancer risk and the specific pesticide risk,
            finding estimates in the same range. An earlier 1977 attempt to attribute cancer to
            specific causes found very similar estimates to Doll and Peto.1761 Here, almost all factors were found to be due to individual behavior whereas pollution
            although considered was not even included in the final attribution. Occupation was
            found to be the only non-individual cause, explaining 2–5 percent of all cancers.1762 A later and much quoted 1993 study in the Journal of the American Medical Association attempted to attribute not just cancer but all deaths to some cause.1763 At least 80 percent of the explained deaths are based on individual behavior, whereas
            just 6 percent of the explained deaths stem from toxic agents, covering both occupational
            hazards, environmental pollutants, contaminants of food and water supplies, and components
            of commercial products.1764 The main environmental effects come from asbestos exposure, from occupational hazard
            and again about 2 percent from pollution.1765

         
         Actually, the US EPA 1987 estimates of environmentally caused cancers are surprisingly
            similar to Doll and Peto. EPA estimates that pollution contributes 1–3 percent (compared
            to Doll and Peto’s 2 percent), sun and radon 3–6 percent (Doll and Peto: 3 percent),
            occupation 0.5–4 percent (4 percent) and consumer products less than 1 percent (1
            percent).1766 In a review of EPA’s toxicological method and Doll and Peto’s epidemiological method
            it is concluded that “the agreement between Doll and Peto’s and EPA’s estimates may
            be seen as buttressing the conclusion that cancer risks from environmental exposures
            are a relatively small percentage of total cancer risk.”1767

         
         
         In the EPA risk estimate is included an evaluation of the overall risk of pesticides
            in food. Here, EPA found by far the highest risk of all studies. The overall risk was estimated to constitute between 0.5 percent
            and 1 percent of all cancer-related deaths or 3,000–6,000 annual deaths. The EPA acknowledges
            that this is a worst-case figure, and that the correct figure could be much lower
            and perhaps close to zero.1768

         
         However, three new comprehensive studies have shown that the true figure is probably
            very small. In 1996, the US National Research Council, part of the National Academy
            of Sciences, produced a 500-page report on carcinogens in food, sponsored by, among
            others, the EPA. Its main conclusion was that “the great majority of individual naturally
            occurring and synthetic chemicals in the diet appear to be present at levels below
            which any significant adverse biologic effect is likely, and so low that they are
            unlikely to pose an appreciable cancer risk.”1769

         
         Once again, this challenges our usual view of pesticides. However, the National Research
            Council was not alone in its evaluation. In 1997, the World Cancer Research Fund and
            the American Institute of Cancer Research, with the help of the WHO, the National
            Cancer Institute, the FAO and the International Agency for Research on Cancer (IARC)
            scrutinized more than 4,500 studies in order to investigate the effect of foods on
            the development of cancer. The 650-page report also discusses the problem of pesticides
            and concludes that:
         

         
         There is no convincing evidence that any food contaminant [including pesticides] modifies
            the risk of any cancer, nor is there evidence of any probable causal relationship.
            Indeed, there is currently little epidemiological evidence that chemical contamination
            [pesticides] of food and drink, resulting from properly regulated use, significantly
            affects cancer risk.1770

         
         It also says that “it is commonly thought by the public that chemical contamination
            [pesticides] of food and drink is a significant cause of human cancer” but that “experts
            … have generally come to the view that residues are relatively unimportant factors.”1771

         
         Finally, in 1997 the Canadian Cancer Society produced a major report on the very topic
            of pesticides. The evaluation was that “there has been a growing concern on the part
            of many Canadians that exposure to pesticides, either in food residues or when applied
            to lawns and gardens, may be a major cause of cancers.”1772 The conclusion is, however, that they still share Doll and Peto’s assessment of pesticides
            and that “the general population, through food residues, is not exposed to any appreciable
            risk.”1773

         
         The conclusion of all the recent studies is that we got it wrong. We worry about a
            minute or non-existing threat. Extremely few people – if any – die of cancer because
            of pesticide residues in foods and in drinking water under present conditions.
         

         
         On the other hand, several studies have shown that farmers, who are far more exposed
            to pesticides than most, do face a greater risk of getting cancer. For example, a
            study of French wine growers shows that they face a 25 percent greater risk of developing
            brain cancer.1774 The problem with the studies, which are often reported in the media, is that it is
            impossible to know what other types of cancer have been tested. This is the “file
            drawer” problem mentioned in chapter 2 – it is possible (and as far as this survey is concerned it even seems probable)
            that the authors have collected information about 20 or 30 types of cancer and have
            then found one that is different as far as farmers are concerned and reported it,
            while the ones that were not of interest were left to languish in the file drawer.1775 This means that we cannot be sure that finds such as this one, of the connection
            between pesticides and cancer in the brains of French wine growers, are examples of
            true and causal connections.1776

         
         On the other hand, several teams of scientists have made a whole series of studies
            of farmers in an attempt to correct the file drawer problem. The latest, most comprehensive
            study from 1998 examines 37 other studies and finds that “cancer of the lips is the
            only form of cancer which is obviously more common in farmers.”1777 Cancer of the lips is in all likelihood related to the fact that farmers face greater
            exposure to the sun as they work outdoors. The farming discussion does not appear
            to provide support for the argument that pesticides should to any substantial degree
            contribute to cancer.
         

         
         Cancer in animal experiments

         
         So do pesticides cause cancer at all? It is difficult to say. The basic problem is
            that when we consider such small cancer risks as those which apply to most pesticides,
            we simply cannot see any increased occurrence of cancer in the population because
            too many other factors get in the way. This is what statisticians call noise. Sometimes
            one can look at individual professional groups who have worked with heavy concentrations
            of a substance for years. For instance, studies investigating miners exposed to intense
            levels of radon have formed the primary background material to deduce the carcinogenic
            effects of radon in ordinary homes, as discussed in chapter 17.1778 A very few pesticides such as arsenic, benzene and chromium have been confirmed as
            carcinogenic in humans, but then naturally these have also been regulated and banned.1779

         
         We therefore find ourselves in the situation today that, to the extent to which current
            pesticides produce cancer, the risk to the individual is so small that it would be
            very difficult to see any increased cancer risk, even among such exposed groups as
            farmers.1780 Of course, this does not necessarily mean that the overall risk to society may not
            be serious.
         

         
         This is why scientists instead investigate whether pesticides cause cancer in rats
            and mice. The trouble is that standard animal experiments with only 50 animals in
            each group are so small-scale that it is not possible statistically to detect differences
            of less than about 10 percent.1781 If one divides the mice into two groups and gives one group pesticides throughout
            their lives, and discovers that four mice develop cancer, whereas only three do so
            in the toxin-free control group, no conclusion can be drawn because the difference
            could just as well be a matter of chance. The difference has to be at least five mice
            before statistical significance can be achieved.
         

         
         One could, of course, simply give the substance to far more mice, but even the standard
            50 animal per group experiment costs around US$400,000 and it will generally be necessary
            to carry out at least two experiments on different species.1782 Instead experts have chosen to investigate cancer risk by giving the laboratory animals
            extremely high, close to harmful doses, so as to be sure of getting a high cancer
            frequency.1783 On evaluation, the question then arises as to what the cancer risk to mice on a high
            dose means to human beings at low intake levels. The question is whether one can transfer
            conclusions drawn from mice to humans, and from high doses to low ones.
         

         
         The short answer is: we do not know.1784 But to be on the safe side the EPA uses data from the most sensitive species of animals
            and assumes that there is a direct correlation from high to low dose.1785 The Acceptable Daily Intake (ADI) is then set such that the lifetime risk of getting
            cancer from this particular chemical is less than 1 to 1,000,000.1786

         
         Particularly contestable is the direct correlation between high and low doses. How
            are we to interpret a typical experiment, as shown here in Figure 126, on ETU, a well-known byproduct of a fungicide? There is statistically no doubt that
            500 ppm of ETU will give rats thyroid cancer. And at 0 ppm, ETU obviously cannot cause
            cancer (the 2 percent apparently being the background cancer level – thyroid cancers
            from other causes). It actually seems that ETU does not increase the cancer risk at
            levels below 125 ppm, and that the cancer risk only increases above this level. It
            is possible that the 125 ppm represents a threshold value – that ETU levels below
            125 ppm are harmless, while those above cause cancer. This interpretation is equivalent
            to the oft-quoted insight from the founder of pharmacology, Paracelsus (1493–1541),
            who said that “all substances are poisons; there is none which is not a poison. The
            right dose differentiates a poison and a remedy.”1787
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         Figure 126 Rat study of carcinogenity of ethylene thiourea (ETU). Daily dose (in parts per million)
            against percentage of rats (approx. 70 in each group) which at the end of the experiment
            had developed thyroid tumors. The straight black line illustrates the EPA’s general
            evaluation of risk correlation at low doses. Source: Rodricks 1992:133, EPA 1996c:117.
         

         
         Even so, statistically we can not exclude the possibility of a minimal risk still
            existing between 0 and 100 ppm, and that we just cannot discern this risk using only
            70 rats. Many different, complicated models have been proposed as a means of estimating
            the correlation for small doses.1788 The EPA estimates that the risk steadily decreases as the line in Figure 126 shows.1789 Almost everyone (the EPA included) agrees that this straight-line risk estimation
            is a worst-case approach and possibly leads to a drastic overestimation of the risk.1790

         
         This is the crux of the dispute – whether carcinogens have threshold values beneath
            which they are not dangerous or whether they simply become less and less dangerous
            right down to zero. And it will probably be extremely difficult to settle this dispute
            using normal methods of measurement because the figures involved are so incredibly
            small.1791

         
         Natural and synthetic pesticides

         
         Professor Bruce Ames of the University of California, Berkeley, has for some years
            been proposing a radical new point of view to the threshold/no-threshold discussion.1792 Bruce Ames is one of the world’s most highly respected microbiologists and cancer
            researchers, who invented and gave his name to one of the most frequently used tests
            for cancer.1793 His point of view was recently backed up by the US National Research Council.1794

         
         Ames has repeatedly pointed out that we have almost exclusively worried about artificial
            pesticides, even though many pesticides are natural. This often seems to come as a
            surprise to people, but when you think about it, it is actually obvious: plants –
            unlike animals – cannot run away, which is why one of their most important evolutionary
            survival strategies is to become poisonous, and thus inedible.
         

         
         But with Rachel Carson the early environmental movements focused virtually exclusively
            on man-made pesticides, which is what formed the basis of our fear of, and focus on,
            synthetic chemicals.1795 Carson set out the environmental objective with her famous quote: “For the first
            time in the history of the world, every human being is now subjected to contact with
            dangerous chemicals, from the moment of conception until death.”1796 Ames points out the basic misconception: “This statement is wrong: the vast bulk
            of the chemicals humans are exposed to are natural, and for every chemical some amount
            is dangerous.”1797

         
         Chemically there seems to be no basis for distinguishing between natural and synthetic pesticides.1798 Arsenic has been used as a weedkiller and is a naturally occurring mineral. Aflatoxin
            is the most carcinogenic pesticide known to man. It occurs naturally in a fungus that
            infects, among other things, peanuts, grain and maize.1799 Pyrethrum is an insecticide which occurs naturally in the chrysanthemum family, just
            as nicotine is a natural pesticide which the tobacco plant uses to protect itself.1800

         
         It turns out that we consume far more natural pesticides than synthetic ones. Typically,
            natural pesticides make up 5–10 percent of a plant’s dry weight.1801 It is estimated that by weight 99.99 percent of the pesticides we consume are natural,
            while only 0.01 percent are synthetic.1802 Reference is frequently made to the 99.99 percent figure, although it is not relevant
            in itself since we also need to know whether synthetic pesticides are more or less
            carcinogenic than natural ones.1803

         
         Ames, together with several colleagues from Berkeley, has evaluated the various things
            we eat and drink. Coffee, for example, contains around 1,000 chemicals, of which only
            30 have so far been tested for cancer in mice and rats. Twenty-one of the tested chemicals
            are carcinogenic to rodents.1804

         
         In order to evaluate how serious a cancer threat these substances constitute one can
            compare the intake per kilo of body weight with the dose which gives 50 percent of
            mice or rats cancer from life-long consumption (known as TD50 – about 350 ppm in Figure 126).1805 If one drinks a cup of coffee made from 4 g of ground coffee, one is consuming 7.2
            mg of caffeic acid or about 0.1 mg/kg body-weight.1806 Half a group of rodents will develop cancer from a daily lifetime intake of around
            285 mg/kg of caffeic acid (the TD50). Thus, one cup of coffee every day subjects a human being to 0.1/285 = 0.035 percent,
            known as 0.035 percent HERP (Human Exposure dose/Rodent Potency dose).1807 This risk only applies on two important conditions: if it is possible to transfer results from rodents to humans, and if the EPA’s linear, no-threshold method is relevant.
         

         
         Unless it is possible to transfer results directly from mice to humans (something
            which obviously poses big problems), the figures cannot be used as absolutes. But
            one can still compare the relative risk, because this rests purely on the no-threshold assumption. So using no-threshold
            we can compare the relative cancer risk of a whole series of the things we eat – both
            food and pesticide residues. Since the no-threshold assumption gives a worst case
            estimate for very small intakes our comparison will also ensure that if anything we
            will overestimate the danger of synthetic pesticides.
         

         
         If we take a look at Figure 127 we can see that drinking three cups of coffee (the American average) represents a
            risk of around 0.1 percent, whereas the 14.9 g of lettuce eaten by the average American
            represents a risk of 0.04 percent, both owing to their content of caffeic acid.1808 The average intake of a little less than one glass of orange juice also represents
            a risk of 0.03 percent from d-limonene, and 2.55 g or one-sixth of a mushroom produces
            a risk of 0.02 percent due to hydrazines. Only after the average intake of apple,
            cinnamon, carrot, potato, celery, white bread and nutmeg do we come to the first pesticide
            – Ethylene thiourea from Figure 126. The risk from the American daily intake of ETU is 0.002 percent. This is equivalent
            to the cancer risk posed by pre-1972 DDT intake (DDT was banned in the US in 1972)
            – today the risk for DDT is about 0.00008 percent. The risk from consuming the American
            average of apple juice with Alar in 1988 was 0.001 percent – less than the risk from
            caffeic acid in the American daily average intake of one-tenth of a pear.1809

         
         Although only 79 of the roughly 10,000 known natural pesticides have been tested for
            their carcinogenicity, with our intake they are clearly at the top of the risk list.1810

         
         The consequence of these figures is that many of our perfectly ordinary foods would
            not pass the regulatory criteria we use for synthetic chemicals.1811 Our intake of coffee is about 50 times more carcinogenic than our intake of DDT before
            it was banned, more than 1,200 times more carcinogenic than our present DDT intake,
            and more than 66 times more carcinogenic than the most dangerous present-day pesticide
            intake, ETU.1812
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         Figure 127 Comparison of relative cancer risk (HERP) of the average American daily intake of
            various foods and synthetic pesticides. The alcohol intake of the average adult American
            is equivalent to 1.7 beers or a HERP of 3.6 percent, i.e. 36 times greater than coffee.
            Note that UDMH-intake from Alar is the average from 1988. Source: Ames and Gold 1998:214–15,
            Gold et al. 1992:264.
         

         
         
         What we cannot see in Figure 127 (because we do not know the average daily intake) is that 1 g a day of basil, with
            its content of estragole, is just as risky as three cups of coffee and 66 times more
            dangerous than our intake of ETU.1813 Equally, the indoor air inside the average American, conventional (non-mobile) home
            contains formaldehyde as discussed in the indoor air pollution section, such that
            the risk of staying inside 14 hours a day is 0.4 percent or some 260 times the risk
            from ETU.
         

         
         Alcohol is way outside the bounds of the diagram. The average American consumes alcohol
            at the equivalent of 1.7 beers a day,1814 or a HERP risk of 3.6 percent and more than 2,100 times more risky than the most
            dangerous pesticide, ETU.1815 Put differently, consuming the average quantity of ETU every day throughout a lifetime
            is just as dangerous as drinking 13 beers once in a lifetime. Or with a different
            comparison, the average intake of ETU throughout a lifetime is as risky as staying
            indoors in an average American home for a little more than two months – once.
         

         
         This analysis suggests either that we should worry much more about coffee, basil and
            lettuce than about synthetic pesticides, or that the assumption of the non-threshold
            value is mistaken. The large-scale World Cancer Research Fund study found that the
            possibility cannot be excluded of coffee causing cancer of the bladder, although there
            exists “uncertainty about the relationship” and the association under any circumstances
            “was not clinically important.”1816

         
         In Professor Ames’ opinion, it is more likely that typical animal cancer tests present
            a misleading picture.1817 Feeding animals with extremely high doses of substances such as caffeic acid, estragole
            or synthetic pesticides can cause chronic cell death simply because of a localized
            overload, e.g. of the stomach.1818 Cancer occurs precisely because of the high doses involved. This is supported by
            the fact that approximately half of all the synthetic pesticides that have been tested
            were found to be carcinogenic, but that similarly half of all natural pesticides were carcinogenic.1819 An extremely high proportion of all the substances in the world would probably test
            positive in a cancer test, which suggests that we are in fact measuring something
            entirely different, namely localized overloading.
         

         
         However many people have wondered whether evolution may have developed defense mechanisms
            against natural pesticides because these have been with us for quite some time, unlike
            their synthetic counterparts.1820 Several facts make such a view implausible.1821

         
         First, man’s cancer defenses (typically DNA repair) are of a general nature and effective
            against both natural and synthetic pesticides.1822 Second, there are still many natural pesticides (e.g. aflatoxin from fungus in peanuts)
            which we have not yet learned to deal with. Equally, many common elements are carcinogenic
            to humans, e.g., salts of cadmium, beryllium, nickel, chromium and arsenic, despite
            their presence throughout our evolution.1823

         
         Third, it is often claimed that humans have developed a “toxic harmony” with their
            dietary plants, but not with our new chemicals.1824 However, only a very small proportion of our present diet has been with us throughout
            our evolutionary process: most of us eat many things unknown to our forefathers, such
            as coffee, cocoa, tea, potatoes, tomatoes, sweet corn, avocado, mango, olives and
            kiwi fruit.1825

         
         Fourth, it is not only synthetic pesticides such as DDT that can accumulate in the
            food chain; the natural, neurotoxic pesticides sola-nine and chaconine from potatoes
            can accumulate in human fatty tissues.1826 These toxins have been shown to cause birth defects in rodents.1827 Finally, it is not reasonable to expect, from an evolutionary point of view, that
            the human body should develop defences against naturally carcinogenic pesticides,
            since cancer is a disease of old age and does not usually occur until after propagation.1828

         
         In other words, it can be said that the risk posed by synthetic pesticides above has
            proven to be quite small in comparison with the already imperceptibly tiny risk posed
            by some of the healthy things we consume such as lettuce, fruit juice, apples and
            celery.1829 Depending on how much faith one has in the EPA’s maximum-evaluation that synthetic
            pesticides cost 3,000–6,000 lives a year, the evidence indicates that the natural
            pesticides in lettuce, fruit juice, apples and celery actually cost far more lives.
            However, it is much more likely that animal cancer tests do not indicate true risks
            but give us extreme worst-case risk assessments, with enormous safety factors built
            in.1830 Thus, there is good reason to assume that the cancer risks from both natural and
            synthetic pesticides are indeed very small.
         

         
         It is difficult to find anyone willing to venture a concrete estimate of these two
            extremely small risks – most of the large-scale cancer evaluations simply and cautiously
            describe the risk posed by synthetic pesticides as “infinitesimal” and “insignificant,”
            because it is incredibly difficult to determine the precise magnitude. The head of
            the Food and Drug Administration’s Office of Toxicology, Dr Robert Scheuplein, has,
            however, proffered his idea of the general conception of magnitude in the profession.1831 He estimates that the most probable distribution of food-related cancers is:1832 98.79 percent from traditional food (red meat, poultry, grains, potatoes, sugar,
            cocoa, salt, etc.), about 1 percent from spices and natural flavorings (mustard, pepper,
            cinnamon, vanilla, etc.), 0.2 percent from indirect additives (remnant substances
            from factories, such as lubricants, surface residues, packaging migrants, etc.), 0.01
            percent from pesticides (insecticides, herbicides, fungicides, PCB, DDE, dioxin, aflatoxin,
            etc.), 0.01 percent from animal drug residues (antibiotics, growth hormones, etc.)
            and 0.01 percent from preparation (fermentation, frying, boiling, etc.).
         

         
         
         If we take the number of cancer-related deaths in the US (around 563,000 in 19991833), using Doll and Peto’s estimate which says that about 35 percent are caused by foods
            (200,000), and distribute them according to Dr Scheuplein, the result can be seen
            in Figure 128. Consequently, a more realistic estimate is that pesticides probably cost about twenty
            statistical deaths a year in the US.
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         Figure 128 Number of deaths from cancer related to foodstuffs in the US, according to cause.
            Total 200,000. Source: Scheuplein 1991.
         

         
         
         Synthetic estrogens

         
         A new, major anxiety has begun to proliferate, that of synthetic chemicals mimicking
            human and animal hormones, particularly since publication of the popular scientific
            book Our Stolen Future.1834 In the overview section of the millennium edition of State of the World, Worldwatch Institute specifically links the 1962 worry of Rachel Carson with this
            “growing concern” over hormonally active “synthetic chemicals associated with pesticides and
            plastics.”1835

         
         It turns out that even mild hormonal influences during pregnancy can have significant
            consequences – it has been shown that if a female mouse fetus lies between two male
            fetuses in the womb she will be more “aggressive” and less attractive, simply because
            her brothers’ hormones influenced her fetal development.1836

         
         The problem is that certain substances, especially DDT and the industrial compound
            PCB, have proven able to imitate our hormones, particularly the female hormone estrogen.1837 From the late 1940s to 1971 the estrogen-like substance DES was widely used for the
            prevention of abortion and pregnancy complications. In total, about 5 million women
            used the substance.1838 DES unfortunately proved itself not only unable to prevent abortion but in fact to
            increase the rate of abortion and at the same time cause an increasing frequency of
            a rare type of cancer in the vaginas of young girls whose mothers had taken DES during
            pregnancy. Sons of high-dose DES-mothers also had markedly lower sperm counts.1839

         
         Similarly in animals exposed to DDT and PCB, altered sex ratios (fewer males and more
            females) and small penises and testicles have been observed.1840 Just as in the mouse offspring mentioned above, DES, DDT, PCB and their breakdown
            products have had an estrogen-like effect, and at specific junctures in the fetal
            stage have altered the development, feminizing or changing the sex of some males.
            DES was banned in 1971, DDT in many industrial countries in the early 1970s and PCB
            in the late 1970s. Concentrations in the environment of both DDT and PCB have fallen
            dramatically since then (e.g. Figure 112 and Figure 116).1841

         
         So why do we start to worry now? Well, there are a number of other substances which
            show a mild estrogen-like effect. This effect is many thousand times weaker than estrogen,
            although it is unclear exactly how strong they are because synthetic estrogens are
            not, like natural estrogen, blocked by the body’s other proteins.1842

         
         Many plants also contain natural estrogens for the same reason that they contain natural
            pesticides: they are among the plants’ many ways of defending themselves. If they
            can destroy the natural hormone balance in the animals that eat them, these will not
            fare so well in the evolutionary process, which will alleviate pressure on the plant
            species.1843 Sheep, for example, will experience reproductive disorders if they eat red clover,
            which has a high content of the estrogen-like substance genistein.1844

         
         Scientists have found natural estrogens in numerous common foodstuffs, including rye,
            wheat, cabbage, spinach, barley, rice, soybeans, potatoes, carrots, peas, beans, alfalfa
            sprouts, apples, cherries, plums, coffee, whisky, parsley, sage and garlic.1845 In terms of weight we generally consume far more natural estrogens than synthetic
            ones. But once again, what is most important is the effect and not just the weight.
            Several studies have shown that exposure to plant estrogens early in life can undermine
            the ability of rat pups to reproduce when they reach adulthood.1846 Soy protein has an extremely high estrogen content and there is evidence that it
            can influence the menstrual cycle of women.1847 Scientists also point out the problem of feeding babies soy milk without having investigated
            how this major type of estrogen can influence body functions.1848

         
         Many researchers have pointed out that the synthetic chemicals’ hormonal effects are
            far weaker than those of naturally occurring hormones and that exposure to them is
            not significant enough to represent any real danger – one report shows that our overall
            intake of synthetic estrogens calculated in estrogen equivalents is more than 40 million
            times lower than the average intake of natural plant estrogens.1849 If we compare the intake of synthetic estrogens with the average daily birth control pill, they are more than 6 billion times weaker. This, of course, makes the
            entire worry sound a bit like the worry about pesticides – an effect far lower than
            the natural background effects.
         

         
         Here is the authors’ response to these calculations in Our Stolen Future: “Such assertions are not supported by the evidence. When one surveys the available
            information and scientific literature, one quickly discovers that there are far too
            many blank spaces and missing pieces to provide even a rough picture of how much humans
            might be taking in or to allow for definitive conclusions.”1850 In short, although simple estrogen counts may show that synthetic estrogen constitutes
            a vanishing fraction of the total estrogenic impact, we simply know too little about
            the field. The same argument is made in one of the major estrogen papers in Environmental Health Perspectives Supplements, which concludes that much more research is necessary.1851

         
         However, accepting that we know little about the consequences let alone the causes
            also means that the main argument for the estrogenic worry as presented in books like
            Our Stolen Future relies on the stories and examples of possible estrogenic consequences. Here we shall
            take a look at the three most well known and noteworthy of these.
         

         
         Synthetic estrogens: a fall in sperm quality

         
         In the major surveys of the effects of estrogen, the discussion about sperm quality
            is the most important: “The most fundamental change has been the striking fall in
            the sperm count in men’s ejaculations.”1852 In Our Stolen Future, the authors write: “The most dramatic and troubling sign that hormone disrupters
            may already have taken a major toll comes from reports that human male sperm counts
            have plummeted over the past half century”1853 The alleged fall is also typically used as a primary argument for organic farming.1854

         
         
         In 1992 a group of Danish scientists, led by Professor Niels Skakkebæk of Copenhagen
            University Hospital, published a report which showed that the number of sperm cells
            in men’s semen had fallen from 113 to only 66 million per milliliter from 1938 to
            1990 (see Figure 129).1856 The article concluded by pointing out that it was yet to be established whether this
            reduction was due to estrogenlike substances or other to causes.1857
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         Figure 129 Average sperm count in 61 studies from 1938 to 1990 (the area of the circle indicates
            the number of men in each study). Source: Carlsen et al. 1992:610.1855

         
         
         The story appeared in the media all over the world and inspired Greenpeace to produce
            a rather quick-witted advert. A picture of a man, mid-thirties, with an exceedingly
            small penis, under the caption: “You’re not half the man your father was.”1858 Quite a dig at male pride.
         

         
         Together with professor Richard Sharpe of the British Medical Research Council, Skakkebæk
            sketched out a hypothesis of the correlation between the fall in sperm quality and
            the effect of estrogen in The Lancet the year after.1859 They also estimated that the deterioration of sperm quality could be linked to the
            significant documented increase in testicular cancer incidence over the last 30–50
            years.1860 In the article they listed seven different ways in which we may have become exposed
            to more estrogens; they noted among other things that:
         

         
         
         

         
         •    a low-fiber diet seems to increase “recycling” of estrogens in women

         
         •    obesity increases bioavailable estrogen

         
         •    changes in diet (e.g. soy) can increase estrogen intake

         
         •    drinking more milk increases the estrogen intake and

         
         •    perhaps we are becoming more exposed to synthetic estrogens.

         
         

         
         Synthetic estrogens, then, only constitute a subset (and one of the most uncertain)
            of all the possible explanations, but it was this story the media chose to circulate.
         

         
         All the same, the primary question remains as to whether it really is correct that
            the sperm count has halved over the last 50 years. The 1992 article has led to numerous
            critical responses and new studies which have shown both deterioration and stable
            sperm counts.1861 Sperm counts in Paris have fallen, while in Toulouse the count remained stable.1862 Sperm counts in Scotland have fallen, whereas those in Finland remained constant
            or increased slightly.1863 Studies in Belgium and parts of London showed a fall in the count, whereas those
            in the US, in New York, Los Angeles, Minnesota as well as Seattle were constant.1864

         
         Our Stolen Future only mentions the surveys which showed a fall in the sperm count.1865 It is also mentioned that the surveys are still viewed with a certain skepticism
            by some in the medical profession. But we are somewhat arrogantly told that “this
            skepticism recalls similar disbelief at the first news in 1985 that a dramatic hole
            had developed in the Earth’s protective ozone layer over Antarctica.”1866

         
         The problem is basically that we lack information on sperm count prior to 1970 – in
            spite of its great efforts, the Skakkebæk team only managed to dig out 13 relevant
            surveys. Of the 1,780 men from the 13 pre-1970 surveys, 84 percent come from just
            five large-scale studies (the large circles in Figure 129), and they are all from the US.1867 In actual fact the first four large-scale studies (for 1938–51) are from a single
            city, New York.1868 This is important because New York is one of the cities in the world to have the
            highest sperm count, at around 130 million/ml.1869 It is not known exactly why New York is so much higher, although, for example, the
            sperm count is temperature-dependent and is much higher in winter – Finnish men have
            an equally high sperm count of about 130 million/ml.1870

         
         If New York has far more men with a high sperm count than the other cities in Europe
            and the rest of the world, this obviously produces more noise (the sperm counts hop
            up and down more in Figure 129 because some of the circles are from New York while others are not). This weakens
            the analysis but does not render it useless. But when one looks at the geography after
            1970 it turns out that only 20 percent of the large-scale studies are from the US
            and only 7 percent from New York. So New York is heavily represented early in the
            survey (93 percent) and only slightly at the end (11 percent).1871 Moreover we know from a study just of New York that there has not been a decline in sperm count from 1972 to 1994.1872 It is, therefore, perhaps reasonable to remove the five New York studies. If one
            does so, the sperm counts no longer fall by 40 percent – in actual fact, a fall can
            no longer be statistically detected.1873 Surprisingly, Skakkebæk has never publicly commented on these facts.1874

         
         This leads to an even more important point. The period after 1970 is by far the best
            documented, with by far the most information available (79 percent in studies and
            89 percent in people). This information shows that since 1970 no change in sperm count can be demonstrated.1875 In fact a slight increase is discernible but it is not statistically significant.1876 Moreover, a reanalysis of the American data for New York and the rest of the US showed
            that there has been “no significant change in sperm counts in the U.S. during the
            last 60 years.”1877

         
         Even so, our point of departure must be the information we have available. It is a
            problem that we primarily have New York data in the early years and data from everywhere later,
            but as the question of the possible fall in sperm count is important we have to do
            the best we can with the available data.1878 Here it seems as though there was a slight fall in sperm count, especially from 1942
            to 1970. There does seem, however, to be yet another problem.1879

         
         We know that the shorter the time since a man ejaculated, the lower his sperm count
            will be.1880 This means that if men have been having more sex over the last 50 years (with or
            without a partner) this would decrease the sperm count and risk an incorrect interpretation
            of declining sperm quality. Of course, attempts are made to get around this problem,
            typically by asking donors to abstain from ejaculation for a specific number of days,
            but – not surprisingly – this turns out to be something quite difficult to check or
            enforce.1881

         
         On the other hand, Skakkebæk claims that “to our knowledge there are no data to indicate
            a change in masturbation or coital frequency since the 1930s.”1882 Even superficially, this is a surprising statement, considering that in the meantime
            we have undergone a sexual revolution and gained access to the contraceptive pill.
            But actually, we do have some pretty good statistics in this field. From the early
            1940s to the early 1970s the masturbation rate grew from about 30 times a year to
            60 times a year for unmarried 30-year-olds, whereas for married 30-year-olds it rose
            from about 6 to 24 times a year.1883 As regards intercourse, “the data show that there has been an important, even historic,
            increase in the typical (median) frequency of marital coitus throughout the population.”1884 For married 30-year-olds the frequency has gone up from 1.9 to 3.0 times a week.1885

         
         One naturally has to be careful when simply taking people’s own statements at their
            face value, but these figures equate pretty well with the other information we have,
            including a large-scale survey in 1983 of American couples. It shows that 45 percent
            of all relatively newly married couples have sex more than three times a week.1886 Similarly, probably the biggest representative study, involving more than 4,500 women
            from 1965 and 1970, showed an increase in the frequency of intercourse of at least
            17 percent in just five years, not least because of the much wider availability of
            contraceptives.1887 A follow-up survey in 1975 showed that intercourse frequency had increased still
            further.1888 A Swedish survey showed that the period of abstinence fell from 7.5 days to 4.4 days
            between 1956 and 1986, equivalent to an increase in frequency of around 70 percent.1889

         
         The data thus seem to suggest that men had far more sex and twice as many ejaculations
            a week in 1970 as they did in 1940.
         

         
         We know that if men abstain from ejaculation for ten days rather than three, their
            sperm concentration increases by about 60 percent.1890 In other words, this means that reducing the period of abstinence by one day reduces
            the number of sperm cells by about 13 million.1891 Skakkebæk’s discovery (including the problematic New York findings) of a fall of
            47 million sperm cells/ml over a period of 50 years is thus the equivalent of the
            reduction in the abstinence period of 3.6 days.1892 As we saw above, the abstinence period in Sweden has fallen by 3.1 days in just 30
            years.
         

         
         
            
            ORGANIC FARMERS

            
            We ought to mention two Danish surveys1893 that were quoted world-wide and showed that organic farmers and ecologists had better
               semen quality than other groups of workers.1894

            
            It is, of course, tempting to believe that improved sperm quality would correlate
               with better organic food (as was strongly pointed out in e.g. the book Eco Living),1895 but even when the study was published this was just one of the many possible explanations.
            

            
            Ecologists are definitely to a high degree different from the “ordinary man in the
               street” in more way than one – particularly in that far more of them live outside
               the capital and can be assumed to lead much less stressful lives.1896

            
            A survey by the Danish EPA later showed that traditional (non-organic) greenhouse
               gardeners also had better quality sperm than numerous other professional groups.1897

            
            Finally, in 1999, a large study of 171 traditional and 85 organic farmers settled
               the issue.1898 Of 15 different sperm quality parameters, 14 were indistinguishable. On the last,
               the organic farmers had significantly more normal spermatozoa. Another analysis showed,
               however, that for five pesticides, higher intake correlated significantly with fewer dead sperm cells. The conclusion was: “The
               estimated dietary intake of 40 pesticides did not entail a risk of impaired semen
               quality.”1899

            
         

         
         In an early evaluation of the declining sperm quality, Professor James writes that
            if the apparent fall from 1942 to 1980 of around 40 million sperm cells/ml was to
            be explained by more frequent sex it would demand that we have sex about twice as
            often as we did before.1900 And that is precisely what we see. There is thus every indication that more sex can
            be yet another part of the explanation.
         

         
         All in all, it seems obvious that there is a problem with using New York statistics.
            If we do not include New York, the drop in the sperm count disappears. Analyses of
            the last 20 years have shown that there has been no general fall, and perhaps even
            an increase instead.1901

         
         Moreover, another obvious way to assess the quality of semen shows no decline – male
            fertility. In the US, rates of infertility have remained constant at about 8–11 percent
            over the past three decades, and male infertility has accounted for approximately
            one-third of cases.1902 In the UK, the newest study from 2000 shows that male fertility has actually increased since 1961.1903

         
         The question of sperm quality is, of course, vital nonetheless. Even when we try to
            correct the figures for methodological problems such as New York, Skakkebæk’s survey
            probably shows that there has been some reduction in sperm quality. Of course this
            is not a problem if it is simply due to the fact that we have more sex. It seems obvious
            that at least part of the remaining sperm quality decline is explained by the massive
            increase in frequency of intercourse over the past 50 years.
         

         
         However, we are still confronted with contradictory data and can see that sperm quality
            is falling in places such as Paris and Scotland. Although we also know that these
            statistics fluctuate quite a lot and are highly dependent on the point in time at
            which data collection starts and finishes, it is of course essential to investigate
            these conditions further.1904

         
         It is, however, even more essential to point out that today we now know for certain
            that the scary vision of the general, overriding reduction in sperm quality was mistaken.
            Sperm quality has remained constant throughout the last 20–25 years in numerous places
            such as Toulouse, New York, Los Angeles, Minnesota, Seattle and Finland.1905 If there has been a reduction at all it has not been global.
         

         
         Synthetic estrogens: the “cocktail” effect

         
         One of the reasons we perhaps need not worry so much about the effects of synthetic
            estrogens is that they are several thousand times weaker than natural estrogen and
            DES.1906 However, in 1996, a number of well-known estrogen scientists from Tulane, led by
            John McLachlan, published an article in Science in which they described how a combination of two estrogens could amplify their effect
            by between 160 and 1,600 times – often called the cocktail or synergy effect.1907 So one plus one was no longer just two but more like a thousand.1908

         
         Since most natural occurrences come in combinations, this was a discovery that could potentially change many extremely weak
            estrogens into a combined, strong and threatening one. The story quickly spread around
            the world. Professor Stephen Safe, one of the estrogen skeptics, obviously felt extremely
            awkward in an interview and had to acknowledge that the results could well be extremely
            important: “It is extremely interesting and could have environmental significance.”1909

         
         The result could mean a radical departure from everything that had been learned to
            date about toxicology, and the fear of a cocktail effect frequently cropped up in
            the debate.1910

         
         In June 1997, the many scientists who had tried to repeat McLachlan’s experiment met
            at the official Estrogens in the Environment conference in New Orleans. They had no
            option but to conclude that none of the many studies had succeeded in finding any
            synergy effect. One plus one was still only two.1911 Even the team behind McLachlan was unable to reproduce its original results. That
            same week they therefore withdrew their article from Science.1912 According to Poul Bjerregaard, professor of eco-toxicology at Odense University,
            Denmark, all scientists agree today that estrogen-like substances have no synergy
            effect.1913

         
         Nonetheless, the American environment administration is still convinced of the value
            of the study: “Even if the specific synergy hypothesis raised by the Tulane study
            cannot be reproduced, it does not negate the possibility of synergy through other
            mechanisms. As such, the Tulane study remains important in that it raised awareness
            of synergy to the forefront of scientific investigation.”1914

         
         So, even though all the facts currently suggest that estrogens have no cocktail effect,
            it is apparently a good thing that we were made aware of the phantom-problem.
         

         
         Synthetic estrogens: breast cancer

         
         One of the best-selling points of the estrogenic fear has been the position that synthetic
            estrogens could be the explanation for the alleged breast cancer explosion.
         

         
         In 1993, a group of scientists announced that they had found a link between breast
            cancer and the estrogenic substance DDE in 58 women.1915 The authors wrote that since estrogenic pesticides were so common in the environment
            and in our food, “the implications are far-reaching for public health intervention
            worldwide.”1916 This was the kick-off for a substantial research effort and much has since been written
            about breast cancer.1917

         
         In the accompanying editorial in the Journal of the National Cancer Institute, the title harked back to Rachel Carson and restated our chemical fears: “Pesticide
            residues and breast cancer: the harvest of a Silent spring?” Though the editorial
            was sound and balanced, the message from a title like this was not lost on the media:
            through rampant breast cancer women worldwide were now paying the dues of an irresponsible,
            chemically obsessed society.
         

         
         Time magazine told us about the “relentless DDT” triggering breast cancer.1918 Greenpeace released a study claiming that “chemical pollutants are a major cause
            of rapidly rising breast cancer rates worldwide.”1919 An article in Scientific American told us that although the synthetic estrogen/breast cancer link was still speculative,
            “evidence in its favor is accruing steadily.”1920

         
         Dr. Marion Moses, director of the Pesticide Education Center in San Francisco, explained
            the connection in the Nation: “When you think about all that toxic stuff stored in the breast … you may not be
            surprised that a woman today has a one-in-eight chance of getting breast cancer. And
            given that organochlorines have been part of our world only since World War II … it’s
            also not surprising a woman today has twice the chance of getting breast cancer that
            her mother had.”1921 Dr. Mary Wolff, one of the researchers from the 1993 study, exclaimed: “The numbers
            are terrifying, really. I still can’t believe the risk is that high.”1922

         
         
         Our Stolen Future hinges a large part of its argument on this connection, ominously claiming that “by
            far the most alarming health trend for women is the rising rate of breast cancer,
            the most common female cancer.”1923 The link to pesticides is made very clear: “Since 1940, when the chemical age was
            dawning, breast cancer deaths have risen steadily by one percent per year in the United
            States, and similar increases have been reported in other industrial countries,” and
            they are very careful to point out that this is for age-adjusted rates.1924 This, of course, is incorrect, as is obvious in Figure 119 and as we pointed out earlier – at the time of writing Our Stolen Future, the age-adjusted death rate had actually dropped some 9 percent since 1940; the latest figures for 1998 indicate a drop of 18 percent.1925

         
         Nevertheless, the real issue of course is whether synthetic estrogens can be causing
            breast cancer. Generally, it is correct that the total amount of estrogen a woman
            is exposed to during a lifetime contributes to cancer.1926 Typically, this hormonal exposure comes from the woman’s own body (greater effect
            due to later first births, earlier menarche, etc.) and from oral contraceptives.1927 The connection between pesticides and breast cancer is thus theoretically based on
            the idea that some of these pesticides can mimic estrogens, increase the female estrogenic
            load and cause excess cancer. However, there are several problems with this interpretation.1928 For one thing, DDT, DDE and PCB are weak estrogens and it is known that they can
            have both a boosting and an inhibiting effect on cancer in animals.1929 For another, high occupational exposure of PCBs and other organochlorines to women
            does not seem connected to any increase in breast cancer frequency.1930 Third, the incidence of breast cancer has been increasing while concentrations of DDT, DDE and PCB in the environment have fallen.1931 In the words of the National Research Council: “It seems unlikely that a declining
            exposure would be responsible for an increasing incidence of cancer.”1932

         
         Moreover, a study from the National Cancer Institute of breast cancer incidences for
            different regions of the US for blacks and whites showed a surprising result. Whereas
            the white women of the Northeast have higher relative breast cancer mortality rates,
            the rates for black women in this region is not higher than in other regions. This
            indicates that “widespread environmental exposures are unlikely to explain the higher
            relative breast cancer mortality rates observed for U.S. white women in the Northeast.”1933

         
         Already in 1994, a meta-study of the five small, available studies on breast cancer
            and synthetic estrogens concluded that “the data do not support the hypothesis that
            exposure to DDE and PCBs increases risk of breast cancer.”1934 The National Research Council in its latest review reached the same conclusion.1935

         
         Since then, seven large studies (with more than 100 women) and four smaller studies
            have been published.1936 In 1999, the British advisory committee on carcinogenicity of chemicals to the UK
            Department of Health published its conclusions, based on the available studies on
            breast cancer and synthetic estrogens. For DDT, it found that only two, relatively
            small studies had found an association, whereas one large study had found a reverse association (more DDT, less breast cancer).1937 Thus, in conclusion, the committee stated that “overall, there is no convincing evidence
            from epidemiological studies for an elevated relative risk of breast cancer in association
            with DDT.”1938

         
         For dieldrin, only two studies had tested the connection, one finding no relationship,
            the other finding a positive association. However, the study in question had tested
            46 different associations, making it plausible that the single, statistical find was
            a “chance finding.”1939 Moreover, in studies of rats and mice, it has not been possible to show any estrogenic
            activity of dieldrin.1940 Finally, occupational studies of dieldrin show no excess cancers.1941 Consequently, the committee finds that “there is no convincing evidence from epidemiological studies for an elevated relative
            risk of breast cancer associated with dieldrin.”1942

         
         Of the three studies that have examined β-HCH and lindane, none has found evidence
            for an association with increased risk of breast cancer for either compound.1943

         
         In 1999 the National Research Council of the American Academy of Sciences, sponsored
            by the US EPA among others, examined the evidence for synthetic estrogens’ effect
            on cancer risks.1944 Its summary conclusion on breast cancer sounded much like the British verdict: “An
            evaluation of the available studies conducted to date does not support an association
            between adult exposure to DDT, DDE, TCDD, and PCBs and cancer of the breast.”1945

         
         We now have the data, and they supply no evidence as to synthetic chemicals causing
            breast cancer.
         

         
         Synthetic estrogens: should we worry?

         
         Our latest chemical fear of pesticides seems surprisingly unfounded. The reduction
            in sperm quality is for the most part likely to be a result of using New York statistics
            and the fact that we have more sex – at worst it is a decline that is only partial
            and local. It is not backed up by fertility studies.
         

         
         The cocktail effect simply did not hold up.

         
         With regards to breast cancer, the two newest summaries on all the available evidence
            show that synthetic estrogens do not cause breast cancer. Actually, the National Research
            Council focused not only on breast cancer but also on endometrial, prostate and testicular
            cancers, since these cancers arise in hormonally sensitive tissues, and any synthetic
            estrogenic effect should therefore be most readily observable here.1946 And the NRC did not find any connection here either.
         

         
         Take the case of testicular cancer. Here, the NRC observes that while incidence has
            been increasing for white men over the past 40 years, it has been decreasing for black
            men, although they have much higher blood concentrations of PCBs, DDE and DDT.1947 Moreover, levels of DDT and its breakdown components have been declining in both
            blood and breast milk over the past 40 years. The committee therefore concludes that
            “increasing testicular cancer incidence rates in northern European countries and in
            North America are unlikely to be related to environmental DDT.”1948

         
         Looking at all the studies available, the general conclusion is that, “individually
            and as a group, these studies do not support an association between DDE and PCBs and
            cancer in humans.”1949

         
         In 1998 the US EPA Science Policy Council stated its interim position on synthetic
            estrogens in a lengthy report.1950 The report looks into a whole series of problems and, with regard to the hypothesis
            about the fall in sperm quality, it says that Skakkebæk’s data are geographically
            diffuse, that the pre-1970 data are inadequate, and that “a systematic decrease in
            abstinence interval could explain much of the purported decrease in sperm concentration
            and semen volume.”1951 The EPA concludes that Skakkebæk’s conclusions should therefore be considered “tenuous.”1952

         
         In its overall evaluation of the estrogen problems, the EPA writes, “with few exceptions
            (e.g., DES) a causal relationship between exposure to a specific environmental agent
            and an adverse effect on human health operating via an endocrine disruption mechanism
            has not been established.”1953

         
         This does not of course mean that we should not do research in these areas to expand
            our knowledge, but it does mean that we must be more cautious of using scary slogans
            like “our stolen future.”
         

         
         We did not see another “harvest of a Silent Spring” with the estrogenic effects of
            pesticides. And as documented earlier, we did not see a silent spring from pesticides
            causing cancer either. This, of course, raises the question whether phasing out pesticides
            really is such a good idea.
         

         
         
         Conclusion: should we use pesticides?

         
         In 1989, the US had its most spectacular example yet of pesticide worries versus risk
            facts, when 60 minutes had the nation worrying about the apple pesticide Alar. Supposedly the “most dangerous
            chemical residue,” the risk was later found to be grossly overstated and was adjusted
            downwards by a factor of 20.1954 Compared with other natural and synthetic pesticides, the average intake in 1988
            was still about 100 times less risky than drinking three cups of coffee each day,
            as can be seen in Figure 127.1955 But the public outcry and worry stopped the use of Alar.1956 Was this a good move? Should we ban more or maybe all pesticides?
         

         
         Many people and organizations would be inclined to answer yes – we should stop using
            pesticides. Al Meyerhoff from Natural Resources Defense Council argued that many forms
            of cancer were on the rise, not least in children, and claimed that “mounting evidence
            suggests a strong correlation between pesticide exposure and the development of cancer
            in humans.”1957 The problem is pesticides. “Exposure to these deadly chemicals can cause cancer,
            birth defects, and neurological damage.” The conclusion? “We must get rid of pesticides
            in the food supply.”
         

         
         Similar claims were made at the World Breast Cancer Conference in Ottawa in 1999.
            Here Elizabeth May, Executive Director of Sierra Club of Canada, pointed out that
            increases in breast cancer rates are parallel and linked with the increased presence
            of pesticides in the environment.1958 Peggy Land, the Director of the pesticides campaign for the Sierra Club, added that
            “we need to put our health ahead of the bank accounts of pesticides companies, and
            to reclaim our right to live without these poisons.”1959 The solution? “We need a moratorium on these toxic chemicals until we have established
            their safety through improved testing-standards.”
         

         
         These attitudes are also reflected in national surveys, where 45 percent of all Americans
            find that pesticide use is unsafe, even when applied according to approved directions.1960 62 percent actually found that the “dangers to human health posed by pesticides outweigh
            their benefits.”1961

         
         But as we have seen throughout this section, the fear of cancer and the fear of the
            estrogenic effects from pesticides are pretty groundless. We have no reason to assume
            that pesticides affect our hormonal balance to any appreciable degree. And at the
            same time, pesticides contribute astoundingly little to deaths caused by cancer. If
            we employ a no-threshold model, pesticides cause a maximum of 1 percent of all cancer-related
            deaths, although this estimate is probably far too high for a variety of reasons.
            All six studies reviewed and the three largest and most recent studies of the causes
            of cancer concur that pesticides’ contribution to cancer is vanishingly small.
         

         
         We possess only extremely limited knowledge from studies involving humans, and by
            far the majority of our evaluations of carcinogenic pesticides are based on laboratory
            experiments on animals.1962 The studies show us, however, that three daily cups of coffee or one gram of basil
            a day is more than 60 times as risky as the most toxic pesticide at current levels
            of intake. This emphasizes that our fear of pesticides causing cancer is quite exaggerated,
            and that the overall cancer effect of pesticides is negligible, even when estimated
            from animal experiments. A plausible estimate for the excess annual cancer mortality
            due to pesticides in the US is probably close to 20 extra cancer deaths out of 560,000.
            For comparison, about 300 Americans die each year drowning in their bathtub.1963

         
         Even so, one could maintain that the argument above has quite rightly shown that pesticides
            cause very few cancer deaths but if just one person dies then this should be reason
            enough for us to reduce seriously or even phase out pesticides. Even if we only assume that the excess cancer possibility might exist, we ought for reasons of caution to
            refrain from using pesticides.
         

         
         
         Obviously we should, for reasons of caution, minimize individuals’ intake of pesticides
            as long as doing so does not have other, more costly consequences. But the problem
            with the above desire to avoid or to completely ban the use of pesticides so as to
            avoid a minuscule excess cancer load is that it does not take into account far more
            major side-effects.
         

         
         There are great advantages to pesticide use. Even one of pesticides’ most ardent critics,
            Professor David Pimentel, found that the net social value of pesticides in the US
            is about $4 billion annually, even though he used a method that systematically skews
            the results against pesticides.1964

         
         More relevant is to measure the total cost to society from a partial or complete phase-out
            of pesticides.1965 The most recent US estimate of phasing out a particular group of pesticides – the
            so-called organophosphates and carbamates, constituting about half of all US pesticides
            – finds that the total cost would be about $17 billion annually.1966

         
         Of course, in different political settings around the world, different attitudes to
            pesticides make across-the-board bans more or less plausible. Certainly, in the US
            there is no widespread political support for banning all pesticides, though the complete
            banning of organophosphates and carbamates was included in the debate around the implementation
            of the 1996 Food Quality Protection Act.1967 In many European debates, however, the mood is somewhat more radical, and in Denmark
            the option to reduce drastically or completely phase out all pesticides has been voiced
            by a parliamentary majority.1968

         
         Consequently, the Danish Parliament unanimously established a national committee to
            conduct a two-year study of all effects from pesticides, and to evaluate the overall
            consequences of a partial or complete ban on pesticide use in Denmark.1969 Unlike some of the American economic estimates which have been criticized for conflicts
            of interest,1970 this is a consensus committee with appointed chairmen from the Danish EPA and members
            from conventional and organic agricultural organizations, academia, green organizations
            and consumers’ organizations.1971 The conclusions were published in 1999, over a thousand pages, spanning seven volumes
            and building on approximately ten times the amount of commissioned background papers.1972

         
         The conclusion was that a limited optimization of pesticide use was possible at a
            cost of 2–3 percent to the farmer, and the cost to society was considered insignificant,
            though not modeled.1973 The estimate required total information on weather and damage impacts, which in some
            areas were considered hard or impossible to obtain at present, making this a somewhat
            best-case estimate.1974 The total pesticide reduction, calculated in crop treatment frequency, would amount
            to 29 percent.1975

         
         For further reductions in pesticide use, the committee looked at a scenario with limited
            use of pesticides, where pesticides would only be allowed to treat significant pests.1976 The pesticide reduction in this scenario is about 76 percent.1977 The total social cost was estimated at 0.4 percent of GNP, about $500 million annually,
            or the value of about 9 percent of total agricultural output.1978 Translated to the US, the loss from limited use of pesticides would be roughly equivalent
            to a yearly $11–37 billion, an estimate roughly comparable to the above-mentioned
            $17 billion from banning organophosphates and carbamates.1979

         
         Finally, the complete phase-out of pesticides was estimated to carry a social price
            tag of 0.8 percent of GNP or about $1 billion annually.1980 A rough translation to the US is about $23–74 billion per year.1981 However, since EU legislation prohibits member countries from restricting imports
            of agricultural products produced with pesticides, this cost only reflects less marketable
            produce, whereas produce import is assumed to be upheld and probably increased substantially.1982 Thus, animal production will still be using imported, pesticide-grown grains.
         

         
         The committee also evaluated the total cost of transition to an organic society, where all animal feed is also produced without
            pesticides. Here, the social costs for Denmark are about 3 percent of GNP or $3.5
            billion,1983 roughly equivalent to $93–277 billion per year in the US.1984

         
         Thus, to the extent that it is possible to reduce pesticide use at a low cost, it
            seems prudent to do so.1985 However, a more substantial reduction in pesticide use will incur major costs to
            society.
         

         
         One might, of course, still believe a more comprehensive pesticide reduction to be
            a good investment. After all, the US is a rich country and could afford to spend about
            $20–300 billion every year to save upwards of twenty people a year from dying of cancer.
            This works out at a minimum $1 billion per saved life. Our initial reaction may be
            to say that we should save lives, no matter the cost. However, such an argument has
            to consider whether such an amount of money could not have been spent better. We saw
            in the section on indoor air pollution how radioactive radon gas, naturally seeping
            from underground, costs about 15,000 lives in the US. With a regulatory program to
            identify, test and mitigate radon, we could save about 800 lives at a cost of a little
            less than $1 million per life.1986 Thus, for the same amount of money, say $1 billion, we could save about one person
            (and quite plausibly less) through pesticide reductions or we could save 1000 persons
            through radon reductions. Should we then not spend the money where it does the most
            good?
         

         
         What is more serious, however, is that not only does it cost money to phase out pesticides,
            it will also cause a lot of deaths from cancer.1987

         
         Pesticides help to make fruit and vegetables cheaper because they improve crop yields.
            In the Danish scenarios, a total ban on pesticides would reduce yields by 16–84 percent,
            causing price increases of 30–120 percent.1988 First, this scenario would take up more countryside because it would be necessary
            to cultivate more soil, which would probably also be less fertile.1989 Second, it would mean that people would eat less fruit and fewer vegetables because
            these would become more expensive. The share of income spent on food would increase
            substantially. It is estimated that limitations on the use of pesticides would increase
            costs by around 10 percent; a comprehensive ban would perhaps double the proportion
            a North American or European family spends on food from the 8 to 20 percent today.1990 We know that the less money they have to spend, the less fruit and fewer vegetables
            people eat.1991 Instead low-income families will buy more primary starch, more meats and consume
            more fat.1992 In addition it can be expected that the quality of foodstuffs would fall and less
            would be available during the winter months.1993

         
         The consequences in terms of cancer frequency could be significant. The World Cancer
            Research Fund study estimates that increasing the intake of fruit and vegetables from
            an average of about 250 g/day to 400 g/day would reduce the overall frequency of cancer by around 23 percent.1994 The American average intake of fruit and vegetables is about 297 g/day.1995 Thus, a decrease of just 10 percent in fruit and vegetable consumption in the US
            because of higher prices would cause an increase in cancer of about 4.6 percent of
            the total number of cancers or some 26,000 surplus cancer deaths in the US.1996 Moreover, other studies seem to indicate that death rates from non-cancer diseases
            such as ischaemic heart disease and cerebrovascular disease would also be substantially
            increased.1997

         
         The World Cancer Research Fund study emphasizes that increasing people’s intake of
            fruit and vegetables is absolutely vital if cancer frequency is to be reduced – but
            no mention is made of how this can be achieved.1998 The objective of increasing consumption of fruit and vegetables is backed by the
            National Research Council study, but once again the discussion focuses on the medical
            aspects and does not suggest how increased consumption can be achieved.1999 The Canadian Cancer Society, on the other hand, emphasizes the necessity of looking at both economy and
            health when policy is being made. “The Panel does not believe that any increase in
            intake of pesticide residues associated with increased intake of fruits and vegetables
            poses any increased risk of cancer and, in any case, believes that any risks, however
            small, are outweighed greatly by the benefits of such a diet.”2000 At the same time, “the Panel recognizes the importance of pesticide use toward enhanced
            crop production and food quality and the associated impact on declining costs of fruits
            and vegetables, concomitant increase in consumption, and resulting positive effect
            on declining cancer risks.”2001

         
         The respected journal Science is more blunt:
         

         
         Fruit and vegetables are subject to attack by pests that include hundreds of species
            of fungi. If the number of permissible fungicides is reduced so that few are available,
            fungi will destroy crops. Were synthetic fungicides not available, experts have said
            that production of apples would be reduced 40 percent; grapes 33 percent, peaches
            49 percent, and strawberries 38 percent. Production of most vegetables also would
            be decreased. Prices would rise. Low-income people would be victims.2002

         
         Astounding as it may seem, the choice is fairly clear. If we choose to remove pesticides
            from agricultural production we will get food and water without these substances.
            It will probably also mean that we can avoid some twenty deaths a year. The cost,
            on the other hand, would be at least $20 billion a year, putting more of the countryside
            under the plow and allowing perhaps 26,000 more people to die of cancer a year.2003
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         23 Biodiversity2004

         
         We lose something in the region of 40,000 species every year, 109 a day. One species
            will be extinct before you have finished reading this chapter.
         

         
         This was what we were told 22 years ago when Norman Myers first published his book
            The Sinking Ark in 1979.2005 The message was relayed to the world at large in the official US environment report
            Global 2000.2006 After this it became part of our shared consciousness: Former US vice-president Al
            Gore repeats the figure of 40,000 species in his Earth in the Balance,2007 the popular science magazine Discover tells us that half the species we know today will be extinct within the next 100
            years,2008 and the famous Harvard biologist E. O. Wilson points out that we are losing between
            27,000 and 100,000 species a year.2009 Not to be outdone, professor Paul Ehrlich even estimated in 1981 that we lose some
            250,000 species every year, with half of the Earth’s species gone by the year 2000
            and all gone by 2010–25.2010

         
         Although these assertions of massive extinction of species have been repeated everywhere
            you look, they simply do not equate with the available evidence.2011

         
         The story is important, because it shows how figures regarding the extinction of 25–100
            percent of all the species on Earth within our lifetime provide the political punch
            to put conservation of endangered species high on the agenda. Punch which the more
            realistic figure of 0.7 percent over the next 50 years would not achieve to the same
            degree.
         

         
         How many species are there?

         
         Since life on Earth began with the first bacteria 3.5 billion years ago, species getting
            blotted out has been part and parcel of evolution. Those species which could not survive
            became extinct. Extinction is the ultimate destiny of every living species.2012

         
         However, the rate at which species have become extinct has fluctuated over the various
            periods, and the number of species has generally increased up to our time, as can
            be seen in Figure 130. Never before have there been so many species as there are now. The growth in the
            number of families and species can be accredited to a process of specialization which
            is both due to the fact that the Earth’s physical surroundings have become more diverse
            and a result of all other species becoming more specialized.2013 Even so, there have been several major occurrences of extinction – the best known of these is probably
            the last break in the curve 65 million years ago when most of the dinosaurs became
            extinct, but the most serious one occurred 245 million years ago when around half
            of all marine animals and four-legged vertebrates and two-thirds of all insects were
            wiped out.2014
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         Figure 130 Number of families of marine animals, insects and four-legged vertebrates, and species
            of land plants, from 600 million years ago to the present. Source: UNEP 1995:204,
            206, 207.
         

         
         
         
         
         The information on past extinctions and number of species is based purely on the uncertain
            record of fossil finds, but in this respect we are actually no better off today. We
            do not know the true number of species inhabiting the Earth. The estimated number
            fluctuates between a paltry 2 million and a prodigious 80 million species. Only about
            1.6 million species have been counted to date, as can be seen from the estimates in
            Table 6. By far the majority of these species are to be found among the insects, such as
            beetles, ants, flies, as well as worms, fungi, bacteria and viruses. We have already
            found most of the mammals and birds – they are large and easy to recognize. On the
            other hand, our knowledge of the many small creatures can hardly be anything but fragmentary,
            and describing them is, of course, nowhere near as prestigious.
         

         
         
         

         
         Table 6 Number of species and documented extinctions from the year 1600 to the present day.
            Note that because of the severe requirements for documenting extinctions these figures
            certainly underestimate their true number. Source: Baillie and Groombridge 1997; Walter
            and Gillett 1998; May et al. 1995:11; Reid 1992:56.
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         The attempt to find out how many species exist has given rise to some pretty ingenious
            methods. The biologist Erwin sprayed insecticide in the upper foliage of the rainforest
            so as to count the number of species that fell out of the trees.2015 By comparing the number of overlapping species from the various areas, one can obtain
            a rough estimate of the number of new species per square meter. This can be used to
            produce estimates for larger areas and ultimately the entire globe.
         

         
         Researchers have also made use of the observation that the larger animals are, the
            fewer the number of species (there are very few species the size of elephants but
            masses the size of beetles).2016 Both the Erwin extrapolation and the size–number extrapolations give us the currently
            best estimates of 10–80 million species.
         

         
         Because of the considerable variations in the estimated number of species, it is therefore
            best to discuss extinction in terms of percentage loss per decade.
         

         
         Is biodiversity important?

         
         It is necessary to ask the somewhat irreverent question why there is any reason at
            all to worry about the loss of species. Many reasons can be given.
         

         
         The first of these is human-centered: we are fond of wild animals and plants because
            they make it a pleasure for us to exist on a fascinating, living planet. However,
            the species we are thinking of are probably “large species” such as tigers, whales,
            albatrosses, parrot fish and teak trees.2017 It is most unlikely to be the millions of black beetles, flies and fungus spores.
            So this argument for preservation is pretty selective.
         

         
         One frequently hears the idea that the rainforest functions as a medicine stockpile.2018 It is true that many medicines used to originate in plants – aspirin from willow
            trees, heart medicine from foxgloves – although most of this medicine is now produced synthetically.
            The problem is that most of the time we do not know where to start looking.2019 For this reason, indigenous natural medicine is investigated in the search for leads.
            This is one argument for conserving plants (if necessary in botanical gardens) that
            have been noted as potential sources of medicine. But so long as we do not even have
            any practical means of analyzing even a fraction of those plants already known to
            us, this cannot be used as a general argument for the protection of all species, for
            example in the rainforest.
         

         
         Pimentel and other researches have tried to evaluate the total worth of biodiversity.
            When counting up the many human uses of nature (for ecotourism, waste disposal, pollination,
            crop breeding, etc.) this results in some remarkably large annual values from $3–33
            trillion or 11–127 percent of the world economy.2020 These high values have then been used as general arguments as to the importance of
            biodiversity.2021 While such estimates have been criticized largely because many of the ecosystem services
            have no market,2022 the main problem with regard to biodiversity is that the relevant cost is not that
            of the whole ecosystem – no one is suggesting or expecting that we remove all species
            or ecosystems – but the value of losing the last beetle of a million species of beetles.
            Here, several analyses show that the human value of the final species of plants or
            animals for medicine is extremely low – mainly because we have either found what we
            were looking for long before getting to the end of the line, or because to search
            all the way through all species would have been fantastically expensive.2023

         
         Genetic diversity is crucial to the survival of our crops. This argument is true since
            our main crops (wheat, maize, rice, yams, etc.) are cultivated from just a few, extremely
            high-yielding strains. The standard example is stripe rust, which threatened the world’s
            wheat harvest in the late 1960s. The disease was dealt with by using genetic material
            from a wild strain of wheat from Turkey.2024 Today we have extensive gene libraries in which many of these species are stored:
            the US Agricultural Research Service National Small Grains Collection in Aberdeen,
            Idaho, holds some 43,000 specimens.2025 Again, the question is not whether it is a good idea to preserve the gene pool of
            our crops but whether this can be used as a reasonable argument for preserving all
            sorts of other species.
         

         
         How many go extinct?

         
         In the natural environment species are constantly dying in competition with other
            species. It is estimated that more than 95 percent of all species that have ever existed
            are now extinct.2026 A species typically survives 1–10 million years.2027 Translated to the case of our described 1.6 million species, we must reckon with
            a natural extinction of around two species every decade.2028 Table 6 shows that about 25 species have become extinct every decade since 1600. Thus, what
            we see is clearly not just natural extinction. Actually, mankind has long been a major
            cause of extinction. Around the time of the last ice age, about 33 major families
            of mammals and birds were eradicated – an extremely large number, considering only
            13 families had become extinct within the 1.5 million years prior to that.2029 It is presumed that Stone Age man hunted these 33 families to extinction.
         

         
         The Polynesians have colonized most of the 800 or so islands in the Pacific over the
            last 12,000 years. Because the birds on these islands had developed without much competition
            they were extremely easy to catch and were therefore frequently hunted to extinction.
            By studying bones from archaeological excavations it has been estimated that the Polynesians
            in total have eradicated around 2,000 species of birds, or more than 20 percent of
            all current bird species.2030

         
         Mankind, then, has long been a cause of an increase in the extinction rate. But when
            we look at the last 400 years, there are other things to consider as far as extinction
            is concerned. For one thing, in order to document extinction, one must have looked
            for the species for several years wherever it may exist.2031 A task of this magnitude requires a lot of resources, which reduces the number of
            documented cases of extinction to a minimum. For another thing, there is much greater
            focus on mammals and birds than on the other groups.
         

         
         Thus, when discussing the extinction of species the best-documented rates come from
            mammals and birds. In their case, the documented rate has been increasing over the
            last 150 years from one species every four years to one a year.2032 Some of this increase could be explained by an increase in the number of professional
            biologists, interested ornithologists, and animal lovers to observe any examples of
            extinction that may occur, but there has undoubtedly been an increase in extinction.
         

         
         The point is, however, that there is still an awfully long way to go to 40,000 species
            every year.
         

         
         The claim of 40,000 species

         
         The original estimate of 40,000 species lost every year came from Myers in 1979.2033 His arguments make astonishing reading. He states, as above – though without references
            – that until the year 1900, one species became extinct every four years and after
            that one species every year. Then Myers quotes a conference in 1974, which “hazarded
            a guess” that the extinction rate had now reached 100 species a year.2034 This figure does not just cover mammals and birds, but is an “overall extinction
            rate among all species, whether known to science or not,”2035 and is not surprisingly, therefore, much larger. The crucial part of the argument
            is this:
         

         
         Yet even this figure seems low … Let us suppose that, as a consequence of this man-handling
            of natural environments [the clearing of tropical forest], the final one-quarter of
            this century witnesses the elimination of 1 million species – a far from unlikely
            prospect. This would work out, during the course of 25 years, at an average extinction
            rate of 40,000 species per year, or rather over 100 species per day.2036

         
         This is Myers’ argument in its entirety. If we assume that 1 million species will
            become extinct in 25 years, that makes 40,000 a year. A perfectly circular argument.
            If you assume 40,000, then you get 40,000. One naturally refuses to believe that this
            can be the only argument, but Myers’ book provides no other references or argumentation.
            Note the massive deviation between the observed rate of one quarter, one and perhaps
            100 per year and Myers’ estimate of 40,000. This assertion is 40,000 times greater
            than his own data, 10,000 times the latest observed rate and 400 times the maximum guess as seen in Figure 131.
         

         
         It was, however, the figure of 40,000 that reached millions of people the world over.
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         Figure 131 Estimate of extinction rates from 1600 to 1974, plus Myers’ estimate for 1980. Source:
            Myers 1979:5.
         

         
         
         
         A model backup

         
         In 1980, an extremely influential environment report entitled Global 2000, was published at the request of the American President Jimmy Carter. Among many
            other issues, the report looked into the extinction of species. Here, the WWF biologist
            Thomas Lovejoy repeated Myers’ assertion that 15–20 percent of all species would be
            lost by the year 2000.2037 At the same time, however, Lovejoy constructed a model to back up Myers’ controversial
            figure of 40,000. Lovejoy’s model is in reality attractively simple. A large part
            of all species are found in the tropical rainforests. If we simply allow the rainforests
            to remain in place nothing will happen. If we cut down all the rainforest, practically
            all the species will disappear. Lovejoy then assumes that if half the forest is cut
            down, a third of the species will disappear.2038

         
         And there you have it. With an estimated 50 percent to 67 percent reduction in rainforest in 20 years we get a localized reduction
            in the number of species of 33–50 percent. Lovejoy estimates that this will lead to
            an overall reduction in the number of species in the world of approximately 20 percent.2039

         
         
         What do we lose?

         
         To the Western world, this contribution cemented the significance of the rainforests.
            If we ignore the brief flirtation with the rainforests as “lungs of the Earth” (which
            was a false story),2040 biodiversity is now the primary reason for our wanting to save the rainforest.
         

         
         But what exactly is it claimed will die out? Many people believe that it is a question
            of elephants, gray whales and the broad-leaved mahogany. But no, far more than 95
            percent of the species consist of beetles, ants, flies, microscopic worms and fungi,
            as well as bacteria, algae and viruses.2041 It is not clear how much political backing the rainforest lobby could have attracted
            if the biologists had emphasized that what would be lost would primarily be insects,
            bacteria and viruses.2042

         
         But the most important thing, of course, is whether the simple correlation between
            cleared rainforest and species loss actually holds water.
         

         
         Models and reality

         
         The correlation between the number of species and area was formulated by the biologist
            E. O. Wilson in the 1960s.2043 The model seem appealingly intuitive.2044 Its logic is that the more space there is, the more species can exist. The theory
            was launched in order to explain the number of species on islands, and it works well
            in this context. Wilson formulated a rule of thumb: if the area is reduced by 90 percent,
            then the number of species will be halved.2045 But the question is, of course, whether the theory for islands can be used on large
            and forested areas such as rainforests. If islands get smaller, there is nowhere to
            escape. If, on the other hand, one tract of rainforest is cut down, many animals and
            plants can go on living in the surrounding areas.
         

         
         One obvious thing to do would be to look at our own experiment, the one carried out
            in Europe and North America. In both places, primary forest was reduced by approximately 98–99 percent. In the US, the eastern
            forests were reduced over two centuries to fragments totaling just 1–2 percent of
            their original area, but nonetheless this resulted in the extinction of only one forest
            bird.2046

         
         The largest tropical study of the correlation between rainforest and the extinction
            of species was carried out in Puerto Rico by Ariel Lugo of the United States Department
            of Agriculture. He found that the primary forest had been reduced by 99 percent over
            a period of 400 years. “Only” seven out of 60 species of birds had become extinct
            although the island today is home to 97 species of birds.2047 This indicates a serious problem with Wilson’s rule of thumb. And what is perhaps
            more astonishing is that even though the area of primary forest on Puerto Rico was
            reduced by 99 percent they ended up with more species of birds!2048

         
         We get some idea of how to understand the situation when we are told that the overall
            forest area of Puerto Rico never fell below 10–15 percent. Our mistake is to believe
            that all cleared rainforest is simply razed and left barren. In fact, FAO figures
            show that about half of all tropical forest that is cut down is converted to secondary
            forest.2049

         
         The biologists’ reaction

         
         The issue of biodiversity resembles the classic battle between model and reality.
            The biologists acknowledge that there is a problem when it comes to the figures. Myers
            says that “we have no way of knowing the actual extinction rate in the tropical forests,
            let alone an approximate guess.”2050 Colinvaux admits in Scientific American that the rate is “incalculable.”2051 Even so, E. O. Wilson attempts to put a lid on the problem with the weight of his
            authority: “Believe me, species become extinct. We’re easily eliminating a hundred
            thousand a year.”2052 His figures are “absolutely undeniable” and based on “literally hundreds of anecdotal
            reports.”2053

         
         One prominent conservationist admitted in Science that “the lack of data does worry me.”2054 Worried about the reaction from the other biologists, he demanded to remain anonymous,
            because “they’ll kill me for saying this,” as he put it. Although “kill” is presumably
            intended to be taken in the metaphorical sense, it does rather emphasize that the
            biologists have a clear opinion of where the debate between figures and models should
            end. There are many grants at stake.
         

         
         Similarly, Ariel Lugo explains that “no credible effort” has yet been made to pin
            down the scientific assumptions behind the mega-extinction scenario.2055 “But,” he adds, “if you point this out, people say you are collaborating with the
            devil.”2056

         
         Check the data

         
         In 1990, the IUCN decided to join this discussion.2057 The IUCN is the World Conservation Union which maintains the official Red List of
            threatened animals, and it organizes the BCIS, which is the largest biodiversity and
            conservation program in the world. Its American members include government organizations
            such as NOAA, USAID, USDA, the Fish and Wildlife Service, and the National Park Service,
            as well as green organizations such as the Natural Resources Defense Council, the
            Environmental Defense Fund, and the US World Wide Fund for Nature.
         

         
         The result can be read in the book by Whitmore and Sayer published in 1992 – and its
            conclusions do not exactly make boring reading. Heywood and Stuart point out that
            the recorded extinction figures for mammals and birds (see Table 6) are “very small.”2058 If the extinction rates are similar for other species and if we assume 30 million
            species, we get an annual extinction rate of 2,300 or 0.08 percent a decade.2059 Since the area of the rainforest has been reduced by approximately 20 percent since
            the 1830s, “it must be assumed that during this contraction, very large numbers of
            species have been lost in some areas. Yet surprisingly there is no clear-cut evidence for this.”2060

         
         One of the few examples of extinction appears in a paper by Gentry, who reported that
            90 species had become extinct when a ridge in the foothills of the Ecuadorian Andes
            had been cleared.2061 The biologists often mention this story as a fine example of documented extinctions.2062 Wilson counts it as a valuable anecdotal report: “One of the famous examples is a
            mountain ridge in Ecuador. In a relatively small ridge of a few square kilometers,
            they found something like 90 species of plants found nowhere else. Between 1978 and
            1986, farmers cleared the ridge and extinguished most of the species in one shot.”2063 In two brief return visits six years later, Gentry refound at least 17 of the previously
            assumed lost species.2064

         
         As we saw above in the chapter on forests, about 86 percent of the Brazilian Amazon
            rainforest is still intact.2065 On the other hand, Brazil’s Atlantic rainforest had been almost entirely cleared
            in the nineteenth century, with only 12 percent extremely fragmented forest left.
            According to Wilson’s rule of thumb, one ought to expect half of all the species to
            have become extinct. However, when members of the Brazilian Society of Zoology analyzed
            all 171 known Atlantic forest animals, the group “could not find a single known animal species which could be properly declared as extinct, in spite
               of the massive reduction in area and fragmentation of their habitat.”2066 And 120 animals in a secondary list “show no species considered extinct.”2067 Similarly no species of plants was reported to have become extinct.2068 The zoologists allege that “closer examination of the existing data … supports the
            affirmation that little or no species extinction has yet occurred (though some may
            be in very fragile persistence) in the Atlantic forests. Indeed, an appreciable number
            of species considered extinct 20 years ago, including several birds and six butterflies,
            have been rediscovered more recently.”2069

         
         Several scientists have investigated asserted extinction rates of 15 percent for birds
            up until 2015. Heywood and Stuart write that after thorough research on 1,000 birds
            that have been claimed to become extinct, they have been able to ascertain that –
            primarily because of conservation efforts – “relatively few of these species are likely
            to become extinct by 2015.”2070

         
         Despite the fact that the IUCN predicts higher extinction rates it is concluded that
            “actual extinctions remain low.”2071 Holden points out in the preface that calculations and observations simply do not
            match up: “The coastal forests of Brazil have been reduced in area as severely as
            any tropical forest type in the world. According to calculation, this should have
            led to considerable species loss. Yet no known species of its old, largely endemic,
            fauna can be regarded as extinct.”2072

         
         In fact, the latest model calculations seem to back the observations. Biologists Mawdsley
            and Stork have shown, on the basis of information from Great Britain, that there is
            a fairly constant relationship between the rates of extinction of different species.
            If this model is used it is actually possible to estimate the number of extinct birds
            from the number of extinct insects and, amazingly, these figures fit very well.2073 Using this model it is possible to show that since 1600, 0.14 percent of all insects
            have died out, or 0.0047 percent per decade. But as we saw above, the extinction rate
            is on its way up. For this reason – and for safety’s sake – Mawdsley and Stork use
            an extremely high estimate by Professor Smith which says that the extinction rate
            will increase 12- to 55-fold over the next 300 years.2074 This still means that the extinction rate for all animals will remain below 0.208
            percent per decade and probably be about 0.7 percent per 50 years.2075

         
         An extinction rate of 0.7 percent over the next 50 years is not trivial. It is a rate
            about 1,500 times higher than the natural background extinction.2076 However, it is a much smaller figure than the typically advanced 10–100 percent over the next 50 years (equal to some 20,000 to 200,000 times the background rate).2077 Moreover, to assess the long-term impact, we must ask ourselves whether it is likely
            that this extinction rate will continue for many hundreds of years (accumulating serious
            damage) or more likely will be alleviated as population growth decelerates and the
            developing world gets rich enough to afford to help the environment, reforest and
            set aside parks (see development in forest area till 2100, Figure 150, p. 283).2078

         
         This estimate of 0.7 percent per 50 years also concurs with the estimate from the
            UN Global Biodiversity Assessment. Here, the authors are very careful, stating that “the rate at which species are
            likely to become extinct in the near future is very uncertain,” and taking note of
            “the discrepancy between field knowledge and predictions.”2079 The final summary does not state actual extinction rates but only expresses them
            relatively in that “the rate of extinction today is hundreds, if not thousands, of
            times higher than the natural background rate.”2080 This translates into an extinction rate of 0.1–1 percent per 50 years.2081

         
         The biologists’ response

         
         Unfortunately, when it comes to the crunch, observations do not seem to satisfy most
            biologists. Wilson continues to say “believe me.” As late as 1999 Myers actually reaffirmed
            his estimate of about 40,000 species, telling us that “we are into the opening stages
            of a human-caused biotic holocaust.”2082

         
         The summary article of Western and Pearl’s Conservation for the Twenty-First Century repeats the assertion of 15–25 percent extinction by the year 2000. They point out
            that “while the figures and the impact of such extinctions are debatable, the more
            pervasive impact to our planet is not.”2083

         
         According to Professor Ehrlich, we do not know just how many species are becoming
            extinct each year. Yet, “biologists don’t need to know how many species there are,
            how they are related to one another, or how many disappear annually to recognize that
            Earth’s biota is entering a gigantic spasm of extinction.”2084 This is a most surprising statement. Apparently it alleviates scientists of the need
            to demonstrate the amount of losses as long as they can feel they are right. Such a statement seems to abandon the ordinarily assumed duty of
            scientists to objectively gather evidence to help society make real, well-informed
            choices.
         

         
         Jared Diamond, a professor at UCLA and the author of well-known books such as The Third Chimpanzee and the Pulitzer Prize winner Guns, Germs and Steel, actually develops Ehrlich’s idea. He emphasizes that we can only know something
            about the familiar species in the developed part of the world (where practically no
            extinction has taken place). For this reason we ought to reverse the burden of proof
            and assume that all species are extinct unless their existence can be proven.2085 “We biologists should not bear the burden of proof to convince economists advocating
            unlimited human population growth [overconfident economists] that the extinction crisis
            is real. Instead, it should be left to those economists to fund research in the jungles
            that would positively support their implausible claim of a healthy biological world.”2086

         
         Having the attitude that in scientific discourse on species extinction it is unnecessary
            to provide evidence is, of course, problematic. The biologists seriously argue that
            any skeptic should himself go to the jungle and carry out the biologists’ research,
            because the biologists already know that things are going askew. In reality, of course, they are asking society for a
            blank check to prevent something which is claimed to be a catastrophe (50 percent
            over the next 50 years) but which is not supported by data (indicating a problem in
            the region of 0.7 percent over the next 50 years).
         

         
         
         Conclusion: what are the consequences of seriously overstating the extinctions?

         
         Taking the biologists’ warnings about the extinction of species has consequences for
            our priorities. We accepted the biodiversity convention signed in Rio in 1992, partly
            because the “species extinction caused by human activities continues at an alarming
            rate.”2087 It obliges us to introduce the conservation of species into the national political
            process.2088

         
         We demand that the developing countries stop chopping down their rainforest even though
            we have eradicated about 99 percent of our own primary forest.
         

         
         A 1993 article in Science on the cost of biodiversity reported that “scientific luminaries such as Edward O.
            Wilson of Harvard and Paul Ehrlich of Stanford” were endorsing the principles behind
            the Wildlands Project, a hugely ambitious plan to protect biodiversity in North America,
            which called for “a network of wilderness reserves, human buffer zones, and wildlife
            corridors stretching across huge tracts of land” amounting to as much as half of the
            continent. In the words of the Science article the long-term goal of the project amounted to “no less than a transformation
            of America from a place where 4.7% of the land is wilderness to an archipelago of
            human-inhabited islands surrounded by natural areas.” Inevitably, the implementation
            of such a scheme would involve mass movements of people.2089

         
         Why sign the biodiversity convention? Why save the rainforest? Why require millions
            of Americans to move to city islands with severely restricted access to neighbouring
            countryside? The answer has always been: in order to save 40,000 species from becoming
            extinct every year.2090

         
         It is a “common knowledge” argument that has entered our political vocabulary. The
            Brundtland report states that “over the longer term, at least one-quarter, possibly
            one-third, and conceivably a still larger share of species existing today could be
            lost.”2091 The well-publicized internet site Web of Life tells us that 50,000 species die every
            year.2092 Worldwatch Institute warns us of economic development: we may grow richer, but we
            should consider if we really have gained if we “also wipe out half of the world’s
            plant and animal species.”2093

         
         The dramatic loss of biodiversity, expressed in the 40,000 species a year, is a dramatic
            figure, created by models. It is a figure which with monotonous regularity has been
            repeated everywhere until in the end we all believed it. It has become part of our
            environmental Litany. But it is also a figure which conflicts with both observation
            and careful modeling.
         

         
         Of course, losing 25–100 percent of all species would be a catastrophe by any standards.
            However, losing 0.7 percent per 50 years over a limited time span is not a catastrophe
            but a problem – one of many that mankind still needs to solve. Facing these facts
            is important when we have to make tough choices where to do the most good with our
            limited resources.
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         24   Global warming

         
         
         Climate change and especially global warming2094 has become the overriding environmental concern since the 1990s.2095 Most discussions about the environment end up pointing out that, despite all other
            indicators that may show us doing better and better, we still have to change our current
            lifestyle dramatically because our way of life is now changing the climate and causing
            global warming.
         

         
         In the words of the President’s Council on Sustainable Development: “The risk of accelerated
            climate change in the next century has emerged as one of the most important issues
            we will face as we seek to achieve our sustainable development goals.”2096 In their 2000 edition, Worldwatch Institute concludes that stabilizing the climate
            along with stabilizing the population growth are the two “overriding challenges facing
            our global civilization as the new century begins.”2097 Likewise, UNDP sees global warming as one of the two crises that nudge humanity ever
            closer to “the outer limits of what earth can stand.”2098 Global warming is, according to former President Clinton, “one of the two or three
            major issues facing the world over the next 30 years.”2099 Head of the George W. Bush EPA, Christine Todd Whitman, has called global warming
            “one of the greatest environmental challenges we face, if not the greatest.”2100 And the opening remark on their homepage proclaims that “Greenpeace has identified
            global climate change as one of the greatest threats to the planet.”2101

         
         The consequence is that we must change our industrial ways. Worldwatch Institute tells
            us that “the only feasible alternative is a solar/hydrogen-based economy.”2102 Greenpeace equivalently tells us that although we may have lots of oil (see also
            chapter 11), global warming prevents us from using it – “we are in a second world oil crisis.
            But in the 1970s the problem was a shortage of oil. This time round the problem is
            that we have too much.”2103 The only solution is choosing “a fundamentally new energy direction based on clean
            renewable energy, like wind or solar power.”2104

         
         In this way, climate change has become the environmental trump card – possibly we
            are not running out of raw materials, possibly we are actually doing better and better
            on almost any objective indicator, but if global warming demands a change, all other
            arguments will be of lesser import. Worldwatch Institute actually envisions how in
            the twenty-first century “the climate battle may assume the kind of strategic importance
            that wars – both hot and cold – have had during” the twentieth century.2105 Backed up by a number of leading scientists writing in Nature, Worldwatch Institute asserts that to develop the necessary technologies to combat
            climate change will require a monumental research effort, conducted with the urgency
            of the Manhattan Project or the Apollo space program.2106

         
         These drastic efforts are justified by a general understanding of the severe consequences
            of global warming. In many people’s view, climate change is linked to drastic increases
            in temperature and catastrophic climatic shifts. We fear that global warming could
            result in the destruction of our ecosystems, widespread famine, more and more powerful
            hurricanes, the melting of the ice caps and the oceans flooding the Maldives, Bangladesh
            and other low-lying areas on Earth.

         
         This is no wonder, given the constant media barrage of possible greenhouse related
            catastrophes. Almost any weather event is now linked to climate change.2107 In Leonardo DiCaprio’s March 2000 interview of the President, Clinton told us that
            if we do not change our ways, what will happen is,
         

         
         the polar ice caps will melt more rapidly; sea levels will rise; you will have the
            danger of flooding in places like the precious Florida Everglades or the sugarcane
            fields of Louisiana; island nations could literally be buried. The whole climate of
            the United States, for example, could be changed where you would have more flooding,
            more heat waves, more storms, more extreme weather events generally.
    And then you’ll have some public health consequences. For example, we’re already
            seeing in Africa, for example, malaria being found at higher and higher altitudes
            where it used to be too cool for the mosquitoes.
    So there will be a lot of very bad, more dramatic weather events. There will be
            a shift in the patterns of agricultural production. There will be flooding that will
            be quite bad, and there will be more public health crises.2108

         
         In this chapter, we will try to look at these dire claims and go through both the
            technical and the economic side of the arguments. This will enable us to separate
            the hyperbole from the real problems and allow us to plot the best course of action
            for the future. This chapter accepts the reality of man-made global warming but questions
            the way in which future scenarios have been arrived at and finds that forecasts of
            climate change of 6 degrees by the end of the century are not plausible. I shall argue
            that the limitations of computer modeling, the unrealistic nature of the basic assumptions
            made about future technological change and political value judgements have distorted
            the scenarios being presented to the public. I shall further argue that an economic
            analysis of the costs and benefits of an immediate reduction in CO2 emissions clearly shows that the world as a whole would benefit more from investing
            in tackling problems of poverty in the developing world and in research and development
            of renewable energy than in policies focused on climate change.
         

         
         In the following I shall – unless otherwise stated – use the figures and computer
            models from the official reports of the UN climate panel, the IPCC.2109 The IPCC’s reports are the foundation for most public policy on climate change and
            the basis for most of the arguments put forth by the environmental organizations.
         

         
         The basic greenhouse effect

         
         The main concern of climate change is global warming and the predicted warming is
            based on the so-called greenhouse effect. The fundamental principle of the greenhouse
            effect is really quite simple and entirely uncontroversial.2110 Several types of gases can reflect or trap heat, including water vapor, carbon dioxide
            (CO2), methane (CH4), laughing gas (N2O), CFC gases and ozone (see also the box on the ozone layer). Together they are known
            as greenhouse gases. In this chapter we will primarily discuss CO2 since it makes up 60 percent of the present extra heat-trapping gases and is expected
            to constitute an even larger part in the future (see Figure 132).2111

         
         The greenhouse gases trap some of the heat emitted by the Earth, rather like having
            a blanket wrapped around the globe. The basic greenhouse effect is good – if the atmosphere
            did not contain greenhouse gases the average temperature on the Earth would be approximately
            33°C (59°F) colder and it is unlikely that life as we know it would be able to exist.2112
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         Figure 132 Relative influence of the manmade greenhouse gases on temperature change. Total change
            in forcing from 1750 to 1998 is 2.43W/m2. Source: IPCC 2001a:table 6.1.
         

         
         The problem is that man has increased the quantity of greenhouse gases, CO2 in particular, in the atmosphere. About 80 percent of the extra CO2 comes from the combustion of oil, coal and gas whereas the other 20 percent comes
            from deforestation and other land changes in the tropics.2113 About 55 percent of the released CO2 is absorbed again by the oceans, by northern forest regrowth, and generally by increased
            plant growth (plants use CO2 as fertilizer),2114 but the rest is added to the atmosphere, such that the concentration of CO2 has increased by 31 percent from pre-industrial times to the present day.2115 Both the increasing emission of CO2 and the increasing concentration can be seen in Figure 133.
         

         
         The logic then is that if the extra greenhouse gases, and among them CO2, reflect heat then more greenhouse gases in the atmosphere will (everything else
            being equal) lead to an increase in the temperature on Earth. This is the so-called
            anthropogenic greenhouse effect, the extra, man-made greenhouse effect. Since this
            effect is our main interest, we will in the following just call it the greenhouse
            effect. That there should be some sort of anthropogenic greenhouse effect is also
            fairly uncontroversial.
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         Figure 133 Annual, global emissions of carbon from fossil fuels and cement production, 1850–1999,
            and concentration of CO2 in the atmosphere (ppmv: parts per million volume), 1850–2000. Source: Marland et al. 1999, Etheridge et al. 1998, Hansen and Sato 2000, Keeling and Whorf 1999, WI 2000a:67, pers. comm. P.
            Tans, Climate Monitoring and Diagnostics Laboratory, National Oceanic and Atmospheric
            Administration, USA.
         

         
         
         
         The long-term development of the climate

         
         In order to understand what will happen with the global temperature, it is necessary
            first to look at what has happened. We have only used thermometers systematically
            and globally over the past century and a half (the world’s longest record in Central
            England only goes back to 1659)2116 so if we want to know about the long-term development of the climate, we have to
            look for other ways of measuring temperature.
         

         
         
         We can get a grip on the development of temperature by studying how it has affected
            other objects that we can measure today – the so-called proxy indicators. For instance,
            temperature has in many ways affected the ice that has accumulated in polar regions,
            so when we drill out an ice core, we can count the layers backwards in time and measure
            the fraction of melted ice, the concentration of salts and acids, the load of pollen
            or trace gases trapped in air bubbles.2117 Equally, we can estimate temperature by looking at tree rings (because trees grow
            wider rings in warm weather), corals (measuring growth rings or trace elements), lake
            and ocean sediments, boreholes etc.2118

         
         
         
         Throughout the past 1 million years there has occurred a series of eight glacial/interglacial
            cycles, driven by the changes in earth’s orbit around the sun.2119 The last interglacial period – the Holocene, which we still live in – began about
            10,000 years ago. The melting ice caused the sea to rise some 120m (400ft)2120 while the early temperatures were generally warmer than the twentieth century.2121 The records seem to indicate substantial temperature swings throughout the Holocene
            on a millennial scale, and some indicators even show changes of 5 to 8°C over 1,500
            years.2122 Yet, when looking over the long 400,000 years of ice cores, the Holocene appears
            by far the longest warm and stable period, which has naturally had profound implications
            for the development of civilization.2123

         
         It is only when we get to the last millennium that we have several attempts to construct
            a global or hemispherical temperature data series as seen in Figure 134. By far the most popular record is the one by Mann et al. which is presented in the IPCC summary for policy-makers2124 and is typically used as a strong visual argument for global warming.2125
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         Figure 134 Temperature over the past millennium for the Northern Hemisphere. Mann et al., annual 1000–1980, use many proxies, although early data rely almost exclusively
            on North American tree rings. Jones et al., warm season 1000–1991, also use many proxies, but again only 3–4 remain before
            1400. Briffa et al., warm season 1400–1960, only rely on tree rings. Pollack and Huang, centennial 1500–2000,
            measure temperature directly from 616 individual boreholes. Instrumental temperature,
            annual Northern Hemisphere 1856–2000, is shown for reference. Mann, Jones and Briffa
            smoothed by running 21-year averages, instrumental temperature by running 11-year
            averages. All temperatures adjusted to instrumental mean of 1961–90. Sources: Mann
            et al. 1999a&b, Jones et al. 1998b&c, 1999b, 2000, 2001, Briffa et al. 1998a&b, Huang et al. 2000, Pollack & Huang 2001.
         

         
         
         Basically, the Mann temperature shows a weak declining temperature trend from 1000–1900,
            possibly caused by an astronomical trend towards an new ice age,2126 followed by a rapid temperature increase in the twentieth century. This graph allows
            IPCC to conclude that not only was the last century the warmest in the millennium
            but the 1990s the warmest decade and 1998 the warmest year of the millennium for the
            Northern Hemisphere.2127

         
         Basically, there is no disagreement that the centuries before 1900 were much colder.
            This phenomenon is well known in history as the “Little Ice Age,” broadly stretching
            from 1400–1900.2128 Evidence from a wide range of sources shows colder continents where glaciers advanced
            rapidly in Greenland, Iceland, Scandinavia, and the Alps.2129 Many European springs and summers were outstandingly cold and wet, and crop practices
            changed throughout Europe to adapt to a shortened and less reliable growing season,
            causing recurrent famines.2130 Likewise in China, warm weather crops, such as oranges, were abandoned in the Kiangsi
            Province, and in North America the early European settlers reported exceptionally
            severe winters.2131

         
         Indeed, it is more surprising that the Mann data do not show a larger temperature
            drop. Such a drop is, however, suggested by the Jones temperature and definitely by
            the Polack borehole measurements.
         

         
         Likewise, the early part of the Mann data indicates a slightly warmer climate, some
            periods of which could even be on par with the mean twentieth century temperature.2132 Again, there is no disagreement that the early part of the second millennium was
            warmer, a period known in history as the “Medieval Warm Period.”2133 Here, 2–3°C warmer climates made possible the colonization of the otherwise inhospitable
            Greenland and Vinland (Newfoundland) by the Vikings.2134 Likewise, the Japanese cherry blossoms returned to early blooming in the 12th century
            and the snow line in the Rocky Mountains was about 300 meters higher than today.2135

         
         Again, the surprising part of the Mann data seems to be that the early temperature
            is not higher. Usually, the temperature for the 900s–1100s has been estimated to be
            much warmer, including by the IPCC in its first 1990 report.2136 However, such estimates have been very dependent on individual temperature series
            and thus it is not unlikely that the Medieval Warm Period could have been a more local
            phenomenon, primarily restricted to the North Atlantic, as it is argued in the 2001
            IPPC report.2137

         
         But the basis for the long-term temperature data in Mann is also problematic, especially
            for the years 1000–1400. First, the data are almost exclusively based on North American
            tree ring data.2138 This, of course, severely limits the claim of presenting a hemispherical temperature
            series. Second, tree ring data (like almost all proxies) are naturally limited to
            land data, which means they do not describe temperature of the more than 70 percent
            of the Earth’s surface covered by oceans.2139 Third, growth of trees are dependent on many other factors besides temperature, and
            while it is essential to have such disturbances removed, it is not altogether clear
            how that should be done without matching tree ring data with other, better temperature
            records, which naturally begs the question.2140 Fourth, trees mainly grow in the summer and during the day-time, which means that
            they do not reliably measure full, annual temperature.2141

         
         Thus, the available estimates in Figure 134 seem to indicate that there is considerable disagreement about the actual development
            in temperature. The Jones temperature shows a much more marked temperature decline
            throughout the fifteenth and seventeenth centuries, whereas the Briffa temperature
            essentially shows no change from 1400–1960.2142 The only data estimated from direct measurements of temperatures come from boreholes
            and these show a dramatic rebound from the Little Ice Age.
         

         
         Consequently, a recent status report concludes that “at present, it is debatable whether
            there is enough temperature proxy data to be representative of hemispheric, let alone
            global, climate changes given the lack of large spatial scale coherence in the data.”2143 Moreover, data seem to indicate that there has been regular recurrence of episodes
            like the Little Ice Age and the Medieval Warm Period in a roughly 1500-year climatic
            cycle over the past 140,000 years,2144 which would indicate that the 1000-year period is too short to reveal the relevant
            climatic pattern. Finally, many studies point to a climate system with large,natural temperature changes, which are not apparent in the Mann data.2145

         
         Summing up, there is no doubt that the temperature of the late twentieth century is
            greater than many previous centuries, but this cannot be taken as a simple indication
            of overwhelming global warming as we are also coming out of a Little Ice Age. The
            claim that the temperature is higher now than at any time throughout the past 1000
            years seems less well substantiated, as the data essentially exclude ocean temperatures,
            night temperatures and winter temperatures and moreover are based almost exclusively
            on North American data. Finally, the Mann data impart an impression of an almost stable
            climate system which has only been severely disturbed in the past century, although
            this impression of stability is almost certainly incorrect.
         

         
         The climate, 1856–2100

         
         The development in the instrumental global temperature record from 1856–2000 is shown
            in Figure 135.2146 On the whole, the temperature since then has increased by 0.4–0.8°C.2147 Closer inspection reveals that all of the twentieth century’s temperature increase
            has occurred abruptly within two time periods, from 1910 to 1945 and again from 1975
            till today.2148 While the second period fits well with the greenhouse concern, the temperature increase
            from 1910 to 1945 is harder to align with the human emission of greenhouse gases,
            since the concentration and increase in the early part of the last century was slight
            (Figure 133).2149 The IPCC finds that some of the increase can be explained by a substantial and natural
            increase in solar irradiation from 1700 onwards, which however is still only poorly
            quantified.2150

         
         The crucial question is what the temperature development will be in the future. In
            the first analysis, this depends on how much more CO2 and other greenhouse gases we will put into the atmosphere. This again requires a
            forecast of the future greenhouse gas emissions.
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         Figure 135 Global temperature, 1856–2000, expressed as deviations (anomalies) from the average
            of the period 1961–90. Temperature is a weighted average of land air and sea surface
            temperatures. Light lines, actual yearly measurements; black heavy line, moving 9-year
            average. To obtain absolute global temperature add 14.0°C (57.2°F). Source: Jones
            et al. 2000, 2001.
         

         
         The first IPCC report from 1990 presented a primary scenario which assumed a future
            where few or no steps would be taken to limit greenhouse gas emissions – the so-called
            business-as-usual scenario.2151 The climate consequences from this scenario could then be contrasted to the consequences
            of three other scenarios, with differing degrees of greenhouse gas controls. In 1992
            the scenarios were updated and more scenarios were added, reflecting the substantial
            uncertainty about how the future would evolve.2152 Nevertheless, one remained the primary and de facto business-as-usual scenario, named the IS92a.
         

         
         The scenarios were once again updated in 2000 for the third IPCC assessment. However,
            this time the uncertainty was placed squarely in the center as any business-as-usual approach was scrapped and four so-called storylines
            were used to create a bewildering 40 scenarios, with none considered more plausible
            than others.2153 While such an approach laudably maintains the inherent uncertainty of the long future,
            it also makes any discussion and comparison between different policies numbingly complex.
            The six scenarios presented here constitute the smallest subset recommended by the
            IPCC.2154

         
         Fundamentally, the scenarios are distinguished on two dimensions.2155 One primary dimension is whether the future will be most focused on economic or environmental development. The four scenarios that focus on the economic development are denoted
            A whereas the other two scenarios concerned about environmental sustainability are
            denoted B. The other primary dimension describes the degree of global or regional orientation. The four global scenarios get the number 1 whereas the two more regionally motivated scenarios get the number 2.
         

         
         With these two dimensions, we should just have four scenarios, but the economic/global
            scenario (A1) is further divided into three separate scenarios. One is fossil fuel
            intensive (A1FI), one is balanced between fossil and non-fossil fuels (A1B) and one will eventually make a transition to non-fossil fuels (A1T).2156

         
         As a final quirk, the IPCC has required that all the scenarios explicitly do not envisage reductions in greenhouse gas emissions due to worries about global warming
            or even reductions that would be due to already signed treaties.2157 This makes all the scenarios somewhat artificial and certainly worst-case. The modeling
            teams reasonably complained that it was quite difficult to imagine a society focused
            on stringent environmental policies but without any climate policies whatsoever.2158

         
         We will discuss how reasonable the scenarios are below, but here we will just look
            at the actual emission suggested by the new scenarios in Figure 136. Basically, they show very different possible futures affecting the climate, even
            though none of the scenarios are at all concerned about climate change. Moreover,
            it is perhaps worth noting that the three A1scenarios span almost the entire spectrum
            of CO2 emissions (from 4.3 to 28.2Gt C in 2100) – essentially rendering the two primary dimensions
            making up the 40 scenarios unnecessary.
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         Figure 136 The six new CO2 emission scenarios, 1990–2100, with the old IS92a business-as-usual emission scenario
            added for reference. Scenarios are focused on the economy (A) or the environment (B),
            and oriented globally (1) or regionally (2), as explained in the text. Measured in
            billion ton (Gt) carbon per year. Source: IPCC 2001b, 2001a:table II.1.1, 1992:91.
         

         
         The IPCC estimates of the climate consequences of these emission scenarios are then
            depicted in Figure 137. What they show are significant temperatures increases, in the range of 2–4.5°C (3.6–8.1°F)
            in 2100. This is considerably higher than the estimate from the previous IPCC assessment,
            where the IS92a can be seen near the low end at 2.38°C in 2100, and the range was
            approximately 1.3–3.2°C.2159 This much-quoted increase in expected temperature is mainly due to lower levels of
            particle pollution and higher emission scenarios, which we will discuss below.
         

         
         Equivalently, the total sea level rise over the century is expected to be about 31–49
            cm (12.2–19.3 in). Despite the higher expected temperature, this is slightly lower
            than thepreviously estimated increase of 38–55 cm,2160 primarily because of better models.
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         Figure 137 The predicted temperature and total sea level increase, 1990–2100, with the six new
            scenarios, using a simple climate model tuned to seven complex model results. (Note,
            this simple model seems to overestimate warming by about 20 percent, see text below.)
            IS92a is added in temperature graph for reference. The estimated total sea level rise
            from IS92a was 49 cm (IPCC 2001a:table 11.13, 1996a:383). Source: IPCC 2001a:figure
            9.14, figure 11.12 and appendix, table II:4&5.
         

         
         Both the temperature and the sea level increase are important and have potentially
            serious consequences. However, if we are to react sensibly to the challenge of global
            warming there are at least six important – and controversial – questions we need ask
            ourselves:
         

         
         

         
         1.   How much effect does CO2 have on the temperature? The important question is not whether the climate is affected by human CO2, but how much. If the effect on the climate of an increased amount of CO2 in the atmosphere is slight, global warming may not be particularly important.
         

         
         2.   Could there be other causes behind the increasing temperature? If the temperature increase we have been able to observe until now is not due solely
            to global warming, this also means that global warming is less important.
         

         
         3.   Are the greenhouse scenarios reasonable? When we are being told what will happen, we must ask if these predictions are based
            on reasonable assumptions.
         

         
         4.   What are the consequences of a possible temperature increase? If any temperature increase does not imply catastrophic consequences as described
            in the introduction to this chapter, then the problem – CO2 or no – is perhaps not as great as we have been told.
         

         
         5.   What are the costs of curbing versus not curbing CO2 emissions? If we are to make an informed decision on global warming we need to know the costs
            of not acting but also the costs of acting.
         

         
         6.   How should we choose what to do? What considerations should we employ to decide between costs of action and costs
            of inaction?
         

         
         How much does CO2 affect the temperature?
         

         
         It is quite odd that so much of the argument on global warming has been on whether
            or not a human influence could be seen. The most quoted sentence from the previous
            1996 IPCC report was that “the balance of evidence suggests that there is a discernible human influence on global climate.”2161 The new 2001 report tells us more categorically that “most of the warming observed
            over the last 50 years is attributable to human activities.”2162 (See also discussion on this quote below.)
         

         
         However, even with lots of countervailing (negative feedback) climate effects, it
            would seem unlikely that there would not be some form of warming coming from increased
            CO2. Thus, the important question is not whether man-made CO2 increases global temperature, but how much – whether this effect will be negligible, significant or even devastating. This question
            turns out to be very tricky.
         

         
         Essentially, answering the question about temperature increase from CO2 means predicting the global temperature over the coming centuries – no mean feat,
            given that Earth’s climate is an incredibly complex system. It is basically controlled
            by the Earth’s exchange of energy with the sun and outer space. The calculations comprise
            five important basic elements: the atmosphere, the oceans, the land surface, the ice
            sheets and the Earth’s biosphere.2163

         
         The interaction between these five basic elements is enormously complicated, and crucial
            mechanisms are still unknown or extremely sparsely documented in the scientific literature.
            The complexity of the climate has meant that climate scientists have had to rely on
            simulating the climate on supercomputers with so-called Atmosphere-Ocean General Circulation
            Models (AOGCMs or sometimes just GCMs).
         

         
         Inside these models, the Earth’s atmosphere is typically divided into grids, 250 km
            on the side and 1 km high, whereas the ocean is sliced slightly thinner.2164 The model of the atmosphere then calculates the evolution of momentum, heat, and
            moisture within each grid, while similar equations are solved for the ocean grids.
            These equations are solved for every half-hour of model time which again runs over
            several hundred model years.
         

         
         But faithfully modeling all the important factors in the climatic system involves
            representing everything from the entire planet down to individual dust particles,
            which our current computers simply cannot manage.2165 Some of the most important climate processes, such as clouds or ocean convection,
            are much smaller than the computer grid, and therefore they cannot be modeled explicitly.
            Instead they are roughly approximated on average effects from the larger-scale variables
            – a technique known as parameterization.2166

         
         It is important to point out that all the IPCC’s predictions are based on such climatic computer model simulations.2167 In principle there is nothing suspicious about using computer simulations to describe
            complex systems. This technique is widely used in natural science and economics for
            example. It is important to realize, however, that the result of simulations depends
            entirely on the parameters and algorithms with which the computer is fed. Computers
            are number-crunchers and not crystal balls.
         

         
         The three most difficult problems for the climate simulations are modeling the cooling
            effects of particles, fitting the water vapor feedback and handling clouds.2168 Moreover, obtaining reasonable models for all three are crucial for making sensible
            predictions of the future climate.
         

         
         How much does CO2 affect the temperature? Particles
         

         
         The first issue of the cooling effect of particles (the so-called aerosols) has turned
            out to be absolutely essential in the IPCC predictions. The problem was that the original
            computer models used in the 1990 IPPC report and well into the nineties just did not
            match up with the data: they predicted way too much warming from CO2 and other greenhouse gases. This is evident in Figure 138, where the simulation only with greenhouse gases predicts a temperature for 2000
            of about 0.91°C or almost half a degree higher than observed. The IPCC admitted this much in their 1996 report in one of their surprisingly overlooked statements:
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         Figure 138 Global average temperature simulations from the Hadley Centre GCM (CM2), for just
            greenhouse gases (GG) and for greenhouse gases plus sulfate aerosols with standard
            IPCC assumptions (historic CO2 and SOx from 1861–1989, 1 percent annual CO2 equivalent increase and IS92a SOx emissions 1990–2099), 1861–2099. Extra simulation for 1990–2099 with more realistic
            emissions of greenhouse gases and sulfate aerosols (0.5 percent annual CO2 equivalent increase and IS92d for 1990–2099). Actual temperature 1856–1999 for reference.
            All simulations average of 4 runs, smoothed by 19 year running means and forced to
            average of instrumental temperature record, 1861–99, as in Wigley et al (1997:8317). Sources: IPCC/DDC 2000, 2000a, Johns et al. 1997, Jones et al. 2000.
         

         
         When increases in greenhouse gases only are taken into account in simulating climate
            change over the last century, most GCMs … produce a greater warming than that observed
            to date, unless a lower climate sensitivity than that found in most GCMs is used.
    … There is growing evidence that increases in sulphate aerosols are partially
            counteracting the [warming] due to increases in greenhouse gases.2169

         
         The IPCC basically tells us that previous models got it wrong – either it is not going
            to warm as much as previously claimed or something is hiding the warming. This could
            very well be sulfur particles from fossil fuel burning and other particles from volcanoes,
            biomass burning and land change, some of which reflect solar energy and thus have
            a cooling effect.2170

         
         Incorporating sulfate particles in the simulations has gone some way towards producing
            a temperature development more closely resembling the observations.2171 In Figure 138 this is demonstrated when the predicted general warming signal is tracking the latter
            part of the twentieth century fairly well, although the rapid temperature increase
            from 1910 to 1945 is still left unexplained.2172

         
         Basically, the aerosols in the IPCC models are posited to hide a strong warming from
            CO2, but this hinges on the claim that particles overall have a large cooling effect.
            However, as is apparent in Figure 139 this estimate is very uncertain. There are a large number of different effects from aerosols, both positive
            and negative, and all have very large uncertainties. Sulphate particles have a significant
            cooling effect but with an uncertainty factor of two – the actual cooling could be
            half or twice as great. Aerosols from biomass also have a smaller cooling effect with
            an uncertainty factor of three (3x). Particles from fossil fuels both make black carbon
            with a warming effect (2x uncertainty) and organic carbon with a cooling effect (3x
            uncertainty). For mineral dust it is not even certain whether they significantly cool
            or warm the climate. Moreover, aerosols also indirectly affect the climate by making
            more water drops (1st indirect effect) and by decreasing precipitation (2nd indirect
            effect).2173 The first indirect effect could be zero or massively cooling – we don’t know yet.
            The second indirect effect is virtually unknown but seems to amplify the first.2174 The level of scientific understanding for all the effects is judged to be “very low”
            except for the direct sulphate aerosols, where it is judged to be low. In summary,
            the IPCC states that “the effect of the increasing amount of aerosols on the radiative forcing is complex and not yet well known.”2177
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         Figure 139 Global mean radiative forcing and uncertainties due to a number of agents, net changes
            from pre-industrial (1750) till today (late 1990s–2000). Basically, the figure shows
            the incoming extra energy to Earth due to changes over the past 250 years of a total
            of about 2.35W/m2. As a rough approximation, one extra W/m2 means a temperature increase of about 0.5–1°C.2175 The total effect of the well-mixed greenhouse gases (CO2, CH4, N2O and halocarbons) is a warming of about 2.43W/m2 (as shown in Figure 132), with an uncertainty of 10 percent. Changes in stratospheric ozone cools (the “hole
            in the ozone layer”) whereas ozone in the troposphere warms (ozone pollution). Sulfate,
            biomass and organic carbon aerosols from fossil fuels cool, whereas black carbon from
            fossil fuels warms. Mineral dust has no central estimate, only an uncertainty between
            +.4 and -.6W/m2. Tropospheric aerosol, first indirect effect making more water drops, is poorly understood
            and with no central estimate and an uncertainty between 0 and -2W/m2. Second indirect effect is not even estimated. Aviation effects from contrails and
            extra cirrus clouds indicated. Changes in land use have cooled the Earth slightly,
            whereas the solar irradiance has increased. Below is indicated the IPCC index of “Level
            of Scientific Understanding” ranging from High, over Medium to Low and Very Low. Source:
            IPCC 2001: table 6.11, figure 6.6.2176

         
         Yet almost all AOGCMs only include the direct sulfate effect.2178 While such a decision makes sense for modelers trying to limit the number of uncertain
            factors, picking just one cooling effect of many cooling and warming effects essentially
            allows one to better fit the output with reality without needing to change the predicted
            CO2 warming.2179 The nagging question is whether it is sulfate particles that are temporarily cooling
            an otherwise relentless CO2 warming, or whether the climate sensitivity to CO2 truly is smaller than previously expected.2180 As pointed out in a recent overview, this leaves models less robust than is often
            claimed.2181 For instance, studies making optimistic conclusions such as the one by the IPCC that
            there for temperature is a “large-scale consistency between models and observations”2182 is problematic: the conclusion “would be significantly modified if, for example, the additional negative forcing due to the indirect effect of sulphate aerosols
            had been included; these studies may have, fortuitously, obtained an approximately
            correct net forcing when including only the well-mixed greenhouse gases and direct
            sulfate forcings.”2183

         
         Moreover, recent estimates seem to indicate that the direct cooling effect from particles
            may be much smaller than previously expected.2184 The newest study in Nature 2001 shows that using better mixing models the total forcing is actually 0.55W/m2 or much higher than expected in Figure 139. The result is that “the warming effect from black carbon may nearly balance the
            net cooling effect of other anthropogenic aerosol constituents.”2185 This would mean that the climate models are back to overestimating the actual warming
            (as in Figure 138), indicating that the estimate of total warming from CO2 needs to be lowered.
         

         
         How much does CO2 affect the temperature? Water vapor
         

         
         The second modeling issue deals with atmospheric water vapor. The water vapor feedback
            is the main reason why our emissions of CO2 would cause a significant warming.2186 It is estimated that the direct effect of doubling the atmosphere’s CO2 concentration (in 2070 or later)2187 would be a temperature increase of about 1–1.2°C.2188 But at the same time, the atmosphere has a built-in amplification mechanism, because
            as the Earth heats up, more water will evaporate and the water vapor will trap ever
            more heat.2189 The IPCC therefore estimate that the effective warming that would result from a doubling
            of CO2 in the atmosphere would be 1.5–4.5°C (the so-called climate sensitivity).2190

         
         However, a strong water vapor feedback is not primarily dependent on the surface temperature
            but especially on the temperature in the troposphere, the lowest part of the atmosphere,
            stretching from the ground up to the stratosphere, some 10–13 km up. Basically, the
            feedback only works effectively if the entire lower atmosphere warms up, making the
            troposphere able to hold more water – otherwise the water vapor feedback will be much
            weaker.2191 It is estimated that the troposphere accounts for about 90 percent of the water vapor
            feedback.2192

         
         All AOGCMs predict that the temperature in the troposphere increases as fast or faster
            than that of the surface, as can be seen with the NASA/Goddard simulation in Figure 140.2193
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         Figure 140 Temperature deviations of the NASA/Goddard AOGCM for the surface and the troposphere,
            1950–2099. Averages of two runs, anomalies for 1950–60 mean, with CO2 observed concentrations till 1990 and 0.5 percent compounded annual increase thereafter;
            sulfate aerosols from Mitchell et al. 1995. The troposphere temperature is an average of anomalies from 200, 500 and 850mb.
            Observed surface temperature 1856–1999, observed troposphere from satellite-based
            microwave sounding units (MSU 2LT), 1979–April 2001. Source: NASA/GISS 2000, Jones
            et al. 2000, Christy et al. 2000, 2000a, 2001.
         

         
         
         
         Since 1979, a series of NOAA satellites have made very precise measurements of the
            tropospheric temperatures from all regions of the world (passing 80 percent of the
            globe every 24 hours, covering 100 percent within three or four days), including remote
            deserts, rainforests and oceans where reliable temperature data are often hard or
            impossible to obtain.2194 The problem arises when we look at the temperature graph of the troposphere from
            1979, seen in Figure 140. The observed tropospheric temperature essentially shows no trend. Whereas the model
            expects a warming of about 0.224°C/decade, the data show a warming of only 0.034°C/decade,
            almost all of which is attributable to the 1997–8 El Niño – a warming less than a
            sixth of the expected amount. This is truly important for our long-term warming prediction.
            Little or no temperature increase in the troposphere means much less water feedback
            and a much smaller warming estimate.2195

         
         Numerous studies have tried to identify the causes of the difference between surface
            and tropospheric temperature, and quite a few have tried to identify errors in the
            satellite data.2196 One study correctly identified a problem with the satellite algorithm, a problem
            which has now been corrected (the corrected data are used here).2197

         
         However, there is a more obvious way to approach the satellite measurements. Weather
            balloons have regularly been measuring the temperature of the entire lower troposphere,
            and the data since 1958 have been averaged globally. If we compare the two independent measurements, they line up almost
            perfectly, as seen in Figure 141. They both show very little warming (0.034°C/decade for satellites and 0.029°C/decade
            for weather balloons) compared to the surface warming (0.17°C/decade) and especially
            to the AOGCMs expectation (0.22°C/decade). Consequently, most commentators, the IPCC
            and a 2000 study from the National Research Council now confirm that there seems to
            be a genuine difference in the two trends2198 – a difference which if persistent should lower the water feedback and consequently
            lower the CO2 warming.
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         Figure 141 Temperature deviation in the troposphere, measured by weather balloons (1978–99,
            white line) and satellites (1979–April 2001, black line). Surface temperature inset
            for reference (1978–2000). Source: Angell 1999, Christy et al. 2000, 2000a, 2001, Jones et al. 2000.
         

         
         
         
         How much does CO2 affect the temperature? Clouds
         

         
         The third modeling issue is clouds. Clouds can both cool and warm the climate, depending
            on cloud height and thickness as well as the distribution of water vapor, water drops,
            ice particles and atmospheric aerosols. Since clouds fall below the computer model
            grid they are parameterized, but this makes models extremely sensitive to cloud assumptions.2199 In 1995 one of the leading climate models – developed at the Hadley Centre in England
            – predicted a temperature increase of 5.2°C if the CO2 concentration was doubled. The programmers then improved the cloud parameterization
            in two places, and themodel reacted by reducing its estimate from 5.2°C to 1.9°C.2200

         
         
         The IPCC frankly admit that

         
         temperature probably the greatest uncertainty in future projections of climate arises
            from clouds and their interactions with radiation… . Clouds represent a significant
            source of potential error in climate simulations… . The sign of the net cloud feedback
            is still a matter of uncertainty, and the various models exhibit a large spread. Further
            uncertainties arise from precipitation processes and the difficulty in correctly simulating
            the diurnal cycle and precipitation amounts and frequencies.2201

         
         This basically means that better cloud models potentially could throw off the IPCC
            temperature predictions – the cloud feedback is currently about half the size of the
            entire twenty-first century CO2 temperature effect, but there is still no agreement on whether it will actually cool
            or warm the climate.2202 We will look at the much discussed connections between clouds and cosmic radiation
            below.
         

         
         However, here we will describe another model which might seriously change the IPCC
            temperature relationship. This new and potentially revolutionary research was published
            in March 2001 in Bulletin of the American Meteorological Society.2203 Data show that a higher sea surface temperature of cloudy regions is strongly linked
            to fewer clouds – a one degree Celsius increase seems to cause 22 percent fewer upper-level
            clouds.2204 Basically, such a mechanism opens up and closes down regions free of upper-level
            clouds,2205 which more effectively permit infrared cooling, in such a manner as to resist changes
            in tropical surface temperature.2206 This behavior the authors liken to a global iris; it is similar to the way an eye’s
            iris opens and closes in response to changing light levels.2207 Examining several of the important AOGCMs, none seemed to replicate this negative
            feedback, indicating that present models seriously overestimate CO2-induced warming.2208 Using the typical climate sensitivity of 1.5–4.5°C, the authors show that the negative
            cloud feedback by itself would diminish this sensitivity to the much lower range of
            0.64–1.6°C.2209

         
         Summing up, this section asked how much CO2 affects the temperature. The answer both depends on the climate models and on the
            representation of crucial areas, such as aerosols, water vapor feedback and clouds.
         

         
         The basic IPCC prediction of climate sensitivity of 1.5–4.5°C has remained constant
            throughout all the IPCC reports from 1990 to 2001 and indeed has remained constant
            in the scientific literature since the 1970s.2210 This means that throughout the past 25 years the basic range of estimates of global
            warming from CO2 has not improved. Instead when we have been presented with changes in predictions, this has
            primarily been due to changes in the scenarios. In 1990, the IPCC expected a 3.3°C
            increase over the next 100 years.2211 In 1996, the IPCC reported a smaller expected warming at 2°C, with the range between
            1.0 and 3.5°C.2212 The primary cause was that the scenarios now included dramatically higher emissions
            of particles, that would cool the climate.2213 Again, when the IPCC now predicts a higher temperature range of 1.4–5.8°C,2214 the cause is not that we have found the climate to be more affected by CO2. Instead the new scenarios partly envision a marked reduction in the particle emissions
            (less cooling) and the most intensive CO2 scenario now emit some 25 percent more carbon compared to the older scenarios (more
            warming).2215

         
         
         That the basic climate sensitivity has remained at 1.5–4.5°C also means that we have
            very little ability to determine whether doubling the CO2 concentrations will mean a rather small (1.5°C) or a dramatic (4.5°C) temperature
            increase. Actually, if we look at the 9 AOGCMs which ran the A2 and B2 scenario (the
            only scenarios the IPCC had time to run)2216 in Figure 142 it becomes obvious that the temperature prediction for A2 is predominantly dependent
            on the choice of computer model – the span between the lowest 1.43°C and the highest
            5.04°C is actually bigger than the entire temperature span of the marker scenarios in Figure 137. This basically means that the noise from the models is bigger than the signal we
            are supposed to formulate policy from. Discouraging but honest, the IPCC concludes
            that “the choice of model makes a bigger difference to the simulated response than
            the choice of scenario.”2217

         
         Moreover, it should be noted that for both scenarios, the IPCC seems to have chosen
            a rather pessimistic simple model description, as can also be seen Figure 142.2218 For the A2, the average temperature increase for the computer models from 1990 to
            2100 is 3.21°C whereas the IPCC simple model estimates the increase at 3.79°C. For
            the B2, the computer models indicate an average temperature increase of 2.17°C, where
            the IPCC expects 2.69°C. As the A2 and the B2 were the only scenarios run by several
            AOGCMs,2219 this indicates that the IPCC simple model systematically overestimates the warming
            and consequently that the much-quoted range of 1.4–5.8°C would be more likely to be 1.2–4.8°C.2220
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         Figure 142 Temperature, 1990–2100, from 9 AOGCMs running the scenarios A2 (to the left) and
            B2 (to the right). Simple IPCC model for A2 and B2 (as in Figure 137) inserted for reference. Adjusted to zero in 1990 and presented with moving 9-year
            average. The models derive from the Japanese Centre for Climate System Research (CCSR)
            and the Japanese National Institute of Environmental Studies (NIES), the Australian
            Commonwealth Scientific and Industrial Research Organisation (CSIRO), the Canadian
            Centre for Climate Modelling and Analysis (CGCM), the UK Hadley Centre for Climate
            Prediction and Research (HadCM3), the German Climate Research Centre (ECHAM), US Geophysical
            Fluid Dynamics Laboratory (GFDL), Climate and Global Dynamics Division at the National
            Center for Atmospheric Research (CSM, DOE), the Japanese Climate Research Department,
            Meteorological Research Institute (MRI). Source: IPCC 2001a:figures 9.6a and 9.14.
         

         
         
         Answering how much CO2 affects the temperature also hinges on the reasonable representation of crucial areas
            such as aerosols, water vapor feedback and clouds. As we have seen, the inclusion
            of certain aerosols makes the simulations look more realistic, but the models may
            not be robust and new research seems to indicate that they disguise a lower climate
            sensitivity. Likewise, the water vapor feedback requires a strong tropospheric warming
            which has been absent since the beginning of satellite measurements, again indicating
            a smaller climate sensitivity. The cloud simulations are fraught with uncertainty
            and new research seems to indicate a strong, negative cloud feedback which would lower
            the climate sensitivity dramatically.
         

         
         Basically we have to conclude that the present models are complicated, but far from
            complicated enough to capture all the essential aspects of the global climate. The
            basic uncertainty of climate sensitivity still makes the models more noisy than the
            climate response. Consequently, most modelers still believe that accurate models are
            a decade away.2221 Moreover, the simplistic models used by the IPCC appear to overestimate the climate
            sensitivity.
         

         
         At the same time, the representation of aerosols, water vapor feedback and clouds
            also seems to indicate that climate sensitivity is overestimated. Generally, this
            points towards a smaller but definitely not negligible effect of CO2 on the climate.
         

         
         
            
            THE OZONE HOLE

            
            Following the publication of an article in the reputable British science journal Nature in 1985 a new environmental problem was suddenly on everybody’s lips – there was
               a hole in the ozone layer above the Antarctic.2222 At ground level, ozone is a pollutant (as discussed in chapter 15), but in the upper
               atmosphere (the stratosphere) a thin ozone layer2223 protects people, animals and plants by filtering out the sun’s harmful ultraviolet
               (UV-B) rays.2224 Ozone depletion is also linked in several ways to climate change, but the links are
               fairly weak and can be disregarded here.2225

            
            Although the ozone hole of 1985 appeared over an essentially uninhabited area, its
               finding marked a crucial turning point in public awareness, because observations for
               the first time confirmed what had until then only been theoretical speculations.2226 Since then, it has been unequivocally corroborated that the ozone layer over the
               inhabited mid-latitudes also has declined – in 1998 by about 3–6 percent below 1979
               levels.2227 This is important since a thinner ozone layer lets more UV-B rays through,2228 increasing eye diseases (cataracts), skin cancer and photoaging (wrinkling and premature
               aging of skin).2229

            
            The ozone depletion was caused by man.2230 Already in 1974, two researchers at the University of California, Irvine, who later
               earned a Nobel prize for their work, had suggested that the so-called chlorofluorocarbons
               (CFCs) could be breaking down the ozone layer.2231 Much research has later confirmed this basic link.2232 CFCs had become ubiquitous since the 1930s, because they were cheap, chemically stable
               and completely non-toxic. During the 1960s the use of CFCs exploded (Figure 143); they were used among other things in refrigerators, spray cans and air-conditioners
               and as foam blowing agents and solvents. CFCs are mixed into the atmosphere, some
               reaching the stratosphere, where they are broken down by high-energy solar ultraviolet
               radiation into free chlorine. Through complex interactions, these chlorine atoms react
               with ozone, essentially breaking down thousands of ozone molecules for each chlorine
               atom.2233

            
            The shocking prospect of increasing skin cancer and cataracts caused politicians to
               react quickly. The Montreal protocol was signed in 1987, followed by the London (1990),
               Copenhagen (1992), Vienna (1995), another Montreal (1997) and Beijing (1999) protocols. The aim of these international
               agreements was initially to halve the consumption of the five main CFC gases in relation
               to 1986 figures and later to ban them almost entirely.2235 The expected result of the agreements can be seen in Figure 144.
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               Figure 143 The annual global production of CFC gases, 1950–96, measured in tons weighted by
                  ozone depletion potential. Source: Blackmore 1996:120, WI 1999b.2234

               
            

            
            The international cooperation has rapidly borne fruit: as can be seen in Figure 143, total production in 1996 was down below the production in 1960. At the same time,
               the total combined abundance of ozone-depleting compounds in the lower atmosphere
               peaked in about 1994 and is now slowly declining – actually faster than was predicted
               by the UN just four years earlier.2236 The concentration of the ozone-depleting chlorine and bromine was predicted to peak
               in the stratosphere before the year 2000.2237 The latest synthesis report of the UNEP ozone assessment predicts that “the ozone
               layer will slowly recover over the next 50 years.”2238 Likewise, the Antarctic ozone hole will slowly recover.2239 Thus, today we have pretty much done what we can,2240 ozone depletion is at its maximum and it will recover within the next 50 years.
            

            
            The case of the depleted ozone layer and the solution through restrictive protocols
               is seen as a success story, in which the world community finally pulled itself together
               and put the environment before money. For this reason among others the ozone story
               is often quoted as a successful application of the principle of caution2241 and of environmental awareness in general. However, it is worth pointing out that
               the implementation of the CFC ban was strictly profitable. It was actually relatively
               cheap to find substitutes for CFC (e.g. in refrigerators and spray cans2242) and at the same time the advantages were quite clear-cut.
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               Figure 144 Concentration of ozone-depleting stratospheric chlorine/bromine, 1950–2100, without
                  a protocol, with the Montreal (1987), London (1990), Copenhagen (1992), Vienna (1995)
                  and Montreal (1997) protocols, assuming full compliance. Source: UNEP 1999a:5, WMO/UNEP
                  1994.
               

               
            

            
            In a report for Environment Canada, the Canadian EPA, it was estimated that the overall
               global cost until 2060 of the implementation of the CFC protocols was about 235 billion
               1997 US dollars.2243 By way of comparison, the overall advantage, stemming from avoided damages to fisheries,
               agriculture and outdoor materials was estimated to amount to some 459 billion 1997
               US dollars, not even including about 333,500 fewer skin cancer deaths.2244

            
            However, these are global figures accumulated over the next 63 years, which because
               of both the long time and the number of people easily get very large. While they clearly
               show that global intervention was justified, it is also important to get a feel for
               the actual, personal consequences of the thinning of the ozone layer. As a sociological study of the ozone debate points out, almost
               everyone “knows” that “the ozone layer is thinning, more sunlight is getting through,
               we’re all going to get skin cancer, so you have to stay out of the sun.”2247 This is in no small part because the media will tell us about the “frightening” increases
               in skin cancer, “linked to increased UV levels penetrating Earth’s depleted ozone
               layer.”2248 Indeed, in a study of the environmental concerns of British young people, the “loss
               of the ozone layer” was found to be the most worrying.2249
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               Figure 145 Average annual UV-B radiation with clouds and aerosols, depending on latitude.2245 The ozone hole at Antarctica is evident to the far left. In mid-latitudes, a theoretical
                  value of the UV-B radiation, had the ozone layer not been thinned.2246 Source: Sabziparvar 1997, Sabziparvar et al. 1999, see also Newton and Ferlay 1996.
               

               
            

            
            Although the skin cancer rate has increased dramatically over the twentieth century,
               the long latency period means that the increases we see today are due to much more
               mundane causes. As concluded in a recent study: “The skin cancer increase must be
               attributed to harmful solar UV-B levels existing even in the 1960s, accentuated later
               not by ozone depletion (which started only much later, by 1979) but by other causes,
               such as a longer human life span, better medical screening, increasing tendencies
               of sun bathing at beaches, etc., in affluent societies.”2250 However, the present-day thinning of the ozone layer and the concomitant rise in
               UV-B will cause more skin cancer in the future. Had the Montreal and consecutive protocols
               not been implemented, skin cancer would have more than tripled by 2100, but now it
               will cause a very much smaller excess of skin cancer.2251

            
            About 95 percent of skin cancers today consist of the highly curable basal and squamous
               cell cancers, whereas the last 5 percent consist of the much more lethal melanoma
               skin cancer.2252 In total, the US experiences about 50,000 new melanoma cases each year and about
               a million new basal and squamous cell cancers, with almost all mortality stemming
               from the melanomas.2253 Assuming no change in behavior (sun exposure, etc.) and full compliance with the
               CFC protocols, it is estimated that the current ozone minimum will lead to more cancers
               in the future, reaching a maximum in 2060 of 27,000 extra annual skin cancers in the
               US, or an increase in total skin cancer of about 3 percent.2254 Since the vast majority of extra cancers will be the almost entirely curable skin
               cancers, the maximum extra deaths in 2060 in the US are estimated at about 350 or
               about 5 percent of all skin cancer deaths.
            

            
            Thus, even at ozone depletion’s greatest impact, it will cause a relatively slight
               increase in the cancer incidence and death rate. This can also be seen in a different
               light. Since more ozone is present at high latitudes and the sun has to penetrate
               a longer column of ozone, UV-B is much more intense at the equator than at high latitudes,
               as is evident in Figure 145. For the mid-latitudes and disregarding differences in local weather, a move from
               Edinburgh (55°N) to Madrid (40°N) would approximately double the average annual UV-B
               exposure, as would a move from Seattle (47°N) to New Orleans (30°N) or from the Falklands
               (52°S) to Buenos Aires (34°S).
            

            
            If we look at a city on 36°53’N where the line starts on Figure 145 – this could be Fresno, California – there is an annual UV-B radiation of 42.4 kJ/m2. Had the ozone layer not been depleted, the radiation would only have been 40 kJ/m2 (the thin line below). The thinning of the ozone layer adds about 6 percent to the
               UV-B radiation.2255 Now, the question is, how far south would you have to move in order to receive the
               same extra amount of UV-B radiation? The answer, as can be seen in Figure 145, is that 42.4 kJ/m2 would have occurred in an ozone-full world at 35°17’N, or close to Bakersfield, California,
               some 179 km (111 miles) south of Fresno.2256 This gives us a feel for how much more dangerous the world has become as a result
               of the ozone depletion.
            

            
            That the ozone layer has been damaged and now is at its lowest level, allowing in
               more UV-B radiation, is equivalent on the mid-latitudes2257 to moving approximately 200 km (124 miles) closer to the equator – a move smaller
               than that from Manchester to London, Chicago to Indianapolis, Albany to New York,
               Lyons to Marseilles, Trento to Florence, Stuttgart to Düsseldorf or Christchurch to
               Wellington.2258

            
         

         
         Are there other causes?

         
         With the publication of Nigel Calder’s The Manic Sun in 1997 a renewed focus was brought on the sun as another important factor in the
            explication of increasing global temperatures. At times, the ensuing debate has had
            a tendency to assume either that only the greenhouse gases mattered or that only the
            sun determines the temperature. However, it is much more likely that both can be seen
            as partial causes of global warming. Since IPCC mentions solar influences only briefly
            and incorporates only the smaller direct forcing,2259 it is probable that including indirect solar activity will also lead to a lowering
            of the estimates of the CO2 warming effect.
         
 
         
         It has been known for a long time that there is a correlation between solar activity
            and temperature. Probably, solar brightness has increased about 0.4 percent over the
            past 200–300 years, causing an increase of about 0.4°C (see solar irradiance in Figure 139), and the trend over the last decades is equivalent to another 0.4°C to 2100.2260 A recent AOCGM study showed that the increase in direct solar irradiation over the
            past 30 years is responsible for about 40 percent of the observed global warming.2261

         
         However, an even more intriguing solar connection, and the one that Nigel Calder pointed
            to, is the indirect effect, established through research at the Danish Meteorological
            Institute. Here, two researchers, Eigil Friis-Christensen and Knud Lassen, pointed
            out a clear correlation between the duration of the solar sunspot cycle and the Earth’s
            average temperature.2262 Figure 146 shows the correlation between measured average temperature and the sunspot cycle
            duration for the period for which accurate temperature measurements exist, but the
            researchers have actually achieved an impressive correlation going back as far as 1550.2263 Moreover, other researchers have found similar connections going further back and
            using different temperature measures.2264
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         Figure 146 The correlation between sunspot period and Northern Hemisphere average temperature
            change, 1865–1995. Update of Friis-Christensen and Lassen 1991:699. In order to use
            the newest data with few assumptions, a smaller smoothing filter has been chosen,
            giving a poorer fit over the rest of the graph, resulting in a gap between solar cycle
            decrease and temperature increase for 1900–40. Source: Thejll and Lassen 2000.
         

         
         One long-standing criticism of the theory has been that there was no clear causal
            correlation between the two curves in Figure 146. How should sunspot cycle duration be able to affect the temperature? However, new
            research seems to have found the connection, which not only explains the link between
            the sunspot cycle and temperature, but also brings the problematic though decisive
            clouds back into the picture. Today, about 65 per-cent2265 of the Earth is covered with clouds, an extremely significant factor when determining
            the warming effect of CO2. This is because the clouds help to keep the Earth cool by reflecting the sun’s rays,
            while at the same time warming it by keeping in the heat. The overall effect for low-level
            clouds is a cooling of the Earth, so that more low-level clouds mean lower temperatures.2266

         
         
         But Svensmark, along with several others, has shown that there seems to be a clear
            connection between global low-level cloud cover and incoming cosmic radiation, as
            can be seen in Figure 147.2267 The explanation is probably that cosmic rays produce ions, which together with small
            particles in the atmosphere can create the basis for the development of low-level
            clouds.2268 And more cosmic radiation is the result of lower solar activity, which in turn correlates
            with longer sunspot cycle duration.2269
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         Figure 147 The relationship between the change in global low-level cloud cover (&gt;680hPa)
            and the change of incoming cosmic radiation. Source: Marsh and Svensmark 2000.
         

         
         
         A number of unanswered questions and unsolved scientific problems still remain in
            these theoretical relationships.2270 But the point is that the sunspot theory has created a possible correlation in that
            a shorter sunspot cycle duration, such as the one we are experiencing now, means more
            intense solar activity, less cosmic radiation, fewer low-level clouds, and therefore
            higher temperatures. This theory also has the tremendous advantage, compared to the
            greenhouse theory, that it can explain the temperature changes from 1860 to 1950, which the rest of the climate scientists with a shrug of the shoulders
            have accredited to “natural variation.”
         

         
         Notice that the connection between temperature and the sunspot cycle seems to have
            deteriorated during the last 10–30 years, with temperatures outpacing sunspot activity
            in Figure 146. Most likely we are instead seeing an increasing signal, probably from greenhouse
            gases like CO2. Such a find exactly underscores that neither solar variation nor greenhouse gases
            can alone explain the entire temperature record. Rather, the fact that the emerging
            greenhouse gas signal only appears now seems to indicate once again that the estimated
            CO2 warming effect needs to be lowered. One such IPPC-loyal study finds that the solar
            hypothesis explains about 57 percent of the temperature deviations and that the data
            suggest a climate sensitivity of 1.7°C, a 33 percent reduction of the IPPC best estimate.2271

         
         Are the scenarios realistic?

         
         Forecasting a century into the future is a business fraught with pitfalls, as we can
            easily tell from past forecasts.2272 Some predictions turned out to be spectacularly wrong and some surprisingly prescient,
            but of course the problem is telling one from the other without the advantage of hindsight.2273 Perhaps the greatest danger in prognoses is that we tend to underestimate how technical
            innovations can make the original worry moot. In the words of one modeler:
         

         
         One hundred years ago icebergs were a major climatic threat impeding travel between
            North America and Europe. 1,513 lives ended when the British liner Titanic collided
            with one on 14 April 1912. 50 years later jets overflew liners. Anticipating the solution
            to the iceberg danger required understanding not only the rates and paths on which
            icebergs travel but the ways humans travel, too.2274

         
         Yet, with climate change spanning centuries, we must somehow make a sensible attempt
            to predict the areas of our behavior most important to global warming.2275 By far the most important variable in this respect is our long-term emissions of
            CO2 from fossil fuels.2276

         
         We will first look at the traditional IPCC scenarios, then the 40 new scenarios and
            finally we will come back to what ought to be the central issue of all scenario-making
            – how much CO2 will we actually emit. To remain with the metaphor above, it seems that the scenarios
            are more concerned about plotting a better course for Titanic than investigating the
            likeliness of alternative means of travel.
         

         
         To standardize the global climate forecasts, IPCC in 1992 formulated six scenarios
            (named IS92a–f) of future population and economic growth, deforestation rates, energy
            supplies, environmental efforts, etc.2277 The IS92a, in particular, is still important, as most predictions until now have
            been based on this business-as-usual scenario – what will happen if we do not change
            our behavior towards reducing greenhouse gas emissions.2278 However, some of the important factors in IS92a have been clearly off target.2279 For instance, the IS92a expects 8.4 billion people in 20252280 which is almost half a billion beyond what the UN expects today (see Figure 11) and some 11.3 billion in 2100, or just about a billion beyond the current expectation.2281 Equivalently, they somewhat surprisingly expect more than 82 percent of all tropical
            forests to have been cleared by 2100.2282

         
         The IS92a also expects the concentration of the greenhouse gas methane (CH4) to continue to increase.2283 (Surprisingly, the new scenarios make the same assumption.)2284 Yet the growth rate of methane has been declining and seems to approach a steady
            state.2285 This would lead to an overestimate of warming in 2100 by at least 5 percent.2286

         
         The most important problem comes with the IS92a CO2 scenario and its typical use in climate simulations. Here, the IPCC have assumed
            that the CO2 concentration will growby 0.64 percent per year, from 1990 to 2100.2287 However, this is much higher than the observed growth rate. In the 1980s, CO2 concentration grew by 0.47 percent, in the 1990s by just 0.43 percent.2288 Focusing on such small percentages is not merely pedantic; since these are cumulative
            growth rates, the IPCC estimate means that CO2 concentration will double in 109 years, whereas a sustained growth at the observed
            rate means a CO2 doubling in 154 years.2289

         
         
         Nevertheless, focusing on CO2 alone is not particularly sensible, since all greenhouse gases contribute to global warming. Consequently, the impact from other
            gases is often translated into CO2, such that we only need to think about one greenhouse gas.2290 Counting in CH4, N2O and the CFCs, the IPCC finds that the equivalent growth rate of CO2 alone would be 0.85 percent.2291 This is also way above the current measured rate.
         

         
         In Figure 148 you can see the growth since 1851 expressed in CO2 equivalent growth rate. In the 1980s the growth rate peaked at 0.76 percent, but
            since 1990 it has been down to just 0.58 percent.2292 And again, this is not just pedantic, since an increase of 0.85 percent doubles the
            effective CO2 in just 82 years, compared with the 120 years needed by the measured current growth
            rate.2293
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         Figure 148 Growth per year in greenhouse gases, 1851–1998, measured in CO2 equivalent growth rate. 5-year averages. Source: Hansen and Sato 2000, IPCC 1996:92–3.
         

         
         
         Yet most standard computer simulations use an even higher value for CO2 increase, namely 1 percent.2294 This is done for simplicity and convenience, though the IPCC admits this is “arbitrary”
            and “on the high side.”2295 Again, this makes the doubling time CO2 just below 70 years, compared to the empirical estimate of 120 years. It is truly
            hard to understand why modelers programming amazingly complex computer models, with
            millions of carefully assembled data points from every part of the world, from the
            surface to the stratosphere, running for weeks and months on expensive supercomputers,
            nevertheless have chosen to model the central point in question – the accumulation of the most important greenhouse gases
            – with an arbitrary, round figure like 1.0 percent instead of the more accurate and
            much lower 0.6 per-cent.2296

         
         The consequence is that the models run way too fast, predicting warming coming almost
            twice as fast (70 versus 120 years) or, equivalently, predicting much more warming
            in a given time.2297 Typically, the models that we are presented with in the press are exactly these sorts
            of models that run much faster than the IPCC scenario, itself running faster than
            the observations. Thus, Scientific American shows us the 1 percent CO2 increase in the Hadley model from Figure 138, and informs us that we should see about a 3°C temperature increase by 2100, without
            mentioning the unrealistic assumption of the 1 percent increase itself.2298

         
         Are the scenarios realistic? The 40 new scenarios

         
         Turning to the 40 new IPCC scenarios, the modelers have explicitly abandoned the idea
            of predicting the future and instead talk about projections and possible futures.2299 As one of the modeling groups fairly honestly point out, the IPCC scenarios are “an
            attempt at ‘computer-aided storytelling.’”2300

         
         Some of the interesting trends in the six marker/illustrative scenarios are depicted
            in Figure 149 and Figure 150. First, note that all of the IPCC scenarios were set from the beginning to fit two
            quantitative targets, population and wealth.2301 Thus, the population and total wealth are not the outcome of a model but the result of an initial choice.2302

         
         With regards to population development, we see in Figure 149 how IPCC has chosen to let B2 follow the UN medium variant (as in Figure 11), whereas A2 approximately follows the high variant and the other scenarios2303 the low variant.2304

         
         In the upper right of Figure 149, we see how the emissions of SO2 in all scenarios are expected to be much smaller than originally assumed in IS92a.2305 Although there has been no doubt that SO2 emissions would go down with sufficient affluence (see e.g. Figure 97, p. 177)2306 a closer analysis of the speed with which sulfur emissions have been reduced in the
            EU and the US (see Figure 91, p. 172)2307 has led to the reassessment. To a large extent the future reductions in SO2 are due to restrictions placed by developing countries in order to decrease local
            air pollution. A recent World Bank report pointed out that the costs of air pollution
            in China are about 8 percent of GDP whereas the abatement costs would be 1–2.5 percent
            of GDP.2308 Thus, it is no surprise that policies to cut down SO2 are already being implemented.
         

         
         The SO2 emissions are important, because sulfur aerosols cool the climate. Thus, if emissions
            are cut sooner, we will be unable to postpone as much of the warming as under IS92a.
            These new, lower emission scenarios are therefore the primary reason why the 2001
            IPCC high temperature prediction for 2100 has increased.2309 This problem we will deal with below. However, since outdoor air pollution is a major
            killer and was expected by the IS92a to increase even further in importance, it is
            also important to point out that the dramatic reduction in SO2 emissions are a great boon to human health and furthermore an important improvement
            to vulnerable ecosystems.
         

         
         The income per person generated in developing and developed countries is shown in
            the lower part of Figure 149. Generally, we see that all scenarios describe futures that are more affluent than
            today, both in the developed and the developing world.2310 Moreover, income inequality is dramatically lowered, and even faster than in IS92a,
            from 6:1 today to a range of 3:1 to 1.4:1, as described in Figure 35, p. 75. Finally, it is perhaps worth noting that even for the most pessimistic of scenarios, at the end of the century the average
            person in the developing world will be almost as well off as the average person in
            the industrialized world is today, and in all other scenarios much richer. This provides a reassuring background for the quote of Julian Simon, opening
            this book: “Within a century or two, all nations and most of humanity will be at or
            above today’s Western living standards.”2312
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         Figure 149 IPCC scenarios, 1990–2100. Population in billion, with UN medium variant for reference.
            Annual SO2 emissions in billion tons, 2000–2100, with IS92a for reference. Annual income for
            developing and developed countries, 1990 US$ per person, 1990–2100, with IS92a for
            reference. Note that as these studies come from six very different modeling teams,
            one should be careful not to compare small differences.2311 Source: IPCC 2000b, 2001a:table II.1.8, IPCC/DDC 2001 and data from Figure 11.
         

         
         There is an exceptional economic difference between the A1-scenarios and all other
            scenarios. (Although the A1FI seems to do slightly worse for the industrialized countries,
            this is merely due to slightly varying assumptions between models – the A1FI for the same
            models as the A1T, do exactly as well.)2313 To the extent that this is an expression of true differences in economic capability2314 it reminds us that we have to ask ourselves whether the marginally improved environment
            that we get from B1 instead of A1 is worth so much that we would be willing to have
            our children give up 50 percent more in income in the developed world ($73,000 vs.
            $110,000 in 2100).2315 And we have to ask ourselves whether it is worth it for the future inhabitants in
            the developing world to give up some 75 percent more income to live in a B1-world
            ($40,000 vs. $70,000).
         

         
         Remarkably, the scenario authors, without any explicit criteria, rank the four scenarios,
            giving B1 the top grade “good” whereas A1 only gets a “fair.”2316 Considering that the difference for the world in economic terms is some $7,000 trillion
            (or in present-day value some $107 trillion – more than three times the present global
            GDP)2317 such a hand-waving opinion seems rather cavalier. In order to reach a prudent judgement
            of scenario, we have to consider both the advantages but also the disadvantages in
            choosing B1 over, say, A1, both looking at the environment and the economy. We will return to this issue at the end of this chapter, as it is central
            to the entire question of dealing with global warming.
         

         
         Since the scenarios need to make predictions for all greenhouse gas emissions, they
            also incorporate estimates of forest area (causing CO2 emission when cut down or sequestration when extended). Thus, looking at Figure 150, top left, we can see the plausible development of forest area over the 150 years
            from 1950. This shows for all but the A2 scenario a larger forest area in 2100 than in 2000. Since the A2 marker scenario had no forest data,
            the other two A2 scenarios are shown – also indicating the amount of variability within
            the individual storylines. A2 MiniCAM shows a significant decline of world forests
            (about 17 percent reduction), in line with a relatively poor and populous world, whereas
            the A2 AIM scenario actually shows a slight increase of forest area.2318

         
         The remarkable 35 percent forest increase in B1 is primarily driven by developments
            that may not appear so realistic, however. The modelers assume that despite a much
            higher population compared to e.g. A1 in 2100 (10.4 vs. 7 billion) there will be less
            need for cropland, basically because yields are expected to more than quadruple in
            the developing countries and because it is believed that there will be a dramatic
            consumer shift away from Western style meat consumption, due to both health and environmental
            concerns.2319 All in all, it is assumed that from 2050 to 2100, cropland can be reduced by 27 percent.2320 Thanks to reduced animal production, grasslands will equally be reduced by 32 percent.2321 We will return shortly to the realism in the scenario’s driving assumptions.
         

         
         The final three graphs in Figure 150 show the crucial energy assumptions for the scenarios. These are the ones that really
            matter for CO2 emissions and they are consequently the central drivers of the warming predictions
            (shown in Figure 137). Most scenarios expect a much higher energy consumption – for A1 more than a quintupling
            of primary energy over the century. Only B1 is expected to reduce its energy need
            from mid-century, bringing the total consumption at the end of the century back down
            to its present level.
         

         
         The two central drivers determining the CO2 emissions are total energy consumption and share of energy from fossil fuels. The
            first really depends on how much can be produced by one unit of energy. As we saw
            in Figure 68 (p. 126), the energy efficiency for both the US and the UK has been steadily increasing,
            and the past 50 years of US development are shown in the top right graph in Figure 150. Since the first oil crisis, US energy efficiency has increased so as to double every
            50 years.2322 All scenarios assume that efficiency will continue to increase but at very different
            rates – whereas A2 will stumble along with little improvement over the century (doubling every 94 years), B1 assumes a high improvement
            in efficiency, equivalent to a doubling every 32 years.2323 Which will be the correct magnitude of improvement2324 hinges to a large part on the cost of energy – if energy is cheap, there is little
            incentive to increase efficiency, whereas costly energy will speed up efficiency improvements.2325 Yet, for both coal, oil and gas, prices are expected to be lower in B1 than in A1, primarily because the higher energy consumption in A1 will drive
            up energy prices.2326 This would indicate that ceteris paribus energy efficiency improvements should actually be higher, not lower in A1.
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         Figure 150 IPCC scenarios, 1990–2100. Forest area in billion hectares, with FAO statistic from
            1950–94 for reference. Note that the A2 marker scenario has no forest data; the two
            other A2 scenarios are shown here. Energy efficiency, billion 1990 US$ per exajoule,
            1990–2100, with US energy efficiency for reference. Annual primary energy in zetajoule
            (1,000 EJ), 1990–2100. Percentage of energy from renewable sources, 1990–2100. Note
            that as these studies come from six very different modeling teams, one should be careful
            not to compare small differences. Source: IPCC 2000b, and data from Figs. 11, 60,
            and 68.
         

         
         The other driver for CO2 emissions is the use of fossil fuels vs. renewable energy.2327 Again, all scenarios envisage an increase of renewables in percentage, as seen in
            the lower right of Figure 150.2328 However, the A2 and the A1FI only slightly increase their percentage, whereas A1T
            will end up with more than 80 percent of its energy coming from renewables. This is
            the reason why A1T despite a much higher energy use will curb total CO2 emissions from mid-century and closely follow B1, as seen in Figure 136. Again, the question is, why does the substitution happen. Again, the relative price
            of different energy sources would seem to be the decisive factor.
         

         
         All scenarios assume that energy prices for oil and gas will increase rather markedly,
            some suggesting a tripling before the end of the century, and the scenarios also assume
            that coal prices will increase, though less rapidly.2329 Likewise, all assume that the energy price of renewables will decline, as we saw
            in the energy chapter (Figure 72, p. 131).2330

         
         Most models assume that the cost of solar and wind energy will drop to 2–5¢/kWh, which
            “makes them increasingly competitive as coal, oil, and gas prices continue to rise.”2331 Yet, as the fossil fuel price only makes up a smaller part of the total electricity
            cost,2332 and as fossil fuel efficiency increases also continue to reduce costs,2333 the substitution from fossil fuels to renewables really hinges on whether prices
            of renewables will decrease so fast as to outcompete ever cheaper fossil fuel energy.
         

         
         Thus, when deciding the future CO2 emissions, the two most important factors seem to be to what extent energy efficiency
            will increase faster or slower and to what extent renewables will get cheaper than
            fossil fuels. However, this was not the primary approach for the IPCC scenario modelers,
            especially for the B-scenarios. Here, it is not technical progress and economic reasons
            that limit the use of fossil fuels but rather “environmental concerns.”2334 The modelers tell us straight out that when coal loses out to renewables in B1 it
            could be due to its being perceived as dirty or it could be because of increasing
            costs – but “such processes are not considered explicitly in this scenario.”2335 Basically, it is just decided that in B1, renewables win. This approach is actually
            repeated for most of the major decisions in the scenarios, based mainly on a surprising
            number of somewhat naïve and clichéd statements.2336 Summing up, the modelers tell us that the B1 scenario is not value-free, but largely
            “depict situations and conditions as one would hope they would emerge.”2337

         
         Likewise, the basic decision of the level of energy efficiency increase was merely
            made to adjust to the basic storyline – doing “parameter adjusting to meet the key
            driving forces of the storylines.”2338 But instead of choosing such crucial parameters initially from the storylines of
            the various scenarios it would possibly be more useful to analyze to what extent it
            is actually likely that renewables will or will not outperform fossil fuels. The difference
            is well illustrated in the A1-scenarios. If it is assumed that fossil fuels retain
            the edge, as in A1FI, the world will be rich but go on emitting large amounts of CO2.2339 If rapid technological development is assumed as in A1T, where the solar power cost
            could drop to less than 0.8¢/kWh, we would get a world which will be just as rich
            but emit little CO2.2340

         
         Thus, what we need to know is which world is the more likely – A1FI or A1T – and what
            we should do, if we want to steer more towards a scenario as in A1T?2341 Although this is arguably the single most important problem for the scenario discussion
            concerning global warming, this issue is never addressed, because of the modelers’
            original intention of regarding all scenarios as likely.
         

         
         But it seems patently implausible that most of the scenarios are likely. As we saw
            in the chapter on energy, there is sufficient fossil fuel, especially coal, to cover
            many centuries.However, we also found that renewable sources such as wind and solar energy are decreasing
            rapidly in price, with wind almost competitive and solar energy competitive within
            two or three decades.2342 Actually, the price for solar energy estimated in A1FI to be reached at the end of
            the century is by most analyses placed just a few decades away.2343 Thus, it seems plausible that renewable energy will by itself or with fairly little
            “nudging” be competitive before mid-century.
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         Figure 151 Top panel: Global carbon emission, 1995–2395, with four scenarios. A base scenario
            with no substitution towards renewables, two scenarios with solar power price declining
            by the current 50 percent per decade and a more conservative 30 percent per decade,
            with a 2/kWh lower bound, and finally a 30 percent solar power decline per decade
            with a US$100 carbon tax. Lower panel: Change in global mean temperature, with the
            same four scenarios. Source: Chakravorty et al. 1997: 1222–3, Ahmed 1994.
         

         
         Researchers in the Journal of Political Economy addressed exactly this issue with a major model to investigate the consequences of
            more expensive fossil fuels and ever cheaper renewable fuels.2344 For simplicity, they only looked at coal, gas and oil as the fossil fuels, and solar
            electricity as a currently expensive but potentially unlimited source of energy (see
            Figure 73).2345 Any other energy source we might dream up in the future – an obvious example would
            be hydrogen fusion, which incidentally the IPCC also leaves out of consideration2346 – could equally be modeled and would make the model even more compelling.2347 Their findings are depicted in Figure 151. In the top panel we see the base-line scenario with no technological advances in
            solar power production. This will mean very little substitution to renewables fuels.
            With no price change on solar power, most of the energy production will eventually
            move to coal, and it will take the world 370 years to move completely to solar energy, and
            then only because fossil fuels become too expensive.2348 This causes the carbon emissions to be slightly higher than the A1FI, because even
            this scenario expects a slight cost improvement in renewables.2349

         
         However, the model more realistically shows that if the price of solar energy continues
            its present decline of 50 percent per decade, as it has been forecast by many, it
            will become competitive by 2030–40.2350 This, of course, will bring about a massive substitution of fossil fuels with solar
            energy, beginning in the 2030s and ending in the 2060s.2351 Actually, 98.5 percent of all coal reserves will never be used, because solar power
            will become cheaper.2352 The underlying idea is that if solar energy gets ever cheaper and fossil fuels get
            ever more expensive, it is plainly unlikely that we would continue to use large amounts
            of fossil fuels in the long run. (Of course, in the short run – and even on a 20–30-year
            scale – huge investments in fossil energy technology, such as power plants and gasoline
            cars, makes the transition “sticky” in that local transition only happens when the
            worn-out technology gets replaced.)2353 Fundamentally, this model shows that the A1FI seems fairly implausible and that the
            carbon emissions future is much more likely to follow the A1T, the B1 or even a lower
            trajectory.
         

         
         The model also shows a conservative price decline estimate of just 30 percent per
            decade for solar power. This means later competitiveness and later substitution. Nevertheless,
            solar power use will begin to be used in the 2040s, increasing throughout the rest
            of the century, taking over all sectors by 2105.2354 Here the emissions scenario still looks like something between A1T and A1B, and even
            here, 92 percent of all coal reserves will never be used.2355 Finally, the model includes a scenario where the price decline is still 30 percent
            per decade but a (global) tax on carbon emissions of US$100 per ton is included. Such
            a tax will naturally cause less fossil fuel consumption (more about that effect later)
            and it will make solar power relatively cheaper, causing earlier substitution. The
            effect is that the total carbon emission will be of the same order as the more rapid
            price decline scenario (i.e. below B1). However, and not shown here, this tax will
            also cause a great deal of economic disruption, and we will come back to this issue,
            discussing to what extent it will be worthwhile for the world to pay that extra price
            for less CO2 emissions.
         

         
         The consequence for global temperature development is shown in the lower panel of
            Figure 151. With no price decrease in solar power, the world would continue using fossil fuels
            for a long time, causing the temperature to rise more than 2°C by 2100 and peak at
            more than 5°C in 2275 before declining. (Notice that these temperature estimates are
            generally lower than the IPCC central estimates, as in Figure 137.)2356 However, with a more realistic development for solar power, the temperature will
            increase only by 0.7°C over the next 50 years and then decline. Even for the more
            pessimistic solar scenario, the temperature increase will be just 1.5°C over the next
            100 years, and decline from there, reaching the 1995 temperature in 2195.2357

         
         This more realistic model contains several key points. First, it shows that global
            warming is not an ever worsening problem. In fact, under any reasonable scenario of
            technological change and without policy intervention, carbon emissions will not reach
            the levels of A1FI and they will decline towards the end of the century, as we move
            towards ever cheaper renewable energy sources.2358 Second, temperatures will increase much less than the maximum estimates from IPCC
            – it is likely that the temperature will be at or below the B1 estimate (less than
            2°C in 2100) and the temperature will certainly not increase even further into the
            twenty-second century. Third, and perhaps most importantly, this suggests that we
            have been looking the wrong way when trying to handle global warming. Most politi
            cal discussions and certainly the international agreement in Kyoto, which we will
            discuss below, focus on limiting carbon emissions, through taxes, quotas or bans. While this will lower present-day
            emissions, it also carries a huge price tag in lower economic growth, of the order
            of 1–2 percent of our GDP.
         

         
         However, what matters much more in the coming transition to a non-fossil fuel future
            is the relative cost of solar power, wind power and fusion compared to carbon-based
            energy sources.2359 Thus, the truly important point is to make sure these renewable energy sources rapidly
            decrease in price, and this again requires substantially increased funding for much
            more research.2360 Moreover, the cost of such energy research would be orders of magnitude cheaper than
            the cost of limiting carbon emissions. The current US research and development cost
            for renewable energy is about $200 million per year.2361 Even a tenfold increase to $2 billion a year would pale beside the cost of even a
            small-scale carbon intervention (a cost of 1 percent GDP would for the US be about
            $80 billion a year) and a $100 carbon tax would generate about $200 billion a year.2362

         
         To sum up, the previous IPCC business-as-usual scenario and its usage as background
            for a 1 percent CO2 increase lead to overestimates in the speed of global warming.
         

         
         Furthermore, the IPCC decision to treat all scenarios as likely means that a scenario
            such as A1FI is plausible: although fossil fuel prices soar and solar power price
            plummets, we will still predominantly use fossil fuel at the end of the century. Yet,
            such a scenario is unlikely under reasonable technological assumptions. Rather, more
            plausible assumptions point towards almost complete fossil fuel substitution over
            the twenty-first century, drastically limiting global carbon emissions, and restricting
            temperature increases at or below the B1 temperature. This more realistic understanding
            also makes us focus on what may be needed to nudge the future towards a more A1T-like
            development – the need to make renewable energy competitive through intensified research.
         

         
         What seems necessary is to understand that we will undoubtedly still use fossil fuels
            for many years to come. In order to handle global warming, we need not necessarily
            phase out fossil fuels rapidly. Instead we need to make sure that, through sufficient
            research funding, sun, wind and fusion will become competitive energy sources before
            or by mid-century. This will cost much less and give rise to only a smaller temperature
            increase.
         

         
         Consequences: agriculture

         
         We also need to discuss the consequences of global warming. Here, let us leave the
            discussion about the IPCC scenarios, theories and alternative causes and instead make
            the conservative assumption that the IPCC predictions are generally correct. With
            this – conservative – proviso we will investigate the consequences of global warming
            and how they are best handled.
         

         
         The first issue we will look at is the question of agriculture. When Isaac Asimov
            and Frederik Pohl looked at global warming, they found it would cut agricultural productivity
            drastically.2363 Continuing their sinister tone, they pointed out that “this could well imply famines,
            even some quite large-scale ones.”2364 However, this question has been thoroughly investigated by the IPPC. They have studied
            the agricultural impacts by imagining a world with a doubled CO2 level. With the models the IPCC uses for agricultural production, this means a 4.0–5.2°C
            temperature increase – thus at the high end or even beyond the marker scenario outcomes.2365 Moreover, the IPCC imagines this world to take place in 2060, when we would expect
            temperatures to have increased even less. Consequently, this study should be considered
            to be a worst-case scenario.
         

         
         The result can be seen in Table 7.2366 First, the IPCC investigated the effect of the temperature increase itself. A temperature increase will produce both winners and
            losers, but because the computer models still have difficulty producing reliable regional
            predictions it is difficult to define the effects as regards individual countries.2367 It is assumed, however, that there will be an overall increase in rainfall of between
            10 and 15 percent.2368 All in all, if all that happens is a drastic temperature increase, a slight precipitation
            increase and yet farmers go on as if nothing had happened, it is no wonder that the
            world’s cereal production would be reduced by 11 to 20 percent (the first row of Table 7).2369

         
         

         
         Table 7 Change in percentage of cereal production in the event of an equilibrium doubling
            of CO2 in 2060 (causing 2.5–5.2°C temperature increase) compared to a world without warming.
            Intervals from three different climate models, and results from four degrees of realism.
            Source: IPCC 1996b:451, from Rosenzweig and Parry 1994:136.
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         This hypothetical situation would have an equally drastic effect on both industrialized
            and developing countries, although the industrial countries would experience a higher
            degree of variation. It is, however, important to comment on these two percentages:
            since even the most pessimistic evaluation from the UK Met Office expects that cereal
            production will grow dramatically over the next 50 years, these falls do not mean
            that overall production will fall. A 1999 study using the Met Office model estimates
            that in 2080 production might be not 94 percent greater than today but only 90 percent
            greater.2370

         
         Most plants (especially wheat and rice) grow considerably better when there is more
            CO2 in the atmosphere – CO2 actually works as a fertilizer.2371 Moreover, a higher temperature usually further enhances the CO2 fertilizing effect.2372 Average productivity will increase by about 30 percent although the variations can
            be between –10 percent and as much as +80 percent.2373 Naturally, if this effect is taken into account, production declines will be smaller,
            and this is reflected in the second row in Table 7.
         

         
         The light adjustment refers to the fact that individual farmers might adjust the planting
            date and perhaps change to another variety of the same crop. The moderate adjustment
            refers to changing the planting date by more than a month, changing to a different
            crop or perhaps extending irrigation.2374 Both changes are clearly sensible to expect as responses over a 50–100 year period.2375

         
         Thus, looking at the global outcome in the bottom row of Table 7, it is clear that even a rather high temperature increase will not be particularly
            damaging in terms of agricultural production. In fact, the 2001 IPCC report finds
            that the effects “of climate change on agriculture after adaptation are estimated
            to result in small percentage changes in global income, and these changes tend to
            be positive for a moderate global warming, especially when the effects of CO2 fertilization are taken into account.”2376

         
         There is, however, a relatively large difference between the relative outcome of global
            warming for the industrialized world and the developing world. Generally speaking,
            the industrialized countries will gain both the advantage of a longer growing season
            and a CO2 fertilizer effect. The developing countries, on the other hand, may also benefit
            from the fertilizer effect but the temperature increase will, all in all, have a negative effect. Furthermore, it is assumed that the industrial
            countries, with their greater economic resources and better infrastructure, will find
            it easier to secure the necessary changes in farming methods to counteract the effect
            of a temperature increase.2377

         
         As far as agriculture is concerned, global warming will be tough on the developing
            countries while probably being advantageous to the industrialized world.2378 However, since these changes will be gradual and in all likelihood not make their
            mark until the middle of the twenty-first century, it is also highly probable that
            many developing countries will by that time be considerably richer and better developed
            and therefore be more capable of handling the problems of the future than is suggested
            in the current IPCC analyses, based as they are on access to current resources.2379

         
         Finally, it is important to point out that IPCC in its evaluations apparently does
            not consider the fact that over time new varieties of crops will be developed which
            are better able to exploit higher temperatures and higher CO2 concentrations. Along with the somewhat unrealistic assumption of a 4.0–5.2°C temperature
            increase in 2060 and the assumption of present-day resources for the developing world,
            this also tends to indicate that the figures in Table 7 should be seen as a worst-case estimate.2380

         
         Consequences: sea level rise

         
         In the popular press and in statements from many politicians it has become standard
            to claim that global warming will lead to increased storms, hurricanes, El Niños and
            pretty much any kind of extreme weather. Tellingly, Newsweek’s 1996 cover on global warming featured a man lost in a blinding blizzard with the
            claim: “THE HOT ZONE: blizzards, floods & dead butterflies: blame it all on global
            warming.”2381 Reporting on the new IPCC report, the cover story of U.S. News & World Report told its readers in February 2001 how “global warming could cause droughts, disease,
            and political upheaval” and other “nasty effects, from pestilence and famine to wars
            and refugee movement.”2382 In the US, the consequences could be dire: “By midcentury, the chic Art Deco hotels
            that now line Miami’s South Beach could stand waterlogged and abandoned. Malaria could
            be a public health threat in Vermont. Nebraska farmers could abandon their fields
            for lack of water.”2383 Let us try briefly to look at a number of these claims, and more closely at the most
            important, namely the worry over increased meteorological catastrophes.
         

         
         First, global warming has often been connected to oceans that will rise several meters
            and polar ice caps that begin to melt.2384 An article in the UNESCO Courier showed us a picture of a large iceberg detaching, asking us: “Will global warming
            melt the polar ice caps?”2385

         
         There are, however, no grounds for these worries. It is right that the first models
            predicted extreme sea level increases but these predictions have since been falling
            constantly.2386 The global water level has risen between 10 and 25 cm over the last hundred years
            and as can be seen in Figure 137, it is envisaged that it will rise by a further 31–49 cm (12–19 in) over the next
            hundred.2387 About three-fourths of this rise is due to the fact that the water has got warmer
            and therefore expanded, and only one-fourth comes from changes in glaciers and increased
            runoff from ice caps.2388 Yet, Greenland contributes virtually nothing over the coming century (2.5 cm or 1
            in) and Antarctica actually decreases sea level with about 8 cm (3 in).2389

         
         The increase is predicted, however, to make more people exposed to recurrent flooding.2390 The IPCC assess that given a 40 cm sea level increase, the number of people at risk
            of annual flooding will – depending on adaptive responses – increase by 75 to 200
            million in the 2080s, compared to no sea level increase.2391 Yet, if we look at the model behind these figures, it shows us several things. First, it looks at the number of
            people at risk, with constant protection and no sea level rise. Since population increases,
            this also means increasing populations in risk areas, and consequently, the number
            of people at risk increases from 10 million today to 36 million in the 2080s.2392 However, since the world also gets much richer, it can afford more protection, and
            consequently, the model shows that increased protection will make the total number
            at risk in the 2080s only 13 million.2393

         
         Now, the model looks at a 40 cm rise and constant protection, which gives 237 million
            people at risk in the 2080s – some 200 million more people, as quoted by the IPCC.2394 But surely, it is unreasonable to assume that a much richer world will make no improvement
            in sea protection, so this number seems rather irrelevant even to include in the IPCC
            Summary for Policymakers. Thus, finally the model looks at a 40 cm rise and evolving protection, showing 93
            million people at risk in the 2080s – 70 million more than with no sea level rise.2395 This figure, however, is still unrealistic, because the model explicitly assumes
            that “evolving protection only includes measures that would be implemented without
            sea-level rise.”2396 It seems plainly unreasonable to assume that in a much richer world, where developing
            countries will be at least as well off as the industrialized countries are today (Figure 149), responses would be made only to protect against a sea level 80 years ago and not
            against the actual sea level rise. Moreover, the total cost of protection is fairly low, estimated at
            0.1 percent of GDP for most nations, though it might be as high as several percent
            for small island states.2397

         
         Consequently, it seems likely that rich countries (as almost all countries will be
            by the end of this century) will protect their citizens at such a low price that virtually
            no one will be exposed to annual sea flooding. This does not mean that sea level rising
            is not costly – we would rather live in a world without having to pay such a cost,
            and below we will discuss how to incorporate sea level costs along with many other
            costs from global warming to assess the total magnitude of the problem.
         

         
         Likewise, when the IPCC tells us in the Summary for Policymakers how “potential damages to infrastructure in coastal areas from sea level rise have
            been projected to be tens of billions of dollars for individual countries, for example
            Egypt, Poland, and Vietnam,”2398 they neglect to tell us that these losses will not occur. For Egypt, the $35 billion estimate comes from simply allowing 30 percent of Egypt’s
            second largest city, Alexandria, to be inundated, without the government taking action.2399 Unfortunately the analysis makes no attempt to estimate the cost of avoiding such
            loss. For Poland, the estimate of $28–46 billion2400 equally comes from allowing cities and farmland to be flooded by an extreme 100 cm
            sea level increase. The Polish analysis, however, shows that even a full protection against the extreme flooding will cost the much lower amount of $6.1 billion2401 and with a more likely sea level increase of 30 cm, the full protection cost will
            be $2.3 billion and a partial protection just $1.2 billion.2402 Again, the implication is that relatively cheap measures will be taken to avert costly
            inundation.
         

         
         Summing up, we have to constantly keep focus on the fact that humanity has dealt with
            and overcome problems all through history. We have actually already experienced a
            significant sea level increase over the past century, and we have handled that. As
            the IPCC writes in the executive summary, “human settlements are expected to be among
            the sectors that could be most easily adapted to climate change, given appropriate
            planning and foresight and appropriate technical, institutional, and political capacity.”2403 This is why it is plainly implausible, as U.S. News & World Report let us believe, that “by midcentury, the chic Art Deco hotels that now line Miami’s
            South Beach could stand waterlogged and abandoned.”2404 Sea level change in 2050 will be no more than the change we already have experi enced over the past 100 years (Figure 137)2405 or indeed pretty much the change the Art Deco hotels from the 1920s and 1930s have
            already experienced.2406 Moreover, with sea level changes occurring slowly throughout the century, economically
            rational foresight will make sure that protection will be afforded only to property
            that is worth more than the protection costs and settlements will be avoided where
            costs will outweigh benefits.2407 Thus, the IPCC cite the total cost for the US national protection and property abandonment for a 1 meter sea level rise (more than twice what is expected
            in 2100) at about $5–6 billion over the century.2408 Considering that the adequate protection costs for Miami would be just a tiny fraction
            of this cost spread over the century, given that the property value for Miami Beach
            in 1998 was close to $7 bil-lion,2409 and that the Art Deco Historic District is the second tourist magnet in Florida after
            Disney, contributing over $11 billion annually to the economy,2410 16 cm (6 in) will simply not leave Miami Beach hotels waterlogged and abandoned.
         

         
         Consequences: human health

         
         It is often assumed that global warming will put human health under greater pressure.2411 The IPCC finds that higher temperatures will cause an increase in death and illness,
            especially among the old and the urban poor, with limited access to air conditioning.2412 The IPCC does not discuss the fact that a much richer world will be far more able
            to afford most people access to air-conditioning. Moreover, reporting on human health
            often leaves out that in a warming world, there would also be fewer people dying from
            cold weather. Generally, there is no doubt that more people die from cold weather
            – some 15–20 percent higher death rates in winter compared to summer.2413 Twice as many people die in the US from cold as from heat, and it is estimated that
            about 9,000 fewer people would die in the United Kingdom each winter if there were
            greenhouse warming.2414 However, since the winter-associated mortality is less strongly associated with temperature,
            it is unclear whether a warming world will all in all experience fewer or more deaths.2415

         
         A recent study of many different regions in Europe showed that the populations have
            adjusted successfully to mean summer temperatures ranging from 13.5°C to 24.1°C, and
            while heat-related mortality started around 17.3°C in north Finland, it first set
            in at 22.3°C in London, and at 25.7°C in Athens.2416 Heatrelated deaths occur not beyond a certain fixed temperature, but somewhat beyond
            the usual temperature. This clearly shows that local populations can successfully adjust to
            protect themselves from heat stress. The authors conclude that this also indicates
            that populations are likely to be able to successfully adjust to increased temperatures
            from global warming, “with little increase in heat related mortality.”2417 At the same time, all populations showed much greater deaths in winter time, and
            thus even a small decrease in winter deaths would greatly outweigh a small heat death
            increase.2418

         
         Likewise, it is often pointed out that with increasing temperatures the potential
            area of tropical diseases such as malaria will increase, because the mosquitoes that
            transmit malaria ordinarily need winter temperatures above 16–18°C to survive.2419 However, this point ignores the many species that can hibernate in sheltered sites,
            and it ignores the fact that throughout the Little Ice Age, malaria was a major epidemic
            disease in Europe and far into the Arctic Circle.2420 It was only in the late 1800s that England began to rid itself of malaria, through
            better building techniques and cheaper medicine.2421 Malaria was still endemic in Finland, Poland and Russia, and in the countries bordering
            the Black Sea and the eastern Mediterranean till after World War II, and at that time
            malaria in the US was still endemic in 36 states, including Washington, Oregon, Idaho,
            Montana, North Dakota, Minnesota, Wisconsin, Iowa, Illinois, Michigan, Indiana, Ohio, New York, Pennsylvania
            and New Jersey.2422 Thus, although the potential area of malaria could be expanded by global warming, the experience from Europe and
            the US shows that combating malaria is primarily a question of development and resources
            – development to ensure efficient monitoring of the disease, resources to secure a
            strong effort to eradicate the mosquitoes and their breeding grounds.2423 In one – otherwise very pessimistic – summary of US health risks, it is found that
            reestablishment of malaria due to a warming climate “seems unlikely” as long as the
            current infrastructure and health care systems are maintained.2424 Thus, the U.S. News & World Report worry for malaria as a “public health threat in Vermont”2425 seems unfounded.
         

         
         Mathematical models, merely mapping out suitable temperature zones for mosquitoes,
            show that global warming in the 2080s could increase the number of people potentially exposed to malaria by 2–4 percent (260–320 million people of 8 billion at risk.)2426 Yet, the IPCC points out that most of the additionally exposed would come from middle-
            or high-income countries, where a well functioning health sector and developed infrastructure
            makes actual malaria unlikely.2427 Thus, the global study of actual malaria transmission shows “remarkably few changes, even under the most extreme scenarios.”2428

         
         Consequences: extreme weather

         
         One of the most repeated claims of global warming is that is causes extreme weather,
            for instance that it intensifies El Niño. Al Gore has claimed that “we know that as
            a result of global warming, there is more heat in the climate system, and it is heat
            that drives El Niño … Unless we act we can expect more extreme weather in the years
            ahead.”2429 Likewise, the National Wildlife Federation issued in 1999 a report with the title
            “El Niño and wildlife: you can’t fool Mother Nature.”2430 Here they predicted increasing numbers of extreme weather events like El Niño, which
            could spell the end of threatened and endangered species, such as the salmon of the
            Pacific Northwest, the brown pelican in California, and South America’s Galapagos
            and Humboldt penguins.
         

         
         The El Niño phenomenon is naturally recurring every 3–5 years, changing the weather
            patterns in the south Pacific, much as the weaker Atlantic oscillation affects the
            European weather.2431 Essentially, El Niño relaxes or reverses the trade winds, bringing heat and heavy
            rains to Ecuador and Peru, whereas the flip-side La Niña strengthens the trade winds,
            bringing heavy rains to the far western tropical Pacific.2432

         
         The driving forces behind the fluctuation are not yet clearly understood, but El Niño/La
            Niña has occurred regularly over the last 5,000 years.2433 Nevertheless, the two most intense El Niño episodes in the twentieth century occurred
            within the past two decades, in 1982 and 1997.2434 Obviously, a lot of speculation has gone into whether this is caused by global warming.
            Several historical studies seem to indicate that this need not be so. In the words
            of one Nature article, several El Niño “events that occurred before 1880 had effects at least as
            intense and wide-ranging as those associated with the current event.”2435 And a study in Science using archaeological and palaeontological evidence documented how El Niño had not
            been active in the early mid-Holocene (8,000–5,000 years ago), when global and regional
            climate was 1–2°C warmer than it is now.2436 This could be seen to imply that a warmer climate would if anything turn El Niño
            off. Also, evidence indicates that there is a large-scale pattern over the century,
            making El Niños stronger and weaker, and that since 1977 it has been in the stronger
            mode.2437

         
         Computer models of future El Niños in a warmer world have given inconclusive results.
            Some have predicted increasing frequency, whereas others have found no change within
            the next couple of hundred years.2438 In the newest 2000 review in Nature, these models are generally characterized as failing to be realistic. In conclusion,
            it is found that several “projections have been made and yield results that differ
            from one another. At this time, it is impossible to decide which, if any, are correct.”2439 Likewise, the IPCC finds that “the confidence in models and understanding is inadequate
            to make firm projections.”2440

         
         As a curiosity it is perhaps worth pointing out that in years with El Niño the US
            experiences the least hurricane damage. Strong statistical results show that in El Niño years, the risk
            of two or more landfalling hurricanes is just 28 percent as opposed to the normal
            48 percent.2441 Actually, the most danger comes in La Niña years, where the risk of two or more landfalling
            hurricanes increases to 63 percent.
         

         
         Possibly the most common claim in the popular press and in statements from many politicians
            is that global warming will lead to increased frequency of storms, hurricanes and
            general extreme weather.2442 The main thrust of Newsweek’s 1996 cover story on global warming was one of possible “catastrophic global warming”
            with “more floods, worse hurricanes.”2443 The US experience was summed up in this way: “The weather is always capricious, but
            last year gave new meaning to the term. Floods, hurricanes, droughts – the only plague
            missing was frogs. The pattern of extremes fit scientists’ forecasts of what a warmer
            world would be like.”2444 Likewise, in a story on the political choices in global warming, Congressional Quarterly told us how since the signing of the Kyoto Protocol “the weather has intensified
            … It was a time of killer storms, such as Hurricane Mitch, raging wildfires in Florida
            and stifling drought in Texas. Floods in China displaced an estimated 56 million people.”2445 In their summer 2000 cover story, the Earth Island Journal even told us how extreme weather is linked to global warming and will give us “higher
            (and lower) temperatures, fiercer winds, deadlier floods, longer droughts, and an
            increased frequency of dust storms, tsunamis, storm surges, tornadoes, hurricanes
            and cyclones.”2446 The Global Environmental Outlook 2000 also claims that “global warming models indicate that rising global temperatures
            are likely to affect many atmospheric parameters including precipitation and wind
            velocity, and raise the incidence of extreme weather events, including storms and
            heavy rainfall, cyclones and drought.”2447

         
         These many confident statements are surprising and conflict clearly with the 1996
            findings of the IPCC, which set aside an entire section to discuss the question: “Has
            the climate become more variable or extreme?”2448 In conclusion, the IPCC found:
         

         
         Overall, there is no evidence that extreme weather events, or climate variability,
            has increased, in a global sense, through the twentieth century, although data and
            analyses are poor and not comprehensive. On regional scales there is clear evidence
            of changes in some extremes and climate variability indicators. Some of these changes
            have been toward greater variability; some have been toward lower variability.2449

         
         In the new 2001 report, IPCC has only found that there has been an increase in precipitation and in heavy and extreme precipitation
            (see below).2450 However, for tropical and extratropical storms, “intensity and frequency are dominated
            by interdecadal to multidecadal variations, with no long-term trends evident.”2451 Moreover, no systematic changes in the frequency of tornadoes, thunder days, or hail
            are evident in the limited areas analyzed.”2452

         
         This lack of evidence was made even clearer in an overview article in Science by one of the main GCM modelers:
         

         
         There are a number of statements in informal writings that are not supported by climate
            science or projections with high-quality climate models. Some of these statements
            may appear to be physically plausible, but the evidence for their validity is weak,
            and some are just wrong. There are assertions that the number of tropical storms, hurricanes, and typhoons per year will increase. That is possible, but there
            appears to be no credible evidence to substantiate such assertions. Assertions that
            winds in midlatitude (versus tropical) cyclones will become more intense do not appear
            to have credible scientific support.2453

         
         Theoretically, several models have looked especially at tropical cyclones (aka tropical
            storms, hurricanes or typhoons, depending on origin) because these globally are by
            far the deadliest and costliest natural weather disasters.2454 The IPCC concluded in 1996 that “it is not possible to say whether the frequency,
            area of occurrence, time of occurrence, mean intensity or maximum intensity of tropical
            cyclones will change.”2455 Some climate models show an increasing number of cyclones while others show decreasing
            trends.2456 Equally, for extratropical storms, GCMs have found both increasing, stable and decreasing
            trends.2457 However, these GCMs are consistently poor at recreating past pat-terns2458 and poor at predictions,2459 and they cannot generally simulate cyclone activity.2460

         
         Thomas Karl from the NOAA along with several other members of the IPCC wrote an overview
            in Scientific American, where the conclusion was that “overall, it seems unlikely that tropical cyclones
            will increase significantly on a global scale.”2461 In 1998, the UN World Meteorological Organization produced a post-IPCC assessment
            of tropical cyclones and global climate change. Their conclusion was that “the very
            modest available evidence points to an expectation of little or no change in global
            frequency.”2462 The 2001 IPCC still finds the issue unresolved: “there is no general agreement yet
            among models concerning future changes in midlatitude storms (intensity and frequency)
            and variability,”2463 and “there is some evidence that shows only small changes in the frequency of tropical
            cyclones.”2464

         
         The observed evidence also counts against the idea of increased frequency of tropical
            cyclones. Generally, it has been impossible to establish a reliable global record
            of variability of tropical cyclones through the twentieth century because of changing
            observing systems and population changes in tropical areas.2465 Based on relatively short time series, the Northwest Pacific basin has shown an increase
            in tropical cyclones since 1980, preceded by an almost identical decrease in frequency
            from about 1960 to 1980. Since the 1960s, the Northeast Pacific has experienced a
            significant upward trend in tropical cyclone frequency, the North Indian Ocean a significant
            downward trend, and no appreciable long-term variation was observed in the Southwest
            Indian Ocean and Southwest Pacific. Finally, the numbers of tropical cyclones occurring
            in the Australian region have decreased since the mid-1980s.2466

         
         However, the North Atlantic has good cyclone data because weather aircraft have reconnoitered
            there since the 1940s.2467 Here, it turns out that although there are great decadal variations, the trends are
            generally declining, with a noticeable quiet period in the 1970s and 1980s.2468 Particularly, it turns out that the number of intense cyclones (those that cause
            the greatest damage)2469 has been declining, as has the number of cyclone days. Equally, and as shown in Figure 152, the average wind of an Atlantic cyclone has been decreasing over the past half-century.
            Moreover, the record of US cyclone landfall goes back to 1899 and shows no increase
            either in total or split into East Coast or Gulf Coast landfalls (actually all three
            show a small, statistically insignificant decline).2470

         
         Despite this rather overwhelming theoretical and observed evidence against popular,
            sweeping statements of increased storms and hurricanes, they are nevertheless often
            made. Cavalier statements abound, as when Worldwatch Institute tells us how global
            warming causes higher temperatures, where the result is that “storm systems are more
            intense, more frequent, and more destructive.”2471

         
         Meteorologically unsubstantiated claims of more extreme weather are often backed up by the economic observation of ever increasing
            weather-related costs. Worldwatch Institute tells us in their 2000 overview of the
            world how “some of the expected effects of climate change, such as more destructive
            storms … are now becoming evident. Weather-related damage in 1999 totaled $67 billion
            worldwide, the second highest after the 1998 figure of $93 billion. Weather-related
            damage world-wide during the 1990s was more than five times the figure during the
            1980s.”2472 Both Worldwatch Institute and many others have presented these increasing weather-related
            costs (Figure 153) as testimony to a world at the peril of ever more extreme weather.2473
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         Figure 152 The mean annual maximum sustained wind speed for Atlantic basin cyclones 1945–96.
            Source: Landsea et al. 1999:108, updated from IPCC 1996:170, Landsea et al. 1996.
         

         
         However, it is unclear if a direct comparison of costs, even in constant dollars,2474 is reasonable. Comparing costs over long periods of time ignores the change in population
            patterns and demography as well as economic prosperity. World-wide, there are twice
            as many people today as in 1960, each is more than twice as rich, most probably have
            more than doubled their physical wealth, and many have migrated to low-lying and coastal,
            riskprone areas.2475 Thus, there are many more people, residing in much more vulnerable areas, with many
            more assets to lose. In the US today, the two coastal South Florida counties, Dade
            and Broward, are home to more people than the number of people who lived in 1930 in
            all 109 coastal counties stretching from Texas through Virginia, along the Gulf and Atlantic
            coasts.2476 While the US population has quadrupled over the century, the Florida coastal population
            has increased more than 50-fold.2477
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         Figure 153 Economic losses from weather-related natural disasters, 1960–2000, in constant 2000
            US$. Source: WI 1999b, 2000a:77, Munich Re 2001:8, CPI 2001.
         

         
         Moreover, in taking the entire weather-related cost of the world, as in Figure 153, we include flooding, which is a disaster only weakly connected to climate itself.
            Rather, in an Office of Technology Assessment report, it was pointed out that flooding
            is caused primarily by increasing populations, development and conversion of flood-moderating
            wetlands as well as lack of information and clear policies.2478 In the record year of 1998, almost half the costs came from flooding disasters.2479 Actually, $30 billion or one-third of the total loss came from a single catastrophic summer flooding of the Yangtze and Songhua areas
            in China, and here Worldwatch Institute itself points out that the catastrophe was
            in large measure caused by clear-cutting forests on the upstream slopes, causing more
            rapid runoff.2480
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         Figure 154 US hurricane damage, 1900–95. Left panel shows the actual economic cost in 2000$,
            right panel shows the cost, if the hurricanes had hit today, with the contribution
            of the two costliest hurricanes singled out. Note, annual, average values of decadal
            costs, except the 1990s only covering the first 6 years. Also, damage for 1900–25
            is underestimated and more uncertain due to poor data availability. Source: Pielke
            and Landsea 1998, CPI 2001.s
         

         
         Let us instead try to look at one of the best long-term, clearly weather-related loss
            records, namely hurricane damage in the US. Here we see a pattern of inflation-adjusted
            hurricane cost in the left part of Figure 154, much like the global one in Figure 153. What we see are small costs through the earlier part of the century, escalating
            towards very high costs in the 1990s, with the 1992 Hurricane Andrew as the all-time
            high at 30 billion 1999$.2481 Two researchers from NOAA and NCAR wondered whether the reason why the early part
            of the century got off so much more cheaply was because there were fewer people and
            fewer assets to be harmed. Thus, they asked the hypothetical question: what would
            the damage have been, if all hurricanes throughout the century had hit a US like the
            one today?2482 The answer can be seen in the right part of Figure 154. Suddenly, an unnamed category 4 hurricane in 1926, hitting just north of where Hurricane
            Andrew hit in 1992, would have created the most damage ever at an estimated cost of
            $69 billion – more than twice the cost of Andrew.2483 The important point, of course, is that when we look at hurricane damage and have
            taken out the variability from increased wealth and increased concentration of people
            in coastal areas, the tendency towards ever greater meteorological damage disappears.2484 The 1990s look like the 1920s, 1940s or 1960s.
         

         
         We get the same conclusion from several other places.2485 Munich Re, the world’s largest re-insurer company, provided the weatherrelated loss estimates used by Worldwatch Institute and in Figure 153. In Munich Re’s annual catastrophe review they point out how natural catastrophes
            have tripled and inflation-adjusted costs increased ninefold.2486 This statement is repeated almost verbatim by Worldwatch, but without Munich Re’s
            ensuing paragraph.2487 Here, Munich Re explains why we see the increase:
         

         
         The main reasons for this dramatic increase are the concentration of population and
            values in a constantly growing number of larger and larger cities often located in
            high-risk zones, the greater susceptibility of modern industrial societies to catastrophes,
            the accelerating deterioration of natural environmental conditions and also, as far
            as insured losses are concerned, the increasing insurance density in the sector of
            natural hazards.2488

         
         No mention of global warming. Though Munich Re and their lead scientist, Dr. Gerhard
            Berz,2489 worry about global warming, Berz has also pointed out in several papers that the
            main causes of increasing weather-related costs are human:2490

         
         In the last few decades, the international insurance industry has bean confronted
            with a drastic increase in the scope and frequency of great natural disasters. The
            trend is primarily attributable to the continuing steady growth of the world population
            and the increasing concentration of people and economic values in urban areas. An
            additional factor is the global migration of populations and industries into areas
            such as coastal regions, which are particularly exposed to natural hazards. The natural
            hazards themselves, on the other hand, have not yet shown a significant trend, in
            spite of a number of indications.2491

         
         Berz was also co-author on the post-IPCC assessment mentioned above, where they found
            “little or no change” in tropical cyclones.2492 And Munich Re’s competitor, the second largest reinsurer, Swiss Re, has reached the
            same conclusion on catastrophes:
         

         
         

         
         Since 1970 the extent of natural and man-made catastrophes covered by [Swiss Re] has
            increased. This reflects bigger potential losses due to:
         

         
         – higher population densities

         
         – more insured valuables in endangered areas

         
         – higher concentration of values in industrialised countries2493

         
         

         
         In conclusion, a 1999 American damage study of not only hurricanes but also floods
            and tornadoes “did not show an increase during the 1990s, revealing that weather changes
            were not the principal cause of more catastrophes.”2494 All in all, “the high losses and numerous catastrophes of the 1990s were largely
            the result of societal changes and not major weather changes.”2495 These findings have been backed up by several other, new studies.2496
	
         
         Consequences: present and future weather

         
         But after looking at all the claims that cannot be made on behalf of global warming, then what actually has happened and what can
            we expect to happen with the climate? Again, we will conservatively dispense with
            all the other reservations about scenarios, alternative models, sensitivity and data
            problems, and merely assume that the GCMs give us a reasonable picture of the future.
         

         
         When answering questions about global warming, the most obvious point is that the
            temperature has increased some 0.6°C over the past century (Figure 135).2497 However, it turns out that the global temperature increase does not mean that everything
            has just got a bit warmer. Actually, there is a general strong trend that it is the
            cold temperatures that have warmed the most.2498

         
         Globally, minimum (night) temperatures have increased much more than maximum (day)
            temperatures. This characteristic is evident for all seasons and both hemispheres
            in Figure 155. From 1950–1993, the global trend has been just 0.1°C/decade for maximum temperatures whereas the minimum temperatures
            have increased by 0.2°C/decade.2499 The tendency has also been observed individually for the US, China, England, and
            Northern and Central Europe.2500 At the same time, more warming has taken place during the winter than during the
            summer,2501 which is also clear for the northern hemisphere in Figure 155, where the temperature increase has been strongest in winter and spring.2502 Finally, winter temperatures have been warming the most in colder locations – actually,
            more than three-quarters of the winter warming in the northern hemisphere has been
            confined to the very cold high-pressure systems of Siberia and northwestern North
            America.2503
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         Figure 155 Seasonal trends from 1950 to 1993 of maximum and minimum temperatures for the Northern
            and Hemispheres, in °C per century. The statistics cover 54 percent of the total global
            land area and are from non-urban stations only. Source: Easterling et al. 1997.
         

         
         Not surprisingly, this has meant that both the US, Northern and Central Europe, China,
            Australia and New Zealand have experienced fewer frost days.2504 However, since most of the warming has happened to cold temperatures, only Australia
            and New Zealand have had their maximum temperature go up.2505 For the US, the maximum temperatures show no trend and for China the maximum has
            even declined.2506 For the Central England Temperature series, the longest temperature record in the
            world, going back to 1659, there has been a clear reduction in the number of cold
            days, but no increase in the number of hot days.2507

         
         Generally speaking, it is much better that warming happens when it is cold than when
            it is warm. It means that cold-related stresses (e.g. influenza, strokes and heart
            attacks)2508 are alleviated without heat-related stresses (e.g. heat strokes)2509 setting in. Actually, an argument could be made that overall such warming would be
            beneficial. For the US, it turns out that despite much regional and temporal variation
            the number of days with extreme high temperatures has been declining slightly over the past century.2510

         
         Also, less cold and no more heat means relatively more agricultural output. This is
            especially true when we attempt to estimate the long-term consequences of global warming.2511 In the IPCC study on the agricultural impact of global warming (Table 7), the models did not take into account that warming would generally take place for
            colder temperatures.2512 However, a recent study using four different GCMs shows that when allowing for most
            of the temperature increase to take place at night, increases in yields are 0–16 percent,
            with most crops around 7–8 per-cent.2513 For this reason also, it is reasonable to expect that Table 7 is a worst-case estimate.
         

         
         It is also likely that warming will cause more precipitation.2514 Already now, most of the places surveyed show more rain, for example the US, western
            Russia, southern Canada, coastal eastern Australia and South Africa, whereas Japan,
            northeastern China, Ethiopia, western Kenya and Thailand show less rain.2515 Moreover, it seems that with more rain, there will typically also be more heavy rain.2516 Thus it is shown for the US that there has been an increase in days with heavy rain,
            and these increases are responsible for about half the total precipitation increase.2517 While increasing heavy rain, everything else being equal, will increase the risk
            of flooding, it is important to realize that physical planning, as mentioned above
            (conserving flood-moderating wetlands, decreasing upstream runoff, maintaining dams
            and levees, better information, etc.),2518 is probably more important in determining the extent of a possible disaster.2519 Moreover, a USGS study of 395 undisturbed streamflows showed less drought but no
            increase in flooding.2520

         
         Perhaps more surprisingly, it seems that although precipitation generally is increasing,
            drought has not been decreasing as much, at least since the late 1970s.2521 In some areas, mainly the US and Europe, both drought and moisture surplus have been
            increasing over the past 20 years. Although this is still a rather short time span
            and the changes are within the limits of natural variation over the century, they
            also could point towards a climate of greater extremes of precipitation.2522

         
         Finally, the combined increase in temperature, CO2 and precipitation will make the Earth greener. Over the millennia and centuries,
            human activities have changed the vegetation, mainly through fire and conversion from
            forests to fields. Through carbon budgets, it is estimated that humans have reduced
            the total live vegetation mass over the past 6,000 years some 30 percent, 20 percent
            alone within the last 300 years.2523 However, with continued fossil fuel use, increasing CO2 concentrations will fertilize the globe. A test of six different vegetation models
            using the IS92a scenario shows that global biomass will increase more than 40 percent
            over the century, almost back to prehistoric levels, as can be seen in Figure 156.2524

         
         Equally, Earth’s food resource or the Net Primary Production (NPP) is estimated to
            increase by some 80 percent (Figure 156). We discussed NPP in relation to the worry of Professor Ehrlich and others that
            humans appropriate or forgo 40 percent, or 58.1 billion tons, of the natural production
            (p. 99).2525 It is worth noting that the expected increase in NPP from increased CO2 is about 90 billion tons or about 50 percent more than the entire human appropriation.
         

         
         Summing up, it is not true that global warming has made us experience or will make us experience great
            increases in hurricanes and storms, and likewise the claim of an unprecedented and
            ever stronger El Niño seems weak and theoretically unsubstantiated. However, it is
            true that the temperature has increased, although mainly at night, in the winter,
            and in cold places. Such reduction in cold extremes without increasing heat extremes
            has in many respects been beneficial, but if the warming continues, eventually heat
            extremes will also start to take their toll. Likewise, although increased precipitation
            is not necessarily bad – and for some indeed it will be good – a sustained increase would
            increase flood risks. Equally, increasing temperature has caused water levels to rise
            some 10–25 cm, with a prediction of 31–49 cm for the century. While this will probably
            not increase coastal flooding risk (due to increased protection) it will increase
            protection cost. Moreover, higher temperatures might increase evaporation and thereby
            increase the risk of drought.2527
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         Figure 156 Simulated increase in biomass and Net Primary Production (NPP) for increasing temperature
            and CO2, 1850–2100. IPCC business-as-usual scenario, Hadley GCM (HadGCM2), average of 6 different
            Dynamic Global Vegetation Models, measured in weight of dry organic matter.2526 Source: Cramer et al. 2000, cf. White et al. 1999:S24, S26.
         

         
         Thus, while global warming may not produce the immediately nasty and costly weather
            catastrophes that much of the rhetoric has claimed, some weather trends are already
            less desirable and a sustained warming will increase a number of these unwanted trends.
         

         
         The cost of warming

         
         If the global temperature continues to increase over the coming century, it will have
            a whole series of effects, both positive and negative, though mostly negative. We
            have mentioned some of the most important effects above but the second volume of both
            the IPCC’s 1996 and 2001 report describes 800+ pages of possible changes. The question
            really is what the overall consequences of the myriad of individual warming effects will be.
         

         
         This problem is typically addressed by looking at the total cost – in essence, aggregating all the positive and negative effects of global warming
            will give us an overall measure of the impact of global warming. Such cost estimates
            have been made by many models, but since the new IPCC scenarios were only released
            in mid-2000, the estimates have been made using either the old IS92a business-as-usual
            scenario or a so-called 2xCO2 scenario. These latter scenarios, mainly used by IPCC, look at a rather hypothetical
            world, where CO2 levels are instantly doubled and then stabilized (which implies a temperature increase
            of approximately 2.5°C).2528 This means that the cost is undoubtedly overstated, because it is estimated as if
            the 2.5°C increase comes now, and not gradually in the future so that adaptations can be made slowly and smoothly.2529

         
         The new IPCC scenarios cause a much wider temperature range (1.4–5.8°C).2530 Nevertheless, as discussed above, the high end of this range seems somewhat unlikely,
            both due to overestimates in the IPCC’s simple model and because of reasonable expectation
            that renewables will become cheaper than fossil fuels before mid-century, which makes
            a scenario like A1T the most likely (with a total expected temperature increase of
            about 2.5°C),2531 much like the 1996 IPCC expected temperature from IS92a or 2xCO2. Moreover, as we will see below, the physical effect of a marginal curbing of carbon
            emissions is primarily to postpone warming for some years, which means that cost-benefit
            models are primarily affected by the timing of costs and benefits whereas they are very robust to different absolute costs. Consequently
            and in line with available models, we will in the following use the IS92a or 2xCO2 costs and effects, and at the end address the issue of how the new IPCC scenarios
            may change these results.
         

         
         Unfortunately, a 1998 policy decision by the IPCC government representatives2532 decided that the IPCC should no longer look at the economics of climate change but
            rather on how to curb further greenhouse gas emissions.2533 This means that the third IPPC 2001 report has little new information about the costs
            and benefits of global warming and generally less information about the social costs
            and benefits of controlling greenhouse gas emissions. In the following, we will therefore
            mainly look at the previous IPCC report and the independent research results that
            have been published since then.
         

         
         In assessing the total costs of global warming, the IPCC listed a whole series of
            consequences of a doubling of atmospheric carbon dioxide. It includes the cost to
            agriculture, as we saw above, and also looks at forestry, fisheries, energy, water
            supply, infrastructure, hurricane damage, drought damage, coast protection, land loss
            (caused by a rise in sea level, e.g. as in Holland), loss of wetlands, forest loss,
            loss of species, loss of human life, pollution and migration.2534 This naturally involves many uncertainties, and considering the extremely comprehensive
            nature of IPCC studies, not all areas have been investigated equally thoroughly.2535 The most important areas may well be included, but some – such as the transport sector
            and the question of political instability – have still not been addressed.
         

         
         Costs are expressed as the sum of two quantities: the costs of adaptation (building
            dams, changing to other crops, etc.) and the costs we must incur from the remaining
            non-adapted consequences (not all land is saved by building dams, production may fall
            despite the introduction of new crops, etc.).2536

         
         The total annual cost of all the considered global warming problems is estimated to
            be around 1.5–2 percent of the current global GDP, i.e. between 480 and 640 billion
            dollars.2537 In absolute figures, the cost is divided more or less equally between the industrial
            and the developing countries, around 280 billion dollars each.2538 However, since the developed world is about five times richer than the developing
            world, the cost in relative terms is unevenly distributed. The cost to the industrial
            world will be around 1–1.5 percent of their GDP, whereas the cost to the developing
            world will be between 2 and 9 percent.2539

         
         The IPCC 2001 report did not further elaborate these cost estimates. However, it further
            stressed the unequal costs of global warming. In the Summary for Policymakers, it was pointed out:2540

         
         Published estimates indicate that increases in global mean temperature would produce
            net economic losses in many developing countries for all magnitudes of warming studied,
            and that the losses would be greater in magnitude the higher the level of warming.
            In many developed countries, net economic gains are projected for global mean temperature
            increases up to roughly 2°C. Mixed or neutral net effects are projected in developed
            countries for temperature increases in the approximate range of 2 to 3°C, and net
            losses for larger temperature increases. The projected distribution of economic impacts
            is such that it would increase the disparity in well being between developed countries
            and developing countries, with the disparity growing with higher temperatures. The
            more damaging impacts estimated for developing countries reflects, in part, their
            lesser adaptive capacity.2541

         
         This sends us two messages. First, global warming will be costly – on the scale of
            half a trillion dollars annually. Second, developing countries will be hit much harder
            by global warming, partly because they are much poorer and consequently have less
            adaptive capacity.2542

         
         Such costs and such unequal distribution should naturally urge us to consider changing
            course. The solution here is quite simple.2543 If we want to avoid (some of) the temperature increase associated with global warming,
            we must reduce our emissions of greenhouse gases, especially CO2.2544 This was the background to the Kyoto Protocol of December 1997, which was the first
            attempt to reach a binding agreement on reduction of CO2 emissions. It was decided that the so-called Annex I countries (essentially the industrial
            nations) should reduce their overall emissions of CO2 in the period 2008–12 such that they would be 5.2 percent below emissions in 1990.2545 But this does not mean that global warming will be entirely avoided – far from it,
            in fact, because Kyoto did not impose any limit on emissions by developing countries.2546 As a matter of fact we can see that the effect of the Kyoto Protocol will be marginal
            – even if we assume that the Kyoto emission ceilings will be kept in place indefinitely,
            an issue which has not been addressed by the protocol.2547 Several models have calculated that the consequence of Kyoto will be a temperature
            increase by 2100 of around 0.15°C less than if nothing had been done, as can be seen
            in Figure 157.2548 Equivalently, the permanent Kyoto curbs on carbon emissions would result in a sea
            level rise in 2100 which will be just 2.5 cm (1 in) less.2549

         
         As one of the chief negotiators of the Montreal agreement on ozone reductions, Richard
            Benedick, says: “The Kyoto outcome will have an inconsequential impact on the climate
            system.”2550 Similarly, Science tells us that “climate scientists say, however, that it will be miraculous indeed
            if the Kyoto pact … even temporarily slows the accumulation of warming gases in the
            atmosphere.”2551 Actually, looking at Figure 157 it is clear that the reduction in temperature corresponds to a mere six years’ difference
            – the temperature that we would have reached in 2094 (1.92°C) without a deal, Kyoto
            has now postponed to 2100.2552

         
         This of course also means that Kyoto is only a first step. The Danish secretary of
            the environment wrote a week after returning from Japan: “The decision in Kyoto was
            just the first of many future decisions, necessary for solving global warming … In
            Kyoto it was emphasized once again that the development can only really be reversed
            if far greater greenhouse gas reductions are made.”2553
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         Figure 157 The expected increase in temperature with business-as-usual (IS92a) and with the
            Kyoto restrictions extended forever. Broken line shows that the temperature for the
            business-as-usual scenario in 2094 is the same as the Kyoto temperature in 2100 (1.92°C).
            Source: Wigley 1998.
         

         
         Jerry Mahlman of Princeton University added that “it might take another 30 Kyotos
            over the next century” to control warming.2554

         
         The cost of cutting CO2

         
         So how much will Kyoto cost? This very much depends on how the Kyoto Protocol will
            actually be implemented. As signed, the protocol specifies clear targets for each
            participant – the US must cut 7 percent, the EU 8 percent, Canada 6 percent, etc.2555 However, the protocol also establishes the possibility of trading the rights for CO2 emissions.2556

         
         The basic idea is that, for the climate, it is unimportant who emits a ton of CO2, because no matter its origin it will get completely mixed in the atmosphere. Thus,
            if a country (A) can cut its CO2 emissions at a much lower cost than another (B), it would make economic sense if
            A cuts even more that it is supposed to, and B cuts less. In practice, states would
            be given allowances to emit CO2, which they could then use themselves or sell to others. In this case, B would be
            willing to buy emission allowances from A at a higher price than the emission would
            be worth for A itself, leaving both better off. Of course, such a statement is nothing
            but the classic argument for the advantages of free trade.
         

         
         The trading question was hoped to be settled in further meetings in Berlin, Buenos
            Aires and the Hague, but is at the time of writing still unresolved.2557 The US essentially is pressing for a large degree of trade, whereas the EU wants
            most of the promised cuts to be made by the individual states.2558 The possible outcome may be no trade at all; some sort of split deal where the EU
            partners will trade among themselves and the others will trade among themselves (the
            so-called double bubble), trade among all Annex I countries or global trade.
         

         
         In 1999, economists representing 13 different models were assembled by the Stanford
            Energy Modeling Forum to evaluate the Kyoto Protocol, by far the largest effort to
            look into the costs of Kyoto.2559 Half the models were American, half were from Europe, Japan and Australia. Since
            these models of course have different assumptions about future growth, energy consumption,
            alternative costs, etc., their findings often diverge by a factor of 2–4. However,
            they generally found much the same picture in relative terms. Moreover, since each
            scenario was estimated by many models, the figures reported here are the averages
            – representing neither the most optimistic nor the most pessimistic model.2560

         
         The cost of the Kyoto Protocol is depicted in Figure 158. If no trade is allowed the cost is estimated at $346 billion a year around 2010.
            That is equivalent to about 1.5 percent of the region’s present GDP.2561 If trade is allowed within the Annex I countries, the cost drops to $161 billion
            annually. If trade is only allowed within two blocks of Annex I (EU and the others),
            then the cost increases to $234 billion. However, a large share of the cost is borne
            by the EU, since it is cutting itself off from the benefits of trade, whereas the
            US, Japan and the others will actually fulfil their Kyoto targets more cheaply, because
            they will not have to compete with the EU in buying emission permits. Finally, if
            global trade were an option (a problematic assumption, as we will see shortly), the
            cost could be cut even further to $75 billion.
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         Figure 158 The cost of the Kyoto Protocol in 2010 (billion 2000 US$) for the US, EU, Japan and
            Canada/Australia/New Zealand under four different trading assumptions: No trade, trade
            in two blocks of Annex I – inside and outside of EU (Double Bubble), trade in all
            of Annex I, and global trade. Average typically of 6–8 models. Source: Weyant and
            Hill 1999:xxxiii–xxxiv, BEA 2001b–c.
         

         
         It might seem strange that a cut of just 5.2 percent CO2 should cost so much, but this is because the percentage is stated as 5.2 percent
            of 1990 emissions. Since emissions would otherwise have increased with a growing economy (although not as fast as the economy, because the economy gets ever more efficient
            in energy use (Figure 68) and because we switch away from high-CO2 coal to low-CO2 gas), it is estimated that compared to the “natural” CO2 emissions in the OECD in 2010, the Kyoto Protocol actually demands a cut of 28 percent
            by then.2562

         
         Moreover, since the CO2 emissions of the OECD countries would otherwise have continuously increased, keeping
            the Kyoto promise and staying 5.2 percent below 1990 levels will really mean making
            deeper and deeper cuts, such that in 2050 the entire OECD must have cut its “natural”
            emissions by more than 50 percent.2563 Since it is cheapest to cut the first few percent whereas the next get progressively
            more expensive, this also means that the cost of Kyoto will increase over time from
            the price in Figure 158. The OECD estimates that the cost in 2050 will be around 2 percent of the OECD countries’
            GDP, and around 4 percent of GDP in 2100.2564 The actual cost in 2050 will be in the order of more than $900 billion annually.2565

         
         This means that the cost to the OECD countries of complying with Kyoto will – each
            year – by 2050 cost about as much as global warming will cost in 2100 (that is, about
            2 percent of present GDP).2566 And almost the entire cost of global warming in 2100 must nevertheless be paid, because
            the Kyoto emissions reduction will only delay the temperature increase about six years
            in 2100, as was evident in Figure 157. Put very simplistically, the world ends up paying for the trouble from global warming
            twice over – first, every year from 2050 we pay 2 percent of GDP for cutting CO2, and when reaching 2100 we pay 2 percent more because of higher temperatures which
            are almost unaffected by the Kyoto Protocol.
         

         
         The problem is due partly to the fact that the developing countries’ emissions are
            not restricted by the Kyoto Protocol. So while the developed world puts the brakes
            on its emissions, the developing countries are predicted not only to overtake but
            to heavily increase their own CO2 emissions as part of their economic development (Figure 159). Moreover, it is likely that much of the carbon-intensive production will merely
            move to the developing countries, undermining the intent of Kyoto.2567
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         Figure 159 Projected global CO2 emissions in billion tons carbon, if the Annex I countries stabilize their emissions
            slightly below the 1990-level in 2010, as envisaged in the Kyoto Protocol. Non-Annex
            I countries are expected to emit ever more (following emissions in IS92a). Thin black
            lines indicate the level of Annex I and world emissions without Kyoto. Source: Wigley
            1998:2,286, cf. OECD 1994:44.
         

         
         This seems to indicate that in order to achieve any long-term goal of CO2 reduction, the developing world must in one way or another be obliged to introduce
            restrictions. This has also been the position of the US Senate, which in a 95–0 resolution
            stated that exemption of the developing countries is “inconsistent with the need for
            global action” and that the US should not sign a treaty without specific commitments
            for the developing countries.2568 However, achieving such a goal will be hard or maybe even impossible. First, many
            developing countries feel that global warming is caused by the rich countries and
            will mostly harm the developing world. Consequently, reducing greenhouse gas emissions
            should be the responsibility of the developed world. Of course, this would still be
            technically possible with an extended Kyoto agreement which gave the developing countries
            emission permits for the business-as-usual scenario, which the developed world could
            then buy (this is how the cost of Kyoto with global trade in Figure 158 was calculated).
         

         
         However, this underlines the second problem. The value of the total rights to CO2 emissions are staggering, but this will also make the initial assignment of emission
            rights very hard. As the economist Thomas Schelling expresses it: “Global emissions
            trading is an elegant idea, but I cannot seriously envision national representatives
            sitting down to divide up rights in perpetuity worth a trillion dollars.”2569 This would also involve a major redistribution from developed to developing countries.
            And even if the distribution of rights could be decided, a huge hurdle would persist
            in ensuring compliance among countries with weak administrations and the possibility
            of future abandonment of present commitments.2570

         
         Then what should we do?

         
         The effects of global warming will be costly, but it will also be expensive to cut
            CO2. Together these two pieces of information give us no clear idea as to what we should
            do. If we focus on how extensive the damage from global warming will be, we will be
            inclined to intervene now and in a big way – but this approach ignores the cost of
            such intervention.2571 On the other hand, if we focus on the high cost of reducing CO2 emissions then we are inclined just to let things take their course – but this approach
            ignores the ever increasing damages from warming. So the question is in reality how
            best to act.
         

         
         We could, of course, achieve almost instantaneous stabilization of the atmosphere’s
            CO2content and achieve a slow stabilization of the climate by banning all use of fossil
            fuels right now, but at the same time doing so would practically bring the world to
            a standstill. This would have incalculable consequences, both economic, health-related
            and environmental.2572 We could also choose to let things take their course, continue our ever increasing
            emissions of CO2 and then pay the costs by adapting society in 2100 and later by building dikes, moving
            island populations, changing farming methods, etc.
         

         
         In between these two extremes, of course, we have the option of reducing CO2 emissions somewhat and accepting some greenhouse warming. There are also a whole
            series of further considerations to be made as regards when prospective cuts should be made,2573 but basically it is a choice as to the degree we want to reduce CO2 emissions and pay up now, and the degree we are willing to live with higher temperatures
            at a later date. So the question is whether between stabilization of the climate and
            business-as-usual there can be found a solution that does not upset present society
            too much but does not result in too high climatic costs in the future either. This
            issue was investigated in the IPCC’s 1996 report and the research has since been continued
            using the so-called integrated assessment models.2574

         
         One of the most important model-builders in this field is the professor of economics
            William Nordhaus of Yale University. He produced the first computer model, the Dynamic
            Integrated Climate-Economy model (DICE) in order to evaluate the pros and cons of
            different political choices.2575 The other modelers have all been inspired by DICE, and according to the IPCC they
            have all produced more or less the same results.2576 This model has undergone extensive development and enlargement over the 1990s, now
            incorporating 13 economic regions in the Regional Integrated Climate-Economy (RICE)
            model.2577 What is unique about the DICE and RICE models is that they include both a climate
            system and an economic system, with costs to the economic system stemming from both
            climate changes and greenhouse gas emission restrictions. It is crucially important to point out, that while the presentation
            below will rely on the RICE model, this model gives the same qualitative conclusions
            as all other integrated assessment models.2579

         
         
         The advantage to these models is that they take into account both the costs and benefits
            of business-as-usual and compare them to the costs and benefits of, say, heroic CO2 cuts. As far as costs are concerned, the point is that the more CO2 we try to cut, the more expensive it becomes, as we also saw above with the increasing
            Kyoto costs. Estimates show that the cost of cutting the first ton of carbon is almost
            nil, whereas when cutting back 40 percent the last ton will cost about $100, as shown
            in Figure 160.2580 Next, the question is to establish what kind of damage the emitted CO2 will have on society, through global warming, on into the twenty-fourth century.
            The model takes into account damage from global warming to agriculture, energy, forestry
            and water, the damages from sea level rise on settlements, human health and life,
            water quality, time use and catastrophic damages from a large range of studies.2581 Converted to their present value, the total and long-term damages from emitting an
            extra ton of carbon today is the equivalent of $7.5.2582 In other words, it would be well worth society reducing CO2 emissions until the cost of cutting back an extra ton of carbon is equal to the advantage
            – which is equivalent to a 4 percent reduction for 1995, as can be seen in Figure 160. However, these calculations do not take account of the fact that reducing CO2 emissions, depending on geographic location and fuel type, can also mean reduced pollution,
            which will make the social cost lower. The new 2001 IPCC report points out that these
            so-called ancillary benefits could make a difference,2583 but one of their primary sources puts this extra benefit at maximally $3.8/tC around
            a $10 tax, and falling to just $1.6/tC at $50.2584 This extra effect is also marked as the thin line in Figure 160, and it shows that the reduction could be slightly larger at maximally 6 percent.2585 Notice also that these ancillary benefits decrease rapidly, so as to make almost
            no difference beyond 20 percent reductions. Moreover, the ancillary benefit evaluations
            are not designed to capture the costs of changing to other renewables, such as biomass,
            with the resultant added pollution of particles, sulfur, nickel, cadmium and lead.2586 Finally, since the RICE model was consistently in the low end of Stanford Energy
            Modeling Forum cost reduction estimates,2587 this will further counter the left-out ancillary benefits because the model will
            tend to estimate somewhat higher CO2 emission cuts.2588
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         Figure 160 The cost of the last ton of carbon emitted for various levels of carbon reduction
            in 1995 (expressed in 2000 US$). Price of $7.5/ton carbon gives a reduction of 4 percent.
            If adjusting for extra environmental benefits that come from regulating CO2, the actual cost curve is reduced slightly at low regulations.2578 Source: DICE 1999, Burtraw et al. 1999:7–8, BEA 2001b–c.
         

         
         
         Thus, in the model, the 4 percent cut in 1995 is the optimal carbon reduction for
            the globe. If an attempt is made on one hand to cut back more than 4 percent, it will
            be a net cost to society, because cutting back the final tons above 4 percent costs more than the
            longterm advantage gained from having a marginally lower temperature. On the other hand, a
            reduction of less than 4 percent will also be a net cost to society in the long run because the little money saved from not making cheap cuts
            in CO2 emissions are outweighed by the forgone advantages from a slightly less warm future.
         

         
         
         Over time, the cost of carbon emissions will increase, because the model indicates
            that higher temperatures will mean much greater damage. Essentially, a 1°C change
            in today’s temperatures will be a lesser cost to society, compared to the marginal
            cost of a change from 3°C to 4°C. This change will be much more costly, not the least
            because of an increased risk from catastrophic impacts.2589 At the same time, costs from cutting back a ton of carbon will decrease, because
            of better technology, lesser CO2 contents per dollar produced and higher fossil fuel prices.2590 The optimal path of carbon emissions cuts is given in the left part of Figure 161, climbing from 4 percent to 11 percent in 2100.
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         Figure 161 Left: Reduction of CO2 emissions, 1995–2105, compared to business-as-usual; stabilize global emissions at
            1990 levels; limit temperature increases to 2.5°C and to achieve the socially optimal
            outcome. Right: Temperature change, 1995–2105, for business-as-usual (BAU) and the
            other scenarios, plus Kyoto (with trading among all Annex I countries). Source: Nordhaus
            and Boyer 2000:7:29, 31, 8:24.
         

         
         
         Notice that finding the optimal scenario does not mean that there will not be an enormous
            number of practical problems tied up with achieving a global warming solution. It
            is not presented merely as “we-found-the-solution-and-now-we-go-home.” However, identifying
            this optimal solution gives us a clear standard with which to compare alternative
            policy approaches and judge their relative efficiency or inefficiency.2591

         
         Let us take a look at the other two possibilities often proposed in connection with
            greenhouse effect intervention. One of these is a Kyoto-like proposal to stabilize
            global CO2 emissions at the 1990 level. As Nordhaus points out, such a proposal has no particular
            scientific or economic significance – because stabilizing CO2 emissions does not mean stabilizing the atmospheric CO2 concentration, the temperature or the damage, which is what interests most decision-makers
            – but the proposal has the virtue of simplicity.2592 We can see the result in the left part of Figure 161: because a steadily growing world economy would have emitted ever more CO2, stabilization means cutting progressively more and more CO2, with global cuts at mid-century above 40 percent and still increasing.
         

         
         Finally, let us look at the policy choice of limiting the temperature increase to
            2.5°C. In order to do so it will eventually be necessary to cut CO2 emissions drastically, although much of the cuts should be placed as far out as possible
            (left part of Figure 161). This is so, because cuts in the future will be cheaper because of better technology
            and higher fossil fuel prices, and because we will be richer then.
         

         
         
            
            THE DOUBLE DIVIDEND: IMPROVE THE ENVIRONMENT AND MAKE MONEY?
            

            
            In the 1990s an academic discussion on the efficiency of taxes was suddenly turned
               towards dealing with the emerging concern for global warming.2593 Since the cost of curbing CO2 was clearly going to be great, some environmental economists suggested that new environmental
               taxes, whose revenues are used to lower existing, distortionary taxes on capital or
               labor, could actually achieve what was called the strong double dividend: the first
               dividend would be the improved environmental quality, and the second dividend was
               a net economic benefit.2594 Such a marvelous “win-win” property meant that you no longer had to show that environmental
               damage was sufficiently great to justify the economic cost of taxing it away – instead,
               if you could just show that it was bad, the double dividend would secure that taxing
               it would be a net benefit to society.2595

            
            This sounded almost too good to be true, and indeed, it was too good – much academic
               analysis over the last decade has conclusively demonstrated that the strong double
               dividend is incorrect.2596 However, the discussion has focused attention on the three distinct effects of a
               tax on economic welfare: the “primary welfare gain,” a “revenue-recycling effect,”
               and a “tax-interaction effect.”2597 The primary welfare gain comes from regulating pollution – if the cost of an extra
               ton of carbon in the atmosphere is $7.5, we should tax carbon emissions by $7.5.2598 This will make carbon polluters cut back on carbon till its emission is worth $7.5,
               and since the first tons costs almost nothing to eliminate (the first percent in Figure 160 is almost free to cut) but still would have made about $7.5 in damage, society is
               now better off. The collected tax was normally assumed to be recycled in a lump sum
               to society.
            

            
            The double dividend point was that if the tax was not just recycled through a lump
               sum but used to alleviate other, already distortionary taxes (labor taxes in Europe,
               perhaps capital taxes in the US),2599 this could create an additional benefit for society in the form of higher employment
               and higher welfare. This is indeed correct, and hence, there is a second source of
               welfare gain: the revenue-recycling effect.
            

            
            However, if we look at one distortion, we need to look at all distortions. And the
               new environmental tax itself is distortionary as it discourages work effort by reducing
               the real household wage. This tax-interaction effect reduces welfare. It is the sum of these three effects that determine the overall economic welfare of an environmental
               tax. Unfortunately, most analytical and computable models show that the tax-interaction
               effect is bigger than the revenue-recycling effect.2600 The consequence is that taxing carbon in the above example at $7.5 is actually too much.
            

            
            In Figure 162 you can see how a $40 environmental damage would normally have been thought to require
               a $40 environmental tax. Taking all distortions into account, we see that even using
               a high revenue-recycling by lowering personal income taxes, we should only tax by
               $31, simply because higher taxes will all in all lead to lower welfare. And should
               we instead make a lump sum replacement, there is no revenue-recycling to outweigh
               the negative tax-interaction and – perhaps surprisingly – we should not tax at all.
               Though this may feel 
               “wrong” what the model shows is that any tax would actually lead to even lower total
               welfare (including the environmental damage).
            

            
            
            [image: ]

            
            Figure 162 Environmental damage and environmental tax. The theoretical tax shows the simple,
               first-best argument (“if the environmental damage is $40, the polluter should pay
               $40”). The other curves show the optimal tax levels as calculated by economic models.
               If we manage to recycle the tax as reductions in personal income tax (PIT), we should
               use the optimal PTI curve (“if the environmental damage is $40, the polluter should
               pay $31”) whereas if the tax is just recycled as a lump sum, which is the norm, we
               should follow the lump sum replacement curve (“if the environmental damage is $40,
               the polluter should pay nothing”). Source: Parry and Oates 1998:7.
            

            
            In 1996 the IPCC did mention that a double dividend might partially offset or even
               more than offset the costs of a carbon tax, although the point was not much stressed.2601 In its 2001 report, the IPCC has chosen to put a great deal more focus on the double
               dividend, with somewhat conflicting statements of what it really means.2602 The IPCC generally accepts that there is no strong double dividend,2603 yet its Summary for Policymakers suggests that it might hold.2604

            
            It is important to state that today we know that the strong double dividend cannot
               be supported in general: “the double-dividend hypothesis is typically invalid.”2605 However, the discussion has taught us that tax recycling is very important if only
               to make environmental taxes almost as good as we thought they were before the whole
               discussion started.2606 This insight is crucial, because empirically, most carbon taxes have specifically
               not been recycled as reductions in the most distorting taxes but rather been earmarked
               to particular spending programs, which needlessly increases welfare losses.2607

            
            Thus, for the present discussion, the double dividend does not mean that we should
               tax carbon higher, but actually lower (as in Figure 162). Moreover, unless we are very careful to recycle the tax revenue by reducing very
               distortionary taxes – and until now, we have not done so – the correct tax should
               in fact be much lower.
            

            
         

         
         The impact on temperature will be slight, no matter what action we take, as can be
            seen in the right part of Figure 161. This is partly because the time-lag in the climate system is very large and partly
            because even if we stabilize global emissions at the 1990 level, we will still be
            putting out large amounts of CO2, increasing the global CO2 concentration. Indeed, should we want to limit the temperature increase to 1.5°C,
            this would require a complete cessation of all carbon emission by 2035,2608 essentially shutting down the world as we know it.
         

         
         It is perhaps worth noting that the Kyoto reductions in the Nordhaus and Boyer model
            will cause a surprisingly small reduction in temperature (0.03°C) in 2100, partly
            because the developing countries will increase their CO2 emissions compared to the business-as-usual model.2609 Actually, the optimal path will reduce the temperature more than Kyoto.
         

         
         But what will be the overall cost of these interventions? Figure 163 shows the cost of the various types of intervention, with the baseline being a situation
            with no global warming. It shows that business-as-usual will present society with
            a total, one-time cost of $4,820 billion.2610 This cost can also be seen as the cost of the anthropogenic greenhouse effect as
            such – if it should prove that our CO2 emissions have no effect on the climate it would mean a gain of a little less than
            5 trillion dollars.
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         Figure 163 The total, present-value cost (in 2000 US$) of business-as-usual (just global warming);
            the optimal reduction; global stabilization of emissions at 1990-level; limiting the
            temperature increase to 2.5 and 1.5°C. All from the RICE-99 model. Source: Nordhaus
            and Boyer 2000:7:25, BEA 2001b–c.
         

         
         Of course we would prefer to be without the anthropogenic greenhouse effect, but the
            phenomenon is not something we can simply wish away. If global warming is coming we
            must pay the bill – and then the central question is just how small we can keep this
            bill. It turns out, as we have already argued above, that the optimal policy costs
            a little less. The total cost in this case is $4,575 billion, or $245 billion cheaper
            than taking no action. These total savings of $245 billion pertain to a slightly higher
            cost in the short term of controlling CO2, offset by the rather greater advantage of slightly less warming in the long run.
         

         
         The optimal policy thus saves us about 5 percent of the total cost of global warming.
            To put this gain in perspective, $245 billion is about five times the total amount
            of official development aid the industrial world gives to the developing world each
            year.2611 Equally, the total global warming cost of $5 trillion is the equivalent of total
            world output for about two months.2612

         
         Global stabilization of CO2 emissions, on the other hand, is far more costly. In this case the cost will be about
            $8.5 trillion, or almost twice the cost of global warming itself. The cost of limiting
            the temperature increase to 2.5°C is almost as costly at $7.8 trillion, and the cost
            of limiting the temperature increase to 1.5°C is an almost unimaginable $38 trillion.
         

         
         We can also compare the cost of different ways of implementing the Kyoto Protocol,
            shown in Figure 164. For reference, the $245 billion in savings from the optimal path is shown. If the
            protocol ends up with no trade or just trade among the OECD countries, the cost will
            be a significant loss of $550–900 billion. If trade within the entire Annex I is achieved,
            Kyoto will still be a drawback all in all, but less so at $150 billion. Only if global
            trading is somehow negotiated will the Kyoto pact actually bring a net benefit at
            $61 billion, though this is still less than what could be achieved with the optimal
            path.
         

         
         This tendency towards lower costs with more trade was also the picture we saw in the
            total cost overview in Figure 158. Now, however, we can take into account both this cost and the benefit from a Kyoto
            emissions cut. The clear message is that without global trade, Kyoto is actually a
            net detriment to the world.
         

         
         If we get global trade, what we have really done is to make world emissions grow slightly
            more slowly than they otherwise would have done. But we could actually do better than
            that, because Kyoto inefficiently focuses on emissions instead of the temperature,
            which is what harms us. If we instead focused on getting the same temperature curve
            as Kyoto from 2100 onwards, we could start emission cuts later but more harshly, all
            in all being slightly cheaper, thus giving the slightly higher net benefit of $95
            billion saved.
         

         
         [image: ]

         
         Figure 164 The present value (in 2000 US$) from a business-as-usual baseline of a number of
            scenarios: the optimal reduction; achieving the same temperature decrease as Kyoto;
            implementing Kyoto with global trade; Annex I trade; trade only within OECD and no
            trade. Source: Nordhaus and Boyer 2000:8:28, BEA 2001b–c.
         

         
         Nevertheless, a policy aimed at achieving the optimal policy could attain an even
            better outcome of $245 billion saved. It is important to point out that Kyoto with
            global trade limits the emissions in much the same way as the optimal path, although
            the optimal path later on limits emissions more (the temperature reduction from the
            optimal path is also greater, right in Figure 161). Thus, if a global trade regime could be established, including limits on the developing
            world emissions (if only at their business-as-usual level), this could be the first
            step towards achieving the best possible outcome.
         

         
         This does not mean that the outcome is great. Global warming will still cost us about
            $5 trillion compared to a hypothetical world without the anthropogenic greenhouse
            effect.2613 But the optimal path is the best we can do. If we fail to implement at least global
            trading within the Kyoto Protocol, our honorable intentions of helping the world by
            curbing CO2 emissions would actually end up incurring a net cost to the world. Should we only
            achieve OECD trading or no trade, the costs inflicted could grow substantially. And
            even more ambitious plans suggested by many concerned environmentalists to secure
            a global stabilization of emissions or stringent limits on the temperature would involve
            immense costs to the world.
         

         
         However, such an analysis is typically met by the three objections to be looked into
            in more detail in the accompanying box. In short it is claimed that CO2 emissions can be reduced far more cheaply or even entirely without cost. Most economists
            are very skeptical of such arguments – if it was already privately profitable to reduce
            CO2 emissions, it seems surprising that this is not already being done. Several analyses
            suggest that the acclaimed tremendous reduction potentials are mirages, essentially
            kept alive by a whole series of costs being overlooked.
         

         
         The assertion has also been made that if efforts to combat global warming are not
            worthwhile, this is because everything is calculated with an interest rate of at least
            5 percent, and that the distant future therefore almost vanishes. In short, if we
            have to pay now to cut CO2, and the advantages are only slowly revealed over the coming centuries, it is no
            wonder that with a 5 percent interest rate, the money is worth more in our own pockets. This approach is often claimed to be immoral and an expression of indifference
            to coming generations. In fact, however, a sensible investment with a good yield will
            leave our descendants and future generations of poor people with far greater resources,
            and this is probably a far better way of looking after their interests than investing
            in low-yielding greenhouse gas reductions. Moreover, the present faces far more pressing
            issues than redistribution of wealth among far richer nations in a hundred years’
            time – such as securing access to clean water and sanitation for everyone on the planet.
         

         
         Finally, it is asserted that the efforts to combat global warming are an insurance
            policy against extreme events. When included in the computer models, these do not
            alter the results appreciably, but the insurance mentality can be justified by those who harbor an intense dislike of risk-taking. This does not
            change the fact, however, that the investments would probably be far better made elsewhere,
            for example in the developing world.
         

         
         The point in this case is that with the best intentions of doing something about global
            warming, we could end up burdening the global community with a cost much higher or
            even twice that of global warming alone. As the Kyoto Protocol is unlikely to be implemented
            with global trading, simply because of the staggering amounts involved in distributing
            the initial emission rights and the consequent redistribution, Kyoto represents a
            waste of global resources. If we want to do good, we have to spend our resources more
            wisely.
         

         
         
            
            OBJECTIONS: CUT CO2 AND MAKE MONEY
            

            
            One frequently heard assertion is that the price of reducing carbon dioxide emissions
               is considerably lower than the predictions made by the many economic models illustrated
               in Figure 158 above. Some of the IPCC authors believe there is a category of so-called “no regret”
               options constituting between 10 percent and 30 percent of CO2 emissions. These options involve changes to our energy structure which are actually
               worth implementing regardless of global warming.2614 Many of these no regret policies consist of energy savings, technological improvements
               and a move to electricity/district heating production.2615 It is assumed that within our existing energy system there are important areas in
               which private companies, consumers and public authorities could make tremendous savings
               but apparently do not for a variety of reasons.2616

            
            In the IPCC studies, Denmark is singled out as one of the countries where major reductions
               of CO2 emissions could be had for free or even at a profit.2617 Although it may seem rather surprising that such profit opportunities should routinely
               be ignored, the argument typically carries a lot of weight in the international greenhouse
               discussion, so we will take a good look at Denmark’s case.
            

            
            The Danish energy plan counts on the possibility of reducing national carbon dioxide
               emissions by 20 percent and still expects to make a profit by it.2618 It is also considered possible to reduce carbon dioxide emissions by as much as 65
               percent at a cost of just $1 billion, or 0.5 percent of GNP, by 2030.2619 This result is arrived at partly by evaluating how much energy can be saved by various
               sectors.2620 It is estimated that better insulation can reduce heat requirements by 40 per-cent,2621 that behavioral changes can make for savings of up to 10–20 percent,2622 that new electrical appliances can save 70–80 per-cent,2623 and that the transport sector can save some 65 percent.2624

            
            The fundamental problem is that the overall cost of such savings is not included in
               the calculation,2625 even though the plan is painfully aware that cuts of this magnitude require a “massive
               technical and behavioral effort.”2626 We have already seen that reduced ventilation in connection with ever more efficient
               insulation of our homes is probably one of the main reasons for the increasing incidence of asthma and allergies.
               However, the discussion about new, more tightly sealed homes does not include consideration
               of such costs. At the same time, behavioral change is not without cost to the individual:
               savings can only be achieved by “reducing the temperature in rooms that are not used,
               by careful airing and more thrifty use of hot water for personal hygiene purposes.”2627

            
            New appliances do save energy, but “some of the biggest savings require the development
               and marketing of new energy-saving technologies such as vacuum insulation, new washing
               machine technology employing a vacuum in the drum or ultrasound.”2628 The costs of such new technology are not included in the calculation.
            

            
            As regards transport, it is assumed that new cars with fuel consumption of more than
               33 km/l (more than 77 mpg) will hit the market in around 2000; unfortunately, for
               this to happen it would be necessary to introduce “strict norms and higher fuel prices.”
               The cost of such incentives is not included in the accounts, nor is the cost of limiting
               the joy of driving if greater fuel economy means sacrificing horsepower.2629 The plan also requires that private and goods vehicles be electric in the future,
               covering 30 percent of all transport by the year 2030.2630 And yet, the cost of such vehicles is not included: “Higher investments in the transport
               sector are disregarded in this study.”2631 Nor does the plan take into consideration that electric vehicles will probably have
               to be subsidized.2632

            
            Finally, no welfare economic evaluation is made of the cost of the consequent doubling
               of energy prices,2633 the increased cost of gas, the required purchase of energy-saving consumer durables
               and the increased personal time expenditure. The argument is that the reductions will
               lead to “greater shifts and structural changes in Danish society which it would be
               difficult to work into the calculations. It is difficult to project how changing private
               transport from more or less 0 percent electric cars today to 30 percent in 2030 will
               influence the sectors in society.”2634 It is certainly correct that it is difficult to carry out such evaluations, but then
               this probably applies to all the decisions we will need to make as to what our society
               should look like in 20, 50 or 100 years from now.
            

            
            Most economists are therefore extremely skeptical towards assertions of such improvements
               in efficiency which can be implemented at no cost or even produce a profit, among
               other things because these calculations, as we have seen above, often omit important
               items of expenditure. For this reason, economists also argue that if it really is
               possible to implement profitable restructuring then it would be reasonable to expect
               that the possibility would already have been exploited.2635

            
            One typical economist’s expression is that “there is no such thing as a free lunch”
               – that costs are bound to occur somewhere along the line. Nordhaus expresses the problem
               of the possible, profitable carbon dioxide emissions reductions thus: “In the colloquialism
               of economics, this analysis suggests not only that there are free lunches, but that
               in some restaurants you can get paid to eat!”2636

            
            A new study also seems to suggest that these “no regret” possibilities are much more
               limited than normally assumed; it turns out that they can probably only reduce consumption
               by a couple of percent and could possibly be pushed to providing 5 percent.2637 Equally, a study of monthly electricity bills showed that the engineers’ estimates
               of huge savings from attic insulation fell far short of real payoffs, which were closer
               to what economists would have expected.2638

            
            The first objection to low optimal CO2 reduction therefore seems rather feeble.
            

            
            OBJECTIONS: THE PRICE OF THE FUTURE

            
            The second objection relates to the use of discounting.2639 This is a vast and technically complicated field, but in short the subject has to
               do with evaluating costs and incomes which first materialize in the future. Normally,
               economists choose to discount all future costs and benefits at a certain so-called discount rate. The idea is that if I am to pay $1,000 40 years from now
               I want to know what this obligation is worth today. If I can invest my money in bonds
               with a 5 percent annual yield, economists will say that the current value of the loan
               is $142 – if I bought bonds today worth $142 which paid an annual dividend of 5 percent
               then I would have exactly $1,000 in 40 years. (In this and the following examples
               we have ignored inflation, which with a little extra trouble could be included in
               the calculation, without any effect on the logic.)2640

            
            These considerations are absolutely vital precisely because global warming is all
               about costs and benefits over the next hundreds of years and the question is how we
               “do the sums.” Almost all evaluations of the costs and advantages of global warming
               make use of discounting and the debate lies in how large this discount rate should
               be.2641 If the rate is high it means that amounts due well into the future are of very little
               importance today. If on the other hand the rate is (close to) zero, this means that
               money in the future will be worth (virtually) the same as it is today. Many environmentalists
               have argued that high rates of interest are morally reprehensible; one environmental
               economics textbook expresses this belief rather starkly: “A high rate of interest
               means saying to hell with our own future – not to mention that of our children and
               our grandchildren.”2642

            
            It is therefore tempting to suggest that future generations should be given as much
               consideration as our generation, and that the discount rate should be zero or almost
               zero. This seems like the nice and ethically just way to go. However, this apparently
               sound assumption leads to a grim surprise. If the welfare of future generations means
               just as much (or almost as much) to us as our own, then we ought to spend an extremely
               large share of our income on investment in the future, because the dividend payable
               on investments will be much greater in the future.2643 If I were given the choice between spending $142 now or leaving $1,000 to my children
               in 40 years, I ought to choose in favor of my children, because they matter almost
               as much as me and because their gain is much greater than mine. With a discount rate
               of zero, I should actually choose $1,000 to my kids over $999 today. Even if we ourselves
               should have to scrape our way through life, then future generations will be able to
               live extremely well as a result of our investments. (Perhaps it is worth pointing
               out that these future generations will probably also only think of the future and
               save up even more for their future generations, etc.)
            

            
            But this is where reality gets into a pickle, because we don’t behave like that. When
               we weigh up our own situation and that of future generations, we usually choose to
               give priority to our own desires and let the future fend for itself.2644 This is something we may find morally lamentable, but it ought not to get in the
               way of a realistic analysis of how the wealth distribution in society functions.
            

            
            In choosing to give the present higher priority than the future, we do so not only
               because we are impatient or egotistical. It is also because we know that future generations
               will have more money to spend. Because of growth we are actually the poor generation,
               and future generations will be richer than us (as in Figure 149). We expect that in 2035 the average American will be twice as rich as she is now.2645 For this reason it is perhaps not entirely unreasonable that society expects richer,
               later generations to pay more towards the cost of global warming – in exactly the
               same way as high income groups in our society pay higher taxes.2646

            
            Both these arguments indicate that it is probably reasonable to have a discount rate
               of at least 4–6 percent. But it does not mean, as the quote above suggested, that
               we are saying to hell with future generations. It actually means that we are making
               sure we administer our investments sensibly so that future generations can choose
               for themselves what they do – and do not – want.2647 If we chose an artificially low discount rate of 2 percent (so as to make more greenhouse
               gas cuts profitable) we would leave investments to future generations that were only
               worth 2 percent. If on the other hand our discount rate was set at 5 percent, we would
               spend the money on projects that make a profit of more than 5 percent.2648 The difference between the two investments over 100 years is 18-fold. Unless our
               investment rate increases drastically – and there is no empirical reason why it should
               do so – then it means that although the 2 percent investments were more future oriented,
               they would all in all probably leave our children and grandchildren with far fewer
               resources.
            

            
            Finally, it is also worth noting that the argument in favor of doing something about
               global warming is often that we do it for the sake of the developing world, which
               will be hardest hit.2649 However, this collides with attempts to keep the discount rate low, since as a rule
               developing countries have amazingly high domestic interest rates. An overview study
               by the World Bank estimated the average rate of return in the developing world to
               be around 16 percent.2650 The IPCC finds the rate to be at least 10–12 percent or even higher.2651 So the large amounts we will end up investing in global warming could be far more
               efficiently investing in the developing world. Imagine that investing an amount no
               larger than a single year’s cost of stabilizing the CO2 emissions in the developing world could grow in 60 years to the equivalent of more
               than twice the world’s current output.2652 An absolutely phenomenal sum.
            

            
            Similarly, the cost of the Kyoto Protocol for the US alone, even with Annex I trading,
               would more than amply cover the entire expense for providing the whole of mankind with clean drinking water and sanitation.2653 It is estimated that this would avoid several million deaths every year and prevent
               half a billion people becoming seriously ill each year.2654 This would probably be a far better help for the developing countries than a temperature
               reduction from Kyoto of some 0.15°C in 2100.
            

            
            So the objection that the optimal reduction is so small only because ‘economists don’t
               give a damn about the future’ is also mistaken. A reasonable discount rate will probably
               in the long term mean a far better utilization of society’s resources, for our descendants
               too.
            

            
            OBJECTIONS: THE FEAR OF CATASTROPHE

            
            The final objection to optimal investment in global warming is that we may want to
               pay more in order to reduce the risk of an eventual catastrophe.
            

            
            It is actually possible that global warming will lead to other dramatic and chaotic
               changes in the climate system.2655 Worries have long been expressed about melting the polar ice caps, and especially
               the West Antarctic Ice Sheet (WAIS) because it could slide into the sea and cause
               a general 6-meter rise in sea level.2656 Despite worried media reports,2657 the IPCC has found that “no significant trends of Antarctic sea-ice extent are apparent
               over the period of systematic satellite measurements (since the 1970s).”2658 Although the WAIS, as observed over centuries, has been retreating, this is a process
               that started in the early Holocene, due to a still on-going readjustment from the
               last glacial, and a process which is entirely unrelated to global warming.2659 Moreover a WAIS breakup is considered in the 2001 IPCC report “very unlikely during
               the 21st century.”2660 Throughout the millennium, it is estimated that the WAIS “will contribute no more
               than 3 mm/yr to sea-level rise over the next thousand years, even if significant changes
               were to occur in the ice shelves.”2661

            
            New Scientist ran a story after having seen the IPCC 2001 draft, entitled: “Washed off the map:
               Better get that ark ready, because the sea levels are gonna rise.”2662 Here it was suggested that sea levels could rise some 10 meters (33 ft) over the
               coming millennium, primarily due to 7 meters coming from a complete dissolution of
               the Greenland ice sheet. This would be enough to “drown immense areas of land and
               many major cities” with a “total area larger than the US, with a population of more
               than a billion people and most of the world’s most fertile farmland.”2663 In its Summary for Policymakers, the IPCC likewise cautioned that “ice sheet models project that a local warming
               of larger than 3°C, if sustained for millennia, would lead to virtually a complete melting of the Greenland ice sheet with a resulting sea
               level rise of about 7 meters.”2664

            
            However, the question is whether any models would envisage a sustained warming over
               the entire millennium – certainly most of the IPCC scenarios would not, and as we
               saw above, a A1T-like scenario with renewables becoming competitive before mid-century
               would already see temperatures decline in the early part of the 22nd century. Even
               by 2200, the model referred to by IPCC does not show much melt-off from Greenland,
               and thus makes this entire scenario very hypothetical.2665

            
            Another concern is that the thermohaline circulation (THC) that drives the Gulf Stream
               could weaken or completely terminate, leading to a temperature drop of several degrees
               Celsius in Europe.2666 Most models show some weakening of the THC which will mean a reduction of heat transport
               into Northwest Europe.2667 Yet, even with the weakened THC, models still show a net warming also over Northwest
               Europe.2668 IPCC conclude that “the current projections using climate models do not exhibit a
               complete shut down of the thermohaline circulation by 2100” but point out that it
               could completely, and possibly irreversibly, shut down “if the change in radiative
               forcing is large enough and applied long enough.”2669 Generally, it is extremely difficult to evaluate the risk of these extreme occurrences
               coming about.2670 It is generally clear, as the economist Schelling also points out, that we ought
               to spend more effort looking into the likelihood of such occurrences than on improving
               our mean prognosis, since it is the extreme occurrences that are truly costly.2671 One should be aware all the same that, although the consequences of a weakening or
               breakdown of the Gulf Stream would be serious indeed, it would not be catastrophic
               – Western European society would face substantially greater expense, but temperatures
               and climate would “only” fall into line with Canada.2672 Moreover, the currently available (but very conjectural) evidence does not seem to
               suggest that the current Gulf Stream circulation has been weakened by global warming.2673 Finally, some of the newest models also challenge the modeling behind the weakening
               of the TCH.2674

            
            An estimate of the risks from such damage are of course included in the RICE/DICE
               models and many others (explaining why Europe wants to go further in cutting CO2 emissions). Likewise, other models have also tried to take into consideration uncertainty
               about the fate of the Gulf Stream, but this does not alter the fundamental outcome
               of the above analysis – stabilizing global CO2 emissions is still a poor use of resources.2675

            
            Nonetheless it can be argued that we are scared enough about the thought of a potential
               catastrophe to want a reduction of more than the optimal 11 percent – that we are
               willing to buy a little extra insurance, so to speak.2676 This argument is logically feasible, but as I see it there are two important points
               to be made in connection with it.
            

            
            For one thing, we ought to be skeptical about spending almost 2 percent of our global
               GDP every year on a partial insurance (2 percent will not stop the rising temperature,
               just slow it down), against a risk, the extent of which we know very little about.
               If one favors insurance against these chaotic dangers on the basis of current knowledge,
               there are probably quite a few other threats one should also invest against; for instance
               it seems quite reasonable to argue that one should favor spending 2 percent or more
               to implement monitoring the destructive capability of incoming meteors, especially
               considering their potentially devastating impact. In addition to that, we still do
               not know the actual cost of a breakdown of the Gulf Stream.
            

            
            For another thing we need to be crucially aware of the fact that we could probably
               spend this insurance money far more sensibly on other projects which have a far greater
               chance of success. There are masses of high-yield, crucial investments to be made,
               particularly in the developing world. We know that the developing countries would
               be able to achieve a real rate of return of 26 percent on primary education.2677 In this connection it seems unreasonable to me to spend the equivalent of 2 percent of
               the world’s production on highly theoretical problems with as yet quite large uncertainties.
               Nevertheless, it is obvious that we ought to do more research into such problems and
               that new knowledge thus gained should guide our future investment decisions.
            

            
            Therefore it may be possible to sustain the third objection to optimal investment
               in global warming, although it still seems unreasonable to spend such large sums of
               money on such uncertain events when at the same time we have far more obvious, certain
               and significant projects in which to invest our money.
            

            
         

         
         Summing up

         
         Global warming has become the great environmental worry of our day. There is no doubt
            that mankind has influenced and is still increasing atmospheric concentrations of
            CO2 and that this will influence temperature. Yet, we need to separate hyperbole from
            realities in order to chose our future optimally. Temperatures have increased 0.6°C
            over the past century (Figure 135) and it is unlikely that this is not in part due to an anthropogenic greenhouse effect,
            although the impression of a dramatic divergence from previous centuries is almost
            surely misleading (Figure 134). The central climate sensitivity of 1.5–4.5°C has not changed over the past 25 years,
            indicating a fundamental lack of model adequacy, because we still do not know whether
            we live in a world where doubling the CO2 concentrations will mean a rather small (1.5°C) or a dramatic (4.5°C) temperature
            increase. All the IPCC predictions are based on GCMs, but there is still crucial problems
            with the representation of aerosols, water vapor feedback and clouds. In all three
            areas, research points towards a smaller climate sensitivity.
         

         
         With the forty new scenarios the IPCC has explicitly rejected making predictions about
            the future, but instead gives us “computer-aided storytelling,”2678 basing the development of crucial variables on initial choice2679 and depicting normative scenarios “as one would hope they would emerge.”2680 While the spread of scenario profiles are wide, three scenarios of the A1-group (A1T,
            A1B, and A1FI) stand out as securing a much richer world – in the industrialized world
            about 50 percent more per capita income in 2100 than the closest scenario, and 75
            percent more for the developing world (Figure 149). The total extra benefit is above $107 trillion, which is more than 20 times more
            than the total cost of global warming. For comparison, we spend 1–2 percent of GDP
            today on the environment.2681 If we continued to spend the high end of 2 percent of an ever increasing GDP, we
            would end up spending about $18 trillion on the environment throughout the twenty-first
            century.2682 In this perspective, materializing an A1 scenario would secure extra resources almost
            six times bigger than the total environmental costs of this entire century. Yet, the
            spread of global warming effects under A1 ranges from the almost lowest (A1T) to the
            highest (A1FI). Thus, the important decision really lies between these two A1 scenarios.
         

         
         Reasonable analysis suggest that renewables – and especially solar power – will be
            competitive or even outcompete fossil fuels by mid-century, and this means that the
            A1FI seems fairly implausible and that carbon emissions are much more likely to follow
            the much lower A1T, causing a warming of about 2–2.5°C.
         

         
         Global warming will not decrease food production, it will probably not increase storminess
            or the frequency of hurricanes, it will not increase the impact of malaria or indeed
            cause more deaths. It is even unlikely that it will cause more flood victims, because
            a much richer world will protect itself better. However, global warming will have
            serious costs – the total cost is about $5 trillion. Moreover, the consequences of global warming will hit the developing countries hardest,
            whereas the industrialized countries may actually benefit from a warming lower than
            2–3°C.2683 The developing countries are harder hit primarily because they are poor – giving
            them less adaptive capacity.
         

         
         Despite our intuition that we naturally need to do something drastic about such a
            costly global warming, economic analyses clearly show that it will be far more expensive
            to cut CO2 emissions radically than to pay the costs of adaptation to the increased temperatures.
         

         
         The economic analysis indicates that unless Kyoto is implemented with global trading,
            thus also ensuring a commitment from the developing countries, it will actually constitute
            a net loss of welfare. Moreover, the effect of Kyoto on the climate will be minuscule
            – in the order of 0.15°C in 2100, or the equivalent of putting off the temperature
            increase just six years. In the longer run, a Kyoto Protocol with global trading will
            be less efficient than the more stringent optimal policy described above, but even
            that policy will only cut 11 percent of the CO2 emissions and only diminish the temperature increase slightly.
         

         
         If on the other hand Kyoto is implemented without global trading – even if it ends
            up allowing trade among all Annex I countries – it will not only be almost inconsequential
            for the climate, but it will also be a poor use of resources. The cost of such a Kyoto
            pact, just for the US, will be higher than the cost of providing the entire world
            with clean drinking water and sanitation. It is estimated that the latter would avoid
            2 million deaths every year and prevent half a billion people becoming seriously ill
            each year. If no trading mechanism is implemented for Kyoto, the costs could approach
            $1 trillion, or almost five times the cost of world-wide water and sanitation coverage.
         

         
         If we were to go forward as many have suggested, seeking to curb emissions to the
            global 1990 level, the net cost to society would seriously escalate to about $4 trillion
            – comparable almost to the cost of global warming itself. Likewise, a temperature
            increase limit would cost anywhere from $3 to $33 trillion extra.
         

         
         This emphasizes that we need to be very careful in our willingness to act on global
            warming. If we do not ensure global trading, the world will lose. If we go much beyond
            an 11 percent global CO2 reduction, the world will lose. And this conclusion does not just come from the output
            from a single model. Almost all the major computer models agree that even when chaotic
            consequences have been taken into consideration “it is striking that the optimal policy
            involves little emissions reduction below uncontrolled rates until the middle of the
            next century at the earliest.”2684 Equally, another study concluded that “the message of this admittedly simple model
            seems to be that it matters little whether carbon emissions are cut or not, only that
            protocols to stabilize emissions or concentrations are avoided.”2685 A recent overview concluded that the first insight gained from these models was that
            “all appear to demonstrate that large near-term abatement is not justified.”2686 A central conclusion from a meeting of all economic modelers was: “Current assessments
            determine that the ‘optimal’ policy calls for a relatively modest level of control
            of CO2.”2687

         
         More than meets the eye

         
         Global warming is important. Its total costs could be about $5 trillion. Yet, our
            choices in dealing with global warming are also important, with few, carefully chosen
            actions shaving some hundred billion dollars off the global warming price but with
            many actions which could cost the world trillions and even tens of trillion dollars
            over and above the global warming cost.
         

         
         Is it not curious, then, that the typical reporting on global warming tells us all
            the bad things that could happen from CO2 emissions, but few or none of the bad things that could come from overly zealous
            regulation of such emissions? And this is not just a question of the media’s penchant
            for bad news, as discussed in chapter 2, because both could make excellent bad news.2688 Indeed, why is it that global warming is not discussed with an open attitude, carefully
            attuned to avoid making big and costly mistakes to be paid for by our descendants,
            but rather with a fervor more fitting for preachers of opposing religions?
         

         
         This is an indication that the discussion of global warming is not just a question
            of choosing the optimal economic path for humanity, but has much deeper, political
            roots as to what kind of future society we would like.
         

         
         When the three IPCC Summary for Policymakers were approved, they were also rewritten by government-appointed scientists. From
            the previous IPCC report, it was well known that the most important statement would
            be about the human culpability in global warming: “the balance of evidence suggests
            that there is a discernible human influence on global climate.”2689 Consequently, there was considerable discussion over the formulation in the new report.
            In April 2000, the text was supposed to read “there has been a discernible human influence
            on global climate.”2690 In the October 2000 draft, it was stated that “it is likely that increasing concentrations
            of anthropogenic greenhouse gases have contributed substantially to the observed warming
            over the last 50 years.”2691 Yet, in the official summary, the language was further toughened up to say that “most
            of the observed warming over the last 50 years is likely to have been due to the increase
            in greenhouse gas concentrations.”2692 When asked about the scientific background for this change by New Scientist, the spokesman for the UN Environment Program, Tim Higham, responded very honestly:
            “There was no new science, but the scientists wanted to present a clear and strong
            message to policy makers.”2693

         
         Likewise, when discussing the costs and benefits of global warming, the October 2000
            draft stated (in accordance with the background documents and as cited earlier here),
            that “in many developed countries, net economic gains are projected for global mean
            temperature increases up to roughly 2°C. Mixed or neutral net effects are projected
            in developed countries for temperature increases in the approximate range of 2 to
            3°C, and net losses for larger temperature increases.”2694 Such a statement of net benefits from moderate global warming would naturally have
            been much quoted. However, the statement in the final Summary was changed to: “an increase in global mean temperature of up to a few degrees C
            would produce a mixture of economic gains and losses in developed countries, with
            economic losses for larger temperature increases.”2695

         
         As noted above, a political decision stopped IPCC from looking at the total cost-benefit
            of global warming and made it focus instead on how to curb further greenhouse gas
            emissions.2696 This means that the crucial discussion above on assessing the costs of our policy
            choices – potentially incurring trillions of dollars of extra costs – are no longer
            made within the IPCC reports.2697 Instead, some of main IPCC analyses have begun to link climate policy with all other
            policy areas:
         

         
         Future emissions will be determined not just by climate policy, but also and more
            importantly by the “world” in which we will live. Decisions about technology, investment,
            trade, poverty, biodiversity, community rights, social policies, or governance, which
            may seem unrelated to climate policy, may have profound impacts upon emissions, the
            extent of mitigation required, and the cost and benefits that result. Conversely,
            climate policies that implicitly address social, environmental, economic, and security
            issues may turn out to be important levers for creating a sustainable world.2698

         
         Thus, climate policy may be used as a tool and a justification for charting an alternative
            course of development.2699 However, “against the background of environmental scarcities” this course has to
            focus on eco-efficiency, industrial ecology, eco-efficient consumption etc.2700 Basically, the IPCC conclude that it will be necessary to decouple wellbeing from
            production.2701 Indeed, it will be necessary to make people understand that the performance of things
            cannot keep improving, for the sake of the environment.
         

         
         For instance, ever “higher speed in transportation are (efficiency gains notwithstanding)
            unlikely to be environmentally sustainable in the long run.”2702 But this is okay, since “it is doubtful that this trend really enhances the quality
            of life.”2703 Instead, the IPCC suggests that we should build cars and trains with lower top speeds,
            and extol the qualities of sails on ships, biomass (which “has been the renewable
            resource base for humankind since time immemorial”) and bicycles.2704 Likewise, it is suggested that in order to avoid demand for transport, we should
            obtain a regionalized economy.2705

         
         Essentially, what the IPCC suggests – and openly admits – is that we need to change
            individual lifestyles, and move away from consumption.2706 We must focus on sharing resources (e.g. through co-ownership), choosing free time
            instead of wealth, quality instead of quantity, and “increase freedom while containing
            consumption.”2707 Because of climate change we have to remodel our world, and find more “appropriate
            life-styles.”2708

         
         The problem is, that “the conditions of public acceptance of such options are not
            often present at the requisite large scale.”2709 Indeed, it is even “difficult to convince local actors of the significance of climate
            change and the need for corrective action.”2710 The IPCC goes as far as suggesting that the reason why we are unwilling to accept
            slower (or no) cars and regionalized economies with bicycles but no international
            travel, is that we have been indoctrinated by the media, where we see the TV characters
            as reference points for our own lives, shaping our values and identities.2711 Consequently, IPCC finds that the media could also help form the path towards a more
            sustainable world: “Raising awareness among media professionals of the need for greenhouse
            gas mitigation and the role of the media in shaping lifestyles and aspirations could
            be an effective way to encourage a wider cultural shift.”2712

         
         When we think we want more goods, it is just because we have been conditioned that
            way.2713 As the IPCC tells us, we do not need more consumption – research shows that “there
            is no clear link between level of GNP and quality of life (or satisfaction) beyond
            certain thresholds.”2714 The argument is based on a study showing that “although consumption in the USA has
            doubled since 1957, it is reported that the average US citizen considers his or her
            happiness to have decreased since then.”2715 However, the study is incorrectly referred,2716 such studies are notoriously difficult to compare over time,2717 and most of all it is now incorrect – for the only comparable data series since 1957,
            happiness has shown no marked tendency and it actually exceeded the 1957 result in
            1988 and 1990.2718 Moreover, the claimed absence of a link between income and happiness is incorrect
            – it is true that there is less more satisfaction, the richer you get, but there is still more.2719

         
         Nevertheless, this exposition clearly show that global warming is not just about CO2 quotas, measuring temperatures and choosing the path leaving the richest world for
            our descendants. The IPCC has entered the fray in telling us that climate deliberations
            is not only climate policy but “a wide range of issues, including development, equity,
            sustainability, and sustainable development.”2720

         
         Likewise, the environmental movement has an interest in greenhouse gas curbs which
            goes far beyond the narrow concerns of global warming. Perhaps the best illustration
            comes from an episode back in March 1989, when electrochemists B. Stanley Pons and
            Martin Fleischmann shocked the world, announcing that they had achieved fusion at room temperature.2721 As other researchers tried and failed to replicate cold fusion, it led to skepticism
            and today most researchers dismiss cold fusion as a grand illusion.2722 Nevertheless, for a some short months, it was actually possible to believe that we
            had cold fusion within reach – essentially giving humanity access to clean, cheap
            and unlimited power.
         

         
         In April 1989 the Los Angeles Times interviewed a number of top-environmentalists about their view on cold fusion.2723 With the assumption that the technology would be cheap and clean, Jeremy Rifkin nevertheless
            thought
         

         
         “it’s the worst thing that could happen to our planet.” Inexhaustible power, he argues
            only gives man an infinite ability to exhaust the planet’s resources, to destroy its
            fragile balance and create unimaginable human and industrial waste.2724

         
         UC Berkeley physicist John Holdren pointed out that “clean-burning, non-polluting,
            hydrogen-using bulldozers still could knock down trees or build housing developments
            on farmland.”
         

         
         UC Berkley anthropologist Laura Nader told us that

         
         many people just assume that cheaper, more abundant energy will mean that mankind
            is better off, but there is no evidence for that. Between 1950 and 1970 there was
            a doubling of energy use while at the same time quality of life indicators all declined.2725

         
         Stanford biologist Paul Ehrlich was cautious. While cheap, clean, inexhaustible power
            could be a boon for mankind, the problem was that “industrialized societies, so far, have
            not used power wisely,” but caused massive pollution. In summary, Ehrlich said that
            cold fusion, even if clean and cheap, would be “like giving a machine gun to an idiot
            child.”2726

         
         Finally, Barry Commoner, Center for Biology of Natural Systems, pointed out that “fusion
            power could prove to be a dangerous distraction from existing energy sources. It does
            not make sense, he says, to jump on an unproven, possibly dangerous technology like
            fusion when a safe, proven and decentralized technology like solar power is there
            for the asking.”2727

         
         What these statements of opposition to an almost ideal energy source show is that
            the relevant agenda is not about energy or the economics of energy. Indeed this could
            not be the case, since the question from the Los Angeles Times was originally formulated “what if cold fusion would be cheap and clean?” Instead the opposition is based on a different
            agenda, focused on the potentially damaging consequences from using cold fusion. Essentially,
            the criticism points to other values, arguing for a change to a decentralized society
            which is less resource oriented, less industrialized, less commercialized, less production-oriented.
            Such an agenda is entirely valid, but it is important to realize that the discussion
            is no longer primarily about energy.
         

         
         So this is the answer as to why the global warming discussion sounds like the clash
            of two religions. The argument I have presented above is one way to look at the world.
            It attempts to deal with the basic problem of global warming, and tries to identify
            the best possible policy to deal with it. But it does not ask of its solutions that
            they should also help fundamentally change the fabric of society.
         

         
         The other approach, using global warming as a springboard for other wider policy goals
            is entirely legitimate, but in all honesty these goals should naturally be made explicit.
            When the scenario modelers tell us that the B1 scenario is “best,” they really tell
            us that they prefer a society with less wealth but also with less climate change.2728 However, I think they really have to explicate this choice, given a difference in
            wealth of $107 trillion and a climate cost of “just” $5 trillion. Likewise, will B1
            really be better for the developing countries, loosing out on some 75 percent personal
            income?
         

         
         When the IPCC tells us that we do not need more money to be happy and that bicycles
            and sailing ships would work fine in a decentralized world with a regionalized economy,
            this is indeed a legitimate argument. But this is not the story that has reached the
            news head-lines.2729 Rather, the IPCC has tightened the description of human culpability in global warming
            – “to present a clear and strong message to policy makers.”2730 And this message was clearly captured, as in this headline: “We are all guilty! It’s
            official, people are to blame for global warming.”2731

         
         Many scientists in the IPCC are undoubtedly professional, academically committed and
            clearheaded, but the IPCC works in a minefield of policy, and it has to take political
            responsibility for its seemingly scientific decisions, if they cause obvious biases
            in reporting. When the IPCC used scenarios that were presented as far-ranging “stories,”
            the choice of many extremes nevertheless had political implications. In the reporting
            from the major media, such as CNN, CBS, The Times, and Time, it was found that all used the high estimate of 5.8°C warming, and yet none mentioned the low estimate of 1.4°C.2732

         
         Conclusion: scares and sound policy

         
         The important lesson of the global warming debate is threefold. First, we have to
            realize what we are arguing about – do we want to handle global warming in the most
            efficient way or do we want to use global warming as a stepping stone to other political
            projects. Before we make this clear to ourselves and others, the debate will continue
            to be muddled. Personally, I believe that in order to think clearly we should try
            to the utmost to separate issues, not least because trying to solve all problems at
            one go may probably result in making bad solutions for all areas. Thus, I here try
            to address just the issue of global warming.
         

         
         Second, we should not spend vast amounts of money to cut a tiny slice of the global
            temperature increase when this constitutes a poor use of resources and when we could
            probably use these funds far more effectively in the developing world. This connection
            between resource use on global warming and aiding the Third World actually goes much
            deeper, because, as we saw above, the developing world will experience by far the
            most damage from global warming. Thus, when we spend resources to mitigate global
            warming we are in fact and to a large extent helping future inhabitants in the developing
            world.2733 However, if we spend the same money directly in the Third World we would be helping
            present inhabitants in the developing world, and through them also their descendants.
            Since the inhabitants of the Third World are likely to be much richer in the future,
            and since we have shown that the return on investments in the developing countries
            is much higher than those on global warming, the question really boils down to: Do
            we want to help more well-off inhabitants in the Third World a hundred years from
            now a little or do we want to help poorer inhabitants in the present Third World more?
            To give a feel for the size of the problem – the Kyoto Protocol will likely cost at
            least $150 billion a year, and possibly much more (Figure 164). UNICEF estimates that just $70–80 billion a year could give all Third World inhabitants
            access to the basics like health, education, water and sanitation.2734 More important still is the fact that if we could muster such a massive investment
            in the present-day developing countries this would also give them a much better future
            position in terms of resources and infrastructure from which to manage a future global
            warming.
         

         
         Third, we should realize that the cost of global warming will be substantial – about
            $5 trillion. Since cutting back CO2 emissions quickly becomes very costly, and easily counterproductive, we should focus
            more of our effort at finding ways of easing the emission of greenhouse gases over
            the long run. Partly, this means that we need to invest much more in research and
            development of solar power, fusion and other likely power sources of the future. Given a current
            US investment in renewable energy R&D of just $200 million, a considerable increase
            would seem a promising investment to achieve a possible conversion to renewable energy
            towards the latter part of the century. Partly, this also means that we should be
            much more open towards other techno-fixes (so-called geoengineering). These suggestions
            range from fertilizing the ocean (making more algae bind carbon when they die and
            fall to the ocean floor) and putting sulfur particles into the stratosphere (cooling
            the earth) to capturing CO2 from fossil fuel use and returning it to storage in geological formations.2735 Again, if one of these approaches could indeed mitigate (part of) CO2 emissions or global warming, this would be of tremendous value to the world.
         

         
         Finally, we ought to have a look at the cost of global warming in relation to the
            total world economy. If we implement Kyoto poorly or engage in more inclusive mitigation
            like stabilization, the price will easily be 2 percent or more of world GDP per year
            towards the middle of the century.
         

         
         Now, can 2 percent of world production be described as a lot of money when it comes
            to combating global warming?2736 That all depends on how we look at it. In a sense, 2 percent annually of world production
            is naturally a massive amount – almost the same as is spent annually on the military
            globally.2737

         
         At the same time, the world economy is expected to grow by around 2–3 percent throughout
            the twenty-first century. So one could also argue that the total cost of managing
            global warming ad infinitum would be the same as deferring the growth curve by less than a year. In other words
            we would have to wait until 2051 to enjoy the prosperity we would otherwise have enjoyed
            in 2050. And by that time the average citizen of the world will have become twice
            as wealthy as she is now.
         

         
         This is not to make light of $5,000 or $10,000 billion. Far from it. I still believe
            that we should use it as sensibly as we can. But there is no way that the cost will
            send us to the poorhouse. Global warming is in this respect still a limited and manageable
            problem.
         

         
         
         Figure 165 shows the total cost of applying the various policies to total future consumption.
            Global warming will cost us approximately 0.5 percent of our overall consumption.
            Even stabilization of emissions will “only” cost 0.4 percent more of our overall wealth
            compared to choosing the optimal solution to global warming.
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         Figure 165 Total future consumption in trillion 2000 US$, for business-as-usual, five scenarios
            and the value if global warming was not happening. Source: Nordhaus 1992:1317, Nordhaus
            and Boyer 2000:7:26, 8:28, BEA 2001b–c.
         

         
         
         This total future consumption also underscores that global warming is not anywhere near the most important problem facing the world. What matters is making the developing countries rich and giving the citizens of
            developed countries even greater opportunities. In Figure 166 we see the total income over the coming century for the four main scenarios in the
            IPCC. If we choose a world focused on economic development within a global setting,
            the total income will be some $900 trillion. However, should we go down a path focusing
            on the environment, even if we stay within a global setting, humanity will lose some $107 trillion, or 12 percent
            of the total, potential income. And should we choose a more regional approach to solving
            the problems of the twenty-first century, we would stand to lose $140–274 trillion
            or even more than a quarter of the potential income. Moreover, the loss will mainly
            be to the detriment of the developing countries – switching from A1 to B1 would cost
            the developing world a quarter of its total income.2739
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         Figure 166 The four main scenarios in IPCC, along the dimension Global–Regional and the dimension
            Economic–Environmental. The total worth of income over the century 2000–2100 is estimated
            at $895 trillion in A1, the global economically focused scenario.2738 The cost of focusing on the environment in a global setting is $107 trillion (B1),
            the cost of focusing on the economy but in a regionalized setting is $274 trillion
            (A2) and the cost of focusing on the environment in a regionalized economy is $140
            trillion (B2). For comparison, the total cost of global warming is estimated at 4.8
            trillion, or 0.5 percent of the A1 scenario. All amounts in 2000 US$. Source: IPCC
            2000b, BEA 2001b–c.
         

         
         Again, this should be seen in the light of a total cost of global warming at about
            $5 trillion and a cost of all other environmental policies throughout the twenty-first
            century of $18 trillion. What this illustrates is that if we want to leave a planet
            with the most possibilities for our descendants, in both the developing and the developed
            world, it is imperative that we focus primarily on the economy and solving our problems
            in a global context rather than focusing – in the IPCC lingo – on the environment
            in a regionalized context. Basically, this puts the spotlight on securing economic
            growth, especially in the third world, while ensuring a global economy, both tasks
            which the world has set itself within the framework of the World Trade Organization
            (WTO). If we succeed here, we could increase world income with $107–274 trillion,
            whereas even if we achieve the absolutely most efficient global warming policies,
            we can increase wealth with just $0.245 trillion (Figure 164). To put it squarely, what matters to our and our children’s future is not primarily
            decided within the IPCC framework but within the WTO framework.
         

         
         Yet, one could be tempted to suggest that we are actually so rich that we can afford
            both to pay a partial insurance premium against global warming (at 2–4 percent of
            GDP), and to help the developing world (a further 2 percent), because doing so would
            only offset growth by about 2–3 years. And that is true. I am still not convinced
            that there is any point in spending 2–4 percent on a pretty insignificant insurance
            policy, when we and our descendants could benefit far more from the same investment
            placed elsewhere. But it is correct that we are actually wealthy enough to do so.
         

         
         And this is one of the main points of this book.
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         The Real State of the World
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         25 Predicament or progress?

         
         Throughout this book I have tried to present all the facts, to give us a rounded feel
            of the real state of the world, and I have tried to compare and contrast it to our
            current understanding, stemming from the recurrent incantations of the Litany. In
            this concluding chapter I want to sum up the problems and consequences of our biased
            view of the world. However, I will also allow myself to be more free to point out
            what I think are the great remaining challenges for humanity.
         

         
         On the global level, it seems obvious to me that the major problems remain with hunger
            and poverty. Although we have witnessed great improvements both in feeding ever more
            people, ever better, and bringing ever more people out of poverty, and although these
            positive trends are likely to continue into the future, there still remain some 800
            million hungry people and some 1.2 billion poor people in this world. In terms of
            securing a long-term improvement of the environmental quality of the developing world,
            securing growth so as to lift these people out of hunger and poverty is of the utmost
            importance, since our historical experience tells us that only when we are sufficiently
            rich can we start to think about, worry about and deal with environmental problems.
         

         
         As regards the developed world, we have seen great improvements overall and also within
            the environmental area. These positive developments do not imply that we need do no
            more for the environment. On the contrary, in many areas and over time it will make
            good sense to invest even more in sound environmental management: as the discussion
            on air pollution pointed out, although particle pollution is probably lower now than
            at any time since the 1500s, lowering emissions even further will probably be a wise
            use of resources. However, we have to realize that investing in an ever better environment
            is only one of the many ways we can invest in a better world, and that we must prioritize
            the environment as against better education, more health care, and better infrastructure
            as well as improving conditions in the Third World.
         

         
         The central point here remains: if we are to make the best decisions for our future,
            we should base our prioritizations not on fear but on facts. Thus, we need to confront
            our fears; we need to challenge the Litany.
         

         
         The Great Fable of the Litany

         
         We have been told for a long time the story of the Litany, that doomsday is nigh.
            Lester Brown and an entire army of environmental organizations, pundits and politicians
            have warned us of the impending débâcle. This message has had enormous social and
            political impact. Former vice-president Al Gore’s Earth in the Balance is an excellent example of the mood. The opening paragraph of its conclusion states
            plainly: “Modern industrial civilization as presently organized, is colliding violently
            with our planet’s ecological system.”2740

         
         And this is not all, Gore insists. For sure, the deterioration of the world’s rainforests,
            of fertile agricultural land, of the ozone layer and of the climate balance is terrible,
            but Gore actually informs us that these calamities are “only the first of a steady
            stream of progressively Part VI: The Real State of the World more serious ecological catastrophes that will
            be repeatedly proffered to us.”2741

         
         At the same time he insists that the loss is not only in the environment but also
            within ourselves. We have lost our natural contact with the Earth and become strangers
            to our own existence. “The pursuit of happiness and comfort is paramount,” and we
            have ended up concentrating on “the consumption of an endless stream of shiny new
            products.”2742 We have constructed “a false world of plastic flowers and Astroturf, air-conditioning
            and fluorescent lights, windows that don’t open and background music that never stops
            … sleepy hearts jump-started with caffeine, alcohol, drugs and illusions.” We have
            forgotten our “direct experience with real life.”2743 Our civilization has achieved not only the destruction of the world but of ourselves.
            This is, indeed, “a dysfunctional civilization.”2744

         
         And consequently, Gore sees this civilization as the new antagonist, just as Nazi
            Germany and communist totalitarianism were for the previous generation. “It is not
            merely in the service of analogy that I have referred so often to the struggles against
            Nazi and communist totalitarianism, because I believe that the emerging effort to
            save the environment is a continuation of these struggles.”2745 And this is the reason why “we must make the rescue of the environment the central
            organizing principle for civilization.”2746

         
         The Real State of the World

         
         But this vision and its political consequences are borne on the myth of the Litany.
            Gore’s Litany about “a dysfunctional civilization” and the loss of a “direct experience
            with real life” reveals both a scary idealization of our past and an abysmal arrogance
            towards the developing countries of the world.
         

         
         The fact is, as we have seen, that this civilization has over the last 400 years brought
            us fantastic and continued progress. Through most of the couple of million years we
            have been on the planet we had a life expectancy of about 20–30 years. During the
            course of the past century we have more than doubled our life expectancy, to 67 years.
         

         
         Infants no longer die like flies – it is no longer every other child that dies but
            one in twenty, and the mortality rate is still falling. We are no longer almost chronically
            ill, our breaths stinking of rotting teeth, with festering sores, eczema, scabs, and
            suppurating boils. We have far more food to eat – despite the fact that the Earth
            is home to far more people: the average inhabitant in the Third World now has 38 percent
            more calories. The proportion of people starving has fallen dramatically from 35 percent
            to 18 percent, and by the year 2010 this share will probably have fallen further to
            12 percent. By that time, we will feed more than 3 billion more people adequately.
         

         
         We have experienced unprecedented growth in human prosperity. In the course of the
            last 40 years, everyone – in the developed as well as the developing world – has become
            more than three times richer. Seen in a longer perspective this growth has been quite
            overwhelming. Americans have become 36 times richer over the past 200 years.
         

         
         We have gained access to far more amenities, from clean drinking water to telephones,
            computers and cars. We are better educated; in the Third World, illiteracy has fallen
            from 75 percent to less than 20 percent, and the standard of education in the developing
            and the developed world has increased tremendously – as regards university education
            in the developing countries by almost 400 percent in 30 years.
         

         
         We have more leisure time, greater security and fewer accidents, more education, more
               amenities, higher incomes, fewer starving, more food and a healthier and longer life. This is the fantastic story of mankind, and to call such a civilization “dysfunctional”
            is quite simply immoral. In the developing world there are still many who lack the
            basic necessities and for whom growth and development are not an inconsequential experience
            of plastic flowers, microwaved food, alcohol and drugs, but a chance to live a decent life with the possibilities
            of choices, reaching beyond the concerns of getting enough to eat.
         

         
         For the industrialized world, growth and progress have given us a life that is so
            much better that we at last have enough time and resources to consider how we want
            to make the most of life. Ironically, Al Gore’s dressing-down of our society is only
            possible because growth has liberated us (and him) sufficiently from our physical
            limitations to give us the possibility to choose – even if this choice is to turn
            one’s back on present-day society.
         

         
         In so far as Gore simply wants us to consider whether we would not be happier shopping
            less and living more (leave the mall and visit friends, go for a hike in the wilderness,
            take up painting, etc.), his commentary is naturally sympathetic and serves as a reasonable
            reminder. But Gore goes much further and tells us that we live superficial and phony
            lives, that our civilization and our parents’ generation have indoctrinated us into
            living this dysfunctional life and that we cannot see the prison walls that surround
            us.2747 We are repressed without being aware of it. This kind of supercilious attitude is
            a challenge to our democratic freedom and contests our basic right to decide for ourselves
            how we lead our lives, so long as doing so does not bring us into collision with others.
         

         
         But for both Al Gore and Lester Brown the argument goes much deeper. Because the actual
            justification of their criticism of civilization is not that we are doing better,
            but that we are doing better to an increasing extent at the cost of Earth’s ecosystem.
            This is why in reality we should put a stop to the insane collision with Earth’s limits.
         

         
         Al Gore thus joins the long list of cultural pessimists who have experienced the modern
            world but have also seen the seeds of its destruction.2748 From Frankenstein to Jurassic Park, our technical ingenuity is seen as catastrophically
            exceeding our expectations, creating a world that has spun out of control.
         

         
         Ironically, Al Gore believes that the way to escape this dysfunctionality is by means
            of “the harsh light of truth.”2749 And as we have seen throughout the book, the light of truth does have a harsh edge,
            especially on the core myths of the Litany.
         

         
         Because our food production will continue to give more people more and cheaper food.
            We will not lose our forests; we will not run out of energy, raw materials or water.
            We have reduced atmospheric pollution in the cities of the developed world and have
            good reason to believe that this will also be achieved in the developing world. Our
            oceans have not been defiled, our rivers have become cleaner and support more life,
            and although the nutrient influx has increased in many coastal waters like the Gulf
            of Mexico, this does not constitute a major problem – in fact, benefits generally
            outweigh costs. Nor is waste a particularly big problem. The total US waste throughout
            the twenty-first century could be deposited in a single square landfill, less than
            18 miles on the side – or 26 percent of Woodward County, Oklahoma.
         

         
         Acid rain did not kill off our forests, our species are not dying out as many have
            claimed, with half of them disappearing over the next 50 years – the figure is likely
            to be about 0.7 percent. The problem of the ozone layer has been more or less solved.
            The current outlook on the development of global warming does not indicate a catastrophe
            – rather, there is good reason to believe that our energy consumption will change
            towards renewable energy sources way before the end of the century. Indeed, the catastrophe
            seems rather in spending our resources unwisely on curbing present carbon emissions
            at high costs instead of helping the developing countries and increasing non-fossil
            fuel research. And finally, our chemical worries and fear of pesticides are misplaced
            and counterproductive. First, phasing out pesticides will probably waste resources
            and actually cause more cancer. Second, the main causes of cancer are not chemicals
            but our own lifestyle.
         

         
         
         The Litany is based on myths, although many of these myths may be propagated by well-meaning,
            compassionate people. And one can of course choose to believe that these myths may
            represent “only the first of a steady stream of progressively more serious ecological
            catastrophes.” But it is essential to point out that this is purely a matter of conviction.
            We know of no other substantial problems looming on the horizon.
         

         
         It is difficult not to get the impression that the criticism leveled by Brown and
            Gore of a “dysfunctional civilization” is simply an expression of our Calvinistic
            sense of guilt.2751 We have done so well that some actually feel rather ashamed. We may really believe
            that we have deserved global warming.
         

         
         But such a conclusion is quite unnecessary. We ought not to punish ourselves in shame.
            We ought to be pleased that we have thrown off so many of humanity’s yokes and made
            possible fantastic progress in terms of prosperity. And we ought to face the facts
            – that on the whole we have no reason to expect that this progress will not continue.
         

         
         This is the real state of the world.

         
         Yet we worry ever more

         
         Of course this does not mean that everything is hunky dory and that we face no problems
            at all. Humanity still has a whole series of challenges to tackle, now and in the
            future. Things are better now, but they are still not good enough.
         

         
         However, being presented with the real state of the world makes us realize that, given
            our past record, it is likely that by humanity’s creativity and collected efforts
            we can handle and find solutions to these problems. Consequently we can approach the
            remaining problems with confidence and inspiration to create an even better world.
         

         
         And honestly, we are perfectly aware of the true challenges for our globe. There are
            still 800 million people who starve. While the number of starving people has decreased
            and the percentage has decreased rapidly since 1950, this is still far too many. Equally,
            there are still 1.2 billion poor people. While the share of poverty has declined rapidly
            since 1950, this is also still far too many.
         

         
         We need to set these challenges as top priorities, and this entails helping the developing
            countries with structural changes and committing them to the path of democracy and
            the rule-of-law, while fulfilling our UN pledge of donating 0.7 percent of the GNP,
            which currently only Denmark, Norway, the Netherlands and Sweden fulfill.2752 But it also entails allowing the developing countries into the global economy, letting
            them compete precisely in the areas where they have the competitive advantage. This
            means we need to lift restrictions and cut subsidies on labor-intensive products such
            as agriculture and textiles, two of the areas most protected by the developed countries.
         

         
         As far as the Western world is concerned, we also know the challenges. Many people
            still die needlessly because of air pollution. While air pollution has decreased dramatically
            over the past 30 years, it is still too high, especially with regard to particulate
            pollution. Thus, stringent pollution restrictions in areas where benefits outweigh
            costs will still be a necessary goal. Beyond that, we need to quit smoking, avoid
            fatty foods, get more exercise, and as a society we need to achieve a whole series
            of social and educational improvements. However, these areas are unfortunately not
            quite as sexy as focusing on pesticides, oxygen depletion, global warming, forests,
            wind power, biodiversity, etc. – issues which are more clearly someone else’s fault.
         

         
         One of the most serious consequences of the Litany of Brown, Gore and the entire environmentally
            worried elite is that it undermines our confidence in our ability to solve our remaining
            problems. It gives us a feeling of being under siege, constantly having to act with
            our backs to the wall, and this means that we will often implement unwise decisions
            based on emotional gut reactions. The Litany gets to modern man and impacts us directly:
            the Litany frightens us.
         

         
         The social scientist Aaron Wildavsky pondered this paradox: “How extraordinary! The
            richest, longest lived, best protected, most resourceful civilization, with the highest
            degree of insight into its own technology, is on its way to becoming the most frightened.”2753

         
         This fear becomes evident when people are interviewed. We are afraid. We fear the
            future. In the Health of the Planet survey, people were asked how much they believed environmental problems affected their
            health ten years ago and now, and how it would affect their children 25 years from
            now. As can be seen in Figure 167, the respondents were – overwhelmingly – frightened. The respondents believe that
            the environmental problems of the future will consistently affect our health much
            more in the future than it did in the past. This is – at least as far as the industrialized
            world is concerned – astonishing: we know that atmospheric pollution, which accounts for more than half the incidences of environment-related
            cancer, has been drastically reduced.2754 But we still believe that it has become worse and worse.
         

         
         This feeling is in large part caused by the Litany. It is due to the steady flow of
            information about the terrible state of the environment. But how is it possible to
            believe that things are getting worse when objective figures show the exact opposite?
            This apparent paradox seems to be a consequence of prosperity often described by the
            expression: “No food, one problem. Much food, many problems.”2755 We are now so well off in so many different respects that we have time to worry about
            a whole series of other minor problems.
         

         
         Some sociologists see this as an expression of modern society having begun systematically
            to produce risks which are invisible (e.g. pesticides and radioactivity) and about
            which we can thus only be informed by experts.2756 However, this argument seems misplaced. In times past, our society produced large
            numbers of invisible risks – tuberculosis, the plague and smallpox could not be seen
            by the naked eye and seemed to strike at random. These risks were far greater, as
            is reflected by much shorter life expectancy.2757 It seems more plausible that our society has changed character because it has begun
            to produce far more information about risks.2758

         
         This was the point made in the introduction. Our fear is due to a high degree to the
            fact that we are given ever more negative information by scientists, the organizations
            and the media. We are being made aware of things we had no idea we needed worry about.
         

         
         More research is being conducted than ever before. One obvious consequence is that
            we find ever more causal connections. Many of these connections are extremely marginal.
            And given the statistical nature of most of the studies, some of them will later prove
            to be wrong. There is nothing improper in that, since this is the way science works,
            but it does mean that there are ever more bits of accessible information about things
            which are not necessarily either relevant or even correct. We are familiar with this
            tendency from the world of medicine and the continuous bombardment of information
            about dos and don’ts: now salt is good for you, now it is bad for you; now estrogens
            cause breast cancer, now they don’t.
         

         
         At the same time both the organizations and the media have an ever-increasing need
            to profile themselves in the struggle for attention and market segments. The environmental
            organizations fight for the environment, and as we pointed out in the introduction,
            they therefore also have an obvious interest in presenting a specific image of the
            world: that the environment is in an awful state and getting poorer. The worse they
            can portray the environment, the easier it is for them to convince us that we need
            to spend more money on the environment rather than on hospitals, child day care, etc.
            The organizations are keen to tell us when the deforestation rate in the Amazon has gone up, but not when it has dropped.2759
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         Figure 167 The percentage of respondents who say that environmental problems affect their health
            “a great deal” or “a fair amount,” 10 years ago, now and 25 years in the future.2750 Source: Dunlap et al. 1993:14.
         

         
         The media look for interesting and sensational news but often end up focusing on the
            negative aspects and giving us yet more worries to consider. When the harvest is good
            we hear about how low prices will be bad for the farmers; however, when the harvest
            is bad we hear how the consumers will suffer from high prices. When in February 1992
            NASA predicted that a hole might open in the ozone layer above the US, the story hit
            the front page of Time magazine. NASA’s withdrawal of the story two months later was only given four lines
            inside the magazine.2760 Unless readers are extremely observant they would in both situations be left with
            the distinct impression that the state of the world had deteriorated.
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         Figure 168 Trends in public opinion about the importance of the environment, 1968–2001.2761 Source: Dunlap 1991b:291, 294, 300, 1991a:13, GSS 2000, Gallup 2000, Saad & Dunlap
            2000, Dunlap & Saad 2001, Anon. 1997b.
         

         
         Setting priorities and risks

         
         The fear created by the Litany is effectively communicated by organizations and the
            media, which again (and for a variety of reasons) selectively use some of science’s
            many results to confirm our concerns. This fear is absolutely decisive because it
            paralyses our reasoned judgment. Thus, it is imperative that we regain our ability
            to prioritize the many different worthy causes.
         

         
         We all care for the environment. In Figure 168, we can see how environmental consciousness was ignited around the first Earth Day
            in 1970 (unfortunately we only have very poor poll data before 1973), when 17 percent
            of Americans mentioned it as one of the most important problems. Since then, however,
            the environment has never really been the most important problem, which is more likely to be the economy, employment, the deficit,
            crime, drugs or healthcare – even today, the environment seldom rises above 2 percent
            in most-important-problem polls.2762

         
         But there is a basic goodwill towards the environment, with 50 percent of all Americans
            describing themselves as environmentalists.2763 Actually, during the Reagan years, the belief that too little was done for the environment
            increased as did the will to set environmental protection over economic growth. In
            the 1990s the support may have slipped slightly, but the basic support for tougher
            environmental policies has remained.
         

         
         In all liberal democracies, voters have displayed ever increasing and broadening expectations
            for public services, which has put the squeeze on public funding throughout most of
            the Western world. Many worthy causes, not just environmental ones but also issues
            of health, education, infrastructure and care make ever increasing demands on our
            time, attention and not least money. The US expenditure on the environment has increased
            sevenfold since 1962 (Figure 169), significantly outpacing the GDP, which has increased only a little more than threefold.
            In 1999, expenditure on the environment was $227 billion or about 2.4 percent of GDP. Furthermore, there is no reason to assume that the number
            of good and deserving environmental projects will not grow in the future as well.2765 For this reason it will be ever more crucial for us to be able to prioritize between
            the many different causes, each of them worthy. To use the idiom of the introduction,
            it is necessary for us to learn to do the dishes until they are clean enough, and not continue washing them when they are already 99.9999 percent clean.
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         Figure 169 Expenditure on the US environment, 1962–99, in 2000$. Not all costs are included
            and some years have been estimated.2764 Source: CEQ 1997:249–50, EPA 2000a:013.txt, USBC 1999d, OMB 2000b:Table 3.2, BEA
            2001b–c.
         

         
         This problem of prioritization, of course, is conspicuous in Figure 168, where 50–60 percent of all American voters declare themselves in agreement with
            the statement: “Protecting the environment is so important that requirements and standards
            cannot be too high, and continuing environmental improvements must be made regardless
            of cost.”2766 Such an understanding is problematic in at least two ways. First, it prevents prioritizing
            between environmental problems, so that we handle the most important ones first, essentially
            claiming that all environmental problems are of the utmost importance. Second, it hinders prioritizing
            between the environment and all other essential areas of society, basically claiming
            that any environmental problem has an absolute first priority.
         

         
         Such statements of dislike of prioritization have grave consequences. Of course, in
            real life popular majorities of 50–60 percent of voters are not translated into approved
            budgets with 100 percent for the environment and 0 percent for all other areas. But
            because so many voters have claimed that “we should do everything for the environment”
            they have essentially left the difficult issue as to which of the many important environmental projects we should choose to the persons or organizations
            that shout the loudest. In reality, the expressed dislike of prioritization does not
            mean that we will not end up prioritizing, only that our choices will be worse. Against
            this, I will try to argue that if we want the best possible solutions for society,
            we have to tackle prioritization head on. Using the title of a recent book, we really
            do have to do worst things first.2767

         
         In the following I shall take a good look at death risks. This does not mean that
            other essential yardsticks do not exist (such as the risk of illness and the threat
            to ecosystems), but for one thing the risk of death is essential and often overshadows
            other considerations as far as the individual voter is concerned, and for another
            it has been the typical focal point of much environmental regulation.
         

         
         First of all, therefore, we must ask ourselves how significant pollution actually
            is to human life. Figure 170 shows the proportion of deaths caused by ten of the most important risk factors.
            We have to weigh up how this distribution of risks tallies with our preconceived idea
            of where the problems lie. Do these figures reflect our political aims and areas of
            effort?
         

         
         What we see in Figure 170 is that by far the most of the years of life lost (YLL) in the developing world are
            caused by hunger, by the lack of access to clean drinking water and sanitation, and by poor hygiene, as we discussed in Part II. These problems have practically disappeared
            in the developing countries. Of course, since we eventually have to die, we now face
            numerous other risks. Our years of life lost stem primarily from use of tobacco, alcohol
            and drugs, a lack of exercise, hypertension and risks faced at work (e.g. accidents
            and asbestos). Notice that within the OECD, lack of exercise actually leads to the
            loss of more life-years than hypertension. Unsafe sex covers both HIV and hepatitis
            B infections as well as the group of cervical cancers attributable to infections.
            Also included are the deaths caused by unwanted pregnancies as well as from abortions.
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         Figure 170 The WHO estimate of the distribution of Years of Life Lost (YLL) caused by ten important
            risk factors, for the world, the developing countries, the former socialist countries
            of Europe (incl. Russia) and the OECD.2768 The figures only add up to approximately 46 percent because it must be possible to
            attribute death to individual risk factors. Source: Murray and Lopez 1996a:311–15.
         

         
         Air pollution is indeed a significant health threat in the former socialist economies,
            where decades of inefficient production and unregulated pollution still takes its
            toll. Nevertheless, apart from the risk of unsafe sex and illicit drugs, even here
            the pollution risk of 3.5 percent YLL is the smallest of the industrialized world
            risks. And when we look at the OECD-area, it becomes obvious that at 0.6 percent the
            environmental risk from air pollution is by far the smallest of all OECD risks. For
            the OECD, air pollution simply accounts for a very small share of the overall life-years
            loss. This result corresponds to the finds of Doll and Peto from the chapter on chemicals
            and pesticides, where we saw that pollution contributed about 2 percent to cancer.
            Here we find once again that only a tiny proportion of the overall loss of life-years
            is attributable to pollution. The fact that the figure is only 0.6 percent does not mean that we can just ignore
               pollution or should dismiss political action, but it does indicate the degree of worry we should attach to pollution.
         

         
         There is a clear tendency to wish away all risk. We saw how Al Meyerhoff from the
            Natural Resources Defense Council argued that pesticides cause cancer. Thus, “we must
            get rid of pesticides in the food supply.”2769 The logic seems to be that if a risk exists it ought to be removed. This is naturally
            an extremely sympathetic though thoroughly unrealistic attitude. To remove all risks
            would be impossible.2770 And far more essential: when we remove one risk we cause several others to pop up.
            We saw during the discussion on pesticides that if we remove them, then we will naturally
            avoid (some time in the future) having any pesticides in our drinking water. But at
            the same time we will get a decrease in agricultural production and higher fruit and
            vegetable prices, with a resulting increase in the cancer rate. Simply presenting
            the direct, advantageous consequences of removing pesticides without contemplating
            the secondary and considerable disadvantages leaves us with a poor basis on which
            to make decisions.
         

         
         We must get used to the idea that all decisions are in reality a trade-off of various risks. When we choose between chlorinated
            and unchlorinated water we choose between the slight risk of getting cancer from chlorine
            and the many diseases unchlorinated water can spread.2771 When we take an aspirin to relieve a headache we also risk irritation of the stomach
            lining, and with prolonged use perhaps even an ulcer.2772 In effect, we choose between the certainty of a headache and the possibility of an
            irritated stomach. If we go to the bakery, we really choose a Danish pastry at the
            expense of an (extremely small) risk of getting killed on the road to or from the
            baker. And if we eat the Danish pastry we give greater priority to our sweet tooth
            than to the risk of getting a circulatory disease.
         

         
         It is tempting to wish for an end to all these risks. With enough money we could secure
            everybody pure water supplies without chlorine and subsidize the use of ibuprofen,
            which does not have the side-effects of aspirin; we could build safer roads and reduce
            the wait for heart surgery. But the crucial words are ‘enough money.’ Because we will
            never have enough money. Money must also be spent on hip operations, roundabouts,
            public libraries and overseas development aid. The list of sound, worthy causes is
            practically endless, and this forces us to choose.
         

         
         Weighing risks

         
         Prioritizing is made harder by two tendencies which supplement each other. Psychologically
            we have a tendency to underestimate large risks and to overestimate small ones.2773 At the same time the media have a tendency to focus on dramatic rather than everyday
            risks. This is a dangerous cocktail.
         

         
         For the very purpose of attracting public interest the media present us with far more
            about tragedies and sudden accidents than one ought to expect if the media simply
            reflected the mortality statistics. The scientists Combs and Slovic carried out a
            survey of the newspapers’ mention of various causes of death compared to actual mortality
            figures from statistical reports. They found very little connection.2774 People die a thousand times more often from ordinary diseases but murders appear
            three times as frequently in the papers.2775 Plane crashes are overrepresented by almost 12,000 times compared to deaths caused
            by smoking.2776

         
         
         The media rarely present us with information about actual risks. In a survey of 26
            American newspapers a group of scientists asked for the papers’ best articles on environmental
            risks. As many as 68 percent of the returned articles did not contain any information on risk.2777 So newspapers and television only give us an indirect impression of the danger of
            different phenomena by reason of their frequency. It transpires that we overestimate
            the risks we read a lot about and under estimate the risks overlooked by the media.2778

         
         
         Table 8 Actions which increase the risk of dying by 0.000001, and their cause. Source: Wilson
            1979:45.
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         At the same time there is a well-documented tendency to underrate sizeable risks while
            overrating minor, dramatic ones.2779 It seems we generally believe that we are fairly immune to the large risks such as
            cancer from smoking and heart attacks.2780 Coupled to the media’s focus on things sensational, this means that we overrate dramatic
            causes of death such as accidents, killings, botulism and tornadoes while at the same
            time underrating “boring problems” such as diabetes and asthma.2781

         
         Finally, we have great difficulty handling extremely small risks. The problem appears
            to be that if we think about the small risks they have already become much bigger
            – simply because we have thought about them.2782 Most readers will be familiar with the feeling when sitting in an airplane: as soon
            as you have thought “what was that noise?” then the very thinking has made the risk
            grow much larger, as our mind’s eye sees a desperate pilot in a smoke-filled cockpit.
         

         
         Psychologically, therefore, we handle small risks either by making them significant
            enough to think about, or by making them so insignificant that there is good reason
            to ignore them. This presents problems, for example in connection with chemical substances,
            because their safety levels are set at the magically low limit of one to one million,
            i.e. if one million people are subjected to a substanceit should result in a maximum
            of one person’s death in the course of a lifetime.2783

         
         How in the world is one to handle a risk as small as 1:1,000,000? The answer is that
            we either ignore it or choose to focus on it, thus making it psychologically much
            greater. Both solutions are poor ones. We will have to judge the risks to which we
            are exposed in a reasonable fashion if we are to prioritize. Table 8 shows some examples of what increases a lifetime risk by 1:1,000,000.
         

         
         With the media and the organizations focusing so strongly on pesticides, for example,
            it is only natural that we start thinking about them and make them psychologically
            that much more significant. But the risk posed by pesticides in drinking water is probably a good deal lower than 1:1,000,000.2784 If we drink water which contains pesticides at the EU limit value for a whole lifetime, we face the same death risk as if we smoke 1.4 cigarettes, cycle 15 km, live two
            months in a brick building or drink a half liter of wine – just once. If the pesticide content is below such limit value, do pesticides represent any
            substantial problem?
         

         
         Many people would argue that risk is not the only factor to be considered in this
            question of priorities. It is also significant whether the risk was accepted voluntarily
            or thrust upon the person involuntarily.2785 Investigations have shown that people are often willing to take on a risk that is
            a 1,000 times greater so long as they do so of their own free will.2786 The obvious example is choosing to skydive or to go off-piste skiing but still resenting
            the much smaller risks from pesticides or food preservatives, risks that are seen
            as unavoidable and therefore involuntary.2787True, involuntary risks make it impossible for the individual to choose optimally.
            Presumably skydivers find that the thrills of a free fall outweigh the risks of the
            free fall extending all the way to the ground, while others would be terrified at
            the prospect of jumping out of a plane from 10,000 feet. Thus, a society based on
            forced skydiving would make some people happy but leave lots of people intensely worried.
         

         
         However, it is important to realize how many of the risks that we ordinarily claim
            to be voluntaryare not, and vice versa. Although driving a car is fairly dangerous
            (see Table 5, p. 224), the lack of risk concern is typically explained in terms of its being voluntary.2788 Yet for many people, travelling by car is not really a voluntary choice, given the
            need to go to work and go shopping at some distance from available housing. Moreover,
            some of the most important auto risks are clearly not voluntary – the obvious examples
            being drunk drivers, who kill many people besides themselves, and highway design,
            which has strong and well-documented effects on crash risks.2789

         
         Likewise, urban air pollution is described as an involuntary risk, since we have to
            breathe. But of course, choosing to locate ourselves (or choosing not to relocate)
            within a city is the result of an overall trade-off on many different parameters –
            since housing in less polluted areas generally costs more, we are in effect making
            a trade-off between living in a larger house or breathing cleaner air. This problem
            is clear in the often heard claim that poor or black Americans are more likely to
            live close to toxic waste dumps and other environmental hazards.2790 Although the connection is true, it is more correctly seen as a problem of poverty,
            because poor and black Americans are not just environmentally disadvantaged but also
            more likely to live in areas afflicted with high crime, noise, bad infrastructure,etc.
         

         
         Thus, in the following we shall look at both voluntary and involuntary risks over
            a wide assortment of different areas and demonstrate that the extreme focus on environmental
            risks means that other and larger risks are routinely ignored.2791

         
         The costs of the Litany

         
         The Harvard University Center for Risk Analysis has carried out the largest survey
            of life-saving-public initiatives (so-called interventions) in the US for which there
            are publicly available economic analyses.2792 In total, 587 different interventions were analyzed. By using an extremely detailed
            evaluation procedure, at least two researchers out of 11 have computed the cost evaluations
            and the number of life-years saved and rendered the figures comparable. All the costs
            pertain to society as a whole, so no consideration has been made for possible distributional
            consequences.
         

         
         The areas investigated cover health care, as well as residential, transportation,
            occupational and environmental aspects of society. The aim was to evaluate the individual
            areas’ efficiency when it comes to saving human lives. It is important to point out that
            only interventions that have as the primary stated political goal to save human lives
            are included. Thus, the many environmental interventions which have little or no intention
            to save human lives are not considered here. We only compare those environmental interventions
            whose primary goal it is save human lives (as in toxin control) with life-saving interventions
            from other areas. Thus, all the interventions have similar intent and are therefore
            comparable.
         

         
         The results revealed an astounding variation in the efficiency of the various interventions,
            as can be seen in Table 9. Some of the initiatives cost nothing or actually save money. These include, for
            example, informing black women not to smoke during pregnancy as this will give fewer
            birth complications – the net savings for society is about $72 million.2793 For $182,000 a year it is possible to screen black new-borns for sickle cell anemia
            and save 769 life-years: a cost of just $236 per life-year.2794 By spending $253 million on heart transplants, an extra 1,600 life-years can be saved
            at a cost of $158,000 per life-year. Equipping all school buses with passenger safety
            belts would cost around $53 million, but because this would only save much less than
            one child a year, the cost would be $2.8 million per life-year. Regulating radionuclide
            emission at elemental phosphorus plants (refining mined phosphorus before it goes
            to other uses) would cost $2.8 million, but would only save at most one life per decade.
            This gives an estimated cost of $9.2 million per life-year.
         

         
         
         Table 9 Cost efficiency in saving life for selected interventions, with cost per life year
            saved, in 1993$. Source: Tengs et al. 1995.
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         The decision as to how much money should be spent on saving a life-year is naturally
            a political one, and one could of course conceive of both refining the yardstick (possibly
            children’s life-years should count more or less) and challenging some of the figures
            (the price may be twice as high, or half as much). The point here, however, is to
            look at typical prices in the various areas, as shown in Figure 171.
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         Figure 171 Median cost2795 per life-year saved for different sectors of society in 1993$. Number of interventions
            for each sector is 310, 30, 87, 36, and 124 respectively. Source: Tengs et al. 1995:371.
         

         
         
         Here it is quite obvious that there are tremendous differences in the price to be
            paid for extra life-years by means of typical interventions: the health service is
            quite low-priced at $19,000, and the environment field stands out with a staggeringly
            high cost of $4.2 million.
         

         
         Similarly, one can look at costs for different government agencies where this is possible,
            as shown in Figure 172. Again, it transpires that the EPA is astonishingly more expensive.
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         Figure 172 Median cost per life-year saved for different government sectors in 1993$. Agencies
            are Federal Aviation Administration, Consumer Product Safety Commission, National
            Highway Traffic Safety Administration, Occupational Safety and Health Administration,
            and Environmental Protection Agency. Number of interventions for each sector is 4,
            11, 31, 16, and 89 respectively. Source: Tengs et al. 1995:371.
         

         
         
         Although the prices are still only typical (median values), we can look finally at
            the distribution of costs in medicine as against toxin control shown in Figure 173. Here we can see that both areas have a group of socioeconomically free or almost
            free interventions, although the health sector has far more free interventions. However,
            it is clear that while the health sector has more projects in the below $20,000 category,
            most environmental chemical regulation schemes cost above $1,000,000 per life-year.
            Thus, the extremely high typical cost of $7.6 million for the EPA area is fairly representative
            of the cost of saving life by means of toxin control.
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         Figure 173 Distribution of cost per life-year saved for medicine and toxin control in 1993$.
            Number of interventions is 310 for medicine and 144 for toxin control. Source: Graham
            1995.2798

         
         
         The advantage of this method of accounting is that it is possible to see the overall
            effectiveness of the American public effort to save human life. Information exists
            about the actual cost of 185 programs that account for the annual spending of $21.4
            billion which saves around 592,000 life-years. Ananalysis of the data showed, however,
            that there was no connection between efficiency and implementation. It was not that
            the most efficient programs were fully implemented and the least efficient ones had
            not been implemented or only just begun. It is therefore also possible to ascertain,
            rather surprisingly, that the number of life-years saved could have been much higher.
            Spending almost $3 million to control radionuclide emissions from phosphorus plants
            to save only one life per decade is a poor way of saving lives. If one really wants
            to save the maximum possible number of human lives, it would be a much better idea
            to implement the most efficient programs first and then to continue with less and
            less efficient programs for as long as funds were available (of course weighing the
            issues in relation to other policy areas).
         

         
         
         
         
         
         
         
         
         The Harvard study did make such calculations and discovered that instead of saving
            592,000 life-years, 1,230,000 life-years could have been saved for the same money.2796 Without further costs it would have been possible to save around 600,000 more life-years
               or 60,000 more human lives.2797

         
         Of course it is probably impossible to redistribute all public spending to saving
            human lives on the basis of this relatively simple analysis – not least because there
            can be considerations of equality between various population groups which will affect
            some of the results.
         

         
         Even so, the results are so unambiguous and so forceful that they are impossible to
            ignore. Moreover, considering our concern about voluntary and involuntary risks discussed
            above, it is clear that most of the areas covered (out-side occupation, which could
            be said to be voluntary) aim at preventing death which is involuntary (fire regulations
            for children’s sleepwear, speed monitoring to reduce road accidents, HIV screening
            of blood donors, mammography screening, and radiation emission standards for nuclear
            power plants). Thus, even when taking the dimension of involuntary risks into account,
            all of these issues are broadly comparable.
         

         
         
         
         As a society we use vast amounts of resources to regulate both health risks and environmental
            risks such as toxins. We have also seen above that pesticides, for example, probably
            result in very few deaths. But because the media attention is so great, many people
            think that pesticides are rather dangerous. The consequence of the constantly repeated Litany is that we thoroughly regulate and phase out toxins but leave alone
            other areas where the same resources could do much more good, saving many more people
            from dying from involuntary risks. If the Litany makes us demand regulation of particular
            areas of the environment while we fail to consider how the money could otherwise have
            been spent, we actually create a societal structure in which fewer people survive.
         

         
         
         To use a harsh – albeit fitting – metaphor, we could say that when we ignore the cost
            of our environmental decisions on the lesser regulations in other areas, we are in
            reality committing statistical murder. And the Harvard study gives us an indication
            that, with greater concern for efficiency than with the Litany, we could save 60,000
            more Americans each year – for free.
         

         
         
            
            GENETICALLY MODIFIED FOODS – THE ENCAPSULATION OF THE LITANY

            
            Another environmental controversy has been brewing for some years now, the question
               of genetically modified (GM) foods or, as they have successfully been named by their
               opponents, the so-called Frankenfoods.2799 In many ways the discussion tends to be a replay of the Litany vs. evidence,as described
               in this book. However, unlike most of the other issues this debate has in no way been
               concluded and consequently the analysis of the GM issue will necessarily be preliminary
               and rely more on an examination of concrete examples.
            

            
            Here we will talk about genetic modification used not in medical production but in
               agriculture, since this is where most of the controversy has been centered.2800 From 1996 to 2000, the area of GM production has steadily increased from 1.7 Mha
               to 44.2 Mha, or an increase from 0.1 percent to 2.9 percent of the global crop area.2801Four nations grow almost all GM crops, with the US growing 30.3 Mha (16.9 percent
               of its crop area), Argentina growing 10 Mha (36.8 percent), Canada 3 Mha (6.6 percent)
               and China 0.5 Mha (0.4 percent).2802 Nevertheless, by now all six continents grow GM crops commercially.2803 The four top GM crops are soybean, corn, cotton,and canola (rapeseed), at a total
               estimated value of US$3 billion.2804

            
            The promise of GM food is huge but so are its potential problems. Let us look at both,
               starting with the benefits.
            

            
            GM foods will contribute – possibly greatly – to the world’s food supply.2805 Models indicate that over the next 20 years, food prices will decline 10–15 percent
               more due to GM foods than they would otherwise. Equivalently, of course, the cost
               of delaying GM foods for just a decade are prices that will have fallen 10–15 percent
               less, hurting especially the third world poor.2806

            
            There are possibilities of countering malnutrition by increasing the nutritional value
               of staple foods. A typical example is the golden rice which will supply extra vitamin A which could help combat the millions of cases of
               blindness and other diseases stemming from vitamin A deficiency2807 – though such an approach can not by itself totally eradicate the deficiencies.2808

            
            For the industrialized world, GM crops can help reduce the need for intensive use
               of chemical fertilizers, pesticides, herbicides and fungicides.2809 Whereas most present GM crops have features such as pesticide resistance (which may
               be interesting for the farmer but hardly for the consumer), the coming decade will
               see far more useful products. In foods we will see more nutritious cereals, potatoes
               that absorb less fat in frying, reduced calorie sugar beets and oilseeds with more
               healthy reduced-saturates.2810 For non-food, we should see cotton and flax with improved fiber quality, better ingredients
               for personal hygiene and flowers with stronger color and longer vase life.2811

            
            Yet, for all its promise, there is a marked difference in the consumer perception
               of GMs in the EUand the US.2812 In the EU, 59 percent of the consumers view GM foods as risky and consistent majorities
               reject their usefulness and find them morally unacceptable and to be discouraged.2813 In the US, 60 percent are positive about food biotechnology, and in a survey of consumer
               food safety concerns, GM came in last, after biological contamination, pesticides,
               nutritional quality and artificial preservatives.2814The difference is often ascribed to the bad European experiences with food safety
               (e.g. BSE, bacterially contaminated meat and dioxin in poultry, pork, beef,chickens,
               eggs and Belgian chocolate).2815

            
            Moreover, both the EU and the US have seen eroding trust in GM foods over the past
               years.2816 This coincides with the global mobilization against GM foods that has been led by
               international NGOs such as Greenpeace and Friends of the Earth.2817

            
            Owing to the very dispersed and network-oriented opposition, there is no single source
               that will encapsulate all worries, yet the primary two concerns from Friends of the
               Earth,2818 have been at the center of the GM controversy and are replicated in many other lists.2819 These two issues are “health concerns” and “environmental concerns.”2820 The health concern is further related to GM foods possibly being both toxic and allergenic.2821

            
            These three concerns have each been backed primarily with a widely publicized story.
               We will look at each of these stories and see that all three seem to have been severely
               skewed.
            

            
            Health – toxic potatoes

            
            On August 10, 1998, Dr. Arpad Pusztai appeared on Granada’s TV show World in Action and declared that GM potatoes had stunted growth and suppressed immunity in rats
               that had eaten them for 110 days.2822 These findings, Pusztai said, raised grave questions about the safety of GM foods
               for humans, and personally, he would not eat GM foods.2823 Naturally, the statements made a splash. They immediately prompted members of the
               House of Commons to urge a moratorium or even a outright ban on GM foods.2824

            
            Dr. Pusztai was suspended from the Rowett Research Institute, which in an audit report
               concluded that “the existing data do not support any suggestion that [GM potatoes]
               … has an effect on growth, organ development or the immune function.”2825 This caused 20 independent scientists, shocked by the harsh treatment of Pusztai
               by the Rowett, to review the data and publish a memorandum, finding that the GM potatoes
               were different from the control potatoes and that the reduction in growth and immune
               function was real.2826The Royal Society in 1999 published its own review of the GM potato data, finding
               that the study was flawed and thus “the data reviewed provide no reliable or convincing
               evidence of adverse (or beneficial) effects.”2827

            
            Finally, Pusztai published his findings in The Lancet in 1999.2828 Now the data did not show changes in growth or immune system, but variable effects
               on different parts of the rat’sgastrointestinal tract, which could have been caused
               by the genetic modification. In the same issue of Lancet, three other researchers again found that the experiments were incomplete, and thus
               did not allow a conclusion on the risks of GM foods.2829

            
            The entire course of events naturally left the public wondering whether truth was
               being distorted by the government or the biotech industry2830 and with the story of Pusztai, NGOshave claimed that we have all “become involuntary
               guinea pigs in a vast genetic experiment.”2831

            
            It is important to point out what this study can actually say. Originally, Pusztai
               had used a potato line, genetically modified with a gene coding for lectin from the
               common snowdrop (Galanthus nivalis agglutinin or GNA). Such lectins are widely known
               to be toxic2832 – in fact, another lectin (ricin) was the poison used on an umbrella tip to kill
               Bulgarian dissident Georgi Markov in 1978.2833 Consequently, it is no surprise that potatoes expressing this lectin equally could
               cause damage to growth, organs and the immune system.2834 Even Pusztai acknowledges that the lectins cause primary damage.2835 As Iain Cubitt, chief executive of Axis Genetics in Oxford, pointed out, everyone
               know that lectins are toxic:2836 “so if you put this in a potato and it ends up toxic, why is that such a surprise?”2837 This quote is actually made the central argument of one of the co-authors of the
               memorandum.2838

            
            Thus, the potato is toxic, but that is due to the choice of a toxic gene, not the
               GM technology. However – and this was the new Pusztai argument – the experiments also
               revealed effects on the small intestine and caecum, that did not come from the GNA
               but only occurred with the GM potato.2839 Yes, the potato was toxic, but the genetic modification also could have caused other
               effects.2840 (Notice, these effects were not consistent, rather sometimes good, sometimes bad.)2841

            
            The code word here is could. The problem with the Pusztai experiment was that the GM and non-GM potato were so
               different – they even had very different contents of starch and protein.2842 Thus, what could be a difference between GM and non-GM could also just be a difference
               attributable to natural variations in potato lines.2843 Actually, since the GM potato had less protein, the rats had to be feed protein supplements,
               and this supplement could equally well explain the differences.2844 These problems were to a large part the reason why the Pusztai experiment got such
               statistical criticism.
            

            
            Naturally, making a new line of, say, potato, can result in unrecognized and unwanted
               characteristics. This has happened many times before in conventional breeding, whereas
               we have no knowledge of such occurrences with commercial GM crops.2845Moreover, the National Academy of Sciences intheir latest GM report notes that such
               bad crops would probably be more likely to come out of conventional breeding.2846

            
            Thus, the GM potato was not toxic, the subtle effects could probably have been produced by natural variation,
               and this variation might actually be a bigger problem for conventional breeding. But
               note, until the Pusztai experiment has been repeated many times, we cannot know for
               sure.
            

            
            Health – allergenic beans

            
            This is how the Organic Consumers Organization puts the worry over allergic beans:
               “In 1996 a major GE food disaster was narrowly averted when Nebraska researchers learned
               that a Brazil nut gene spliced into soybeans could induce potentially fatal allergies
               in people sensitive to Brazil nuts.”2847 Almost all those concerned about GM foods mention this story.2848 Friends of the Earth asks us: “will we know what is in our food and if we’re allergic
               to it?”2849

            
            However, the story is actually one of a fairly well-functioning food system. Back
               in the 1980s, a small biotech firm in California wanted to help combat third world
               malnutrition, focusing on the health problems of a diet predominantly based on beans.2850 While beans are generally nutritious, they lack the two crucial sulfur-containing
               amino acids, methionine and cysteine. On the other hand, nuts – and especially the
               Brazil nut – store a high concentration of these two amino acids.2851 Thus, the thinking was that if one took the gene for methionine and cysteine and
               spliced it into beans, this could at low or no cost eradicate their potential health
               problems. Yet before the actual GM bean was even made, the scientists themselves pointed
               out the folly of transferring a gene from a known allergenic source into a major food crop, and the project was stopped.
            

            
            Later, the work was revived by Pioneer Hi-Breed. This time the idea was not meant
               for humans but to improve soy-based animal feeds. Ordinarily, these feeds are supplemented
               with methionine (which can be converted to cysteine) to promote optimal growth, but
               naturally it would be cheaper to have the sulfur-containing amino acids built in.
               During this work, Pioneer themselves conducted allergenicity studies, since it had
               not previously been conclusively shown that the particular Brazil nut gene was responsible
               for the allergic response. When it turned out it was, Pioneer killed the project and
               – to their credit – published the results.2852

            
            Thus, it would seem that the brazil nut case was a demonstration of a food system
               that actually works. As is pointed out in a recent review in British Medical Journal: “The point that is usually not emphasized in coverage of this case is that the problem
               was identified because safety checks were, and continue to be, in place to identify
               the unintended introduction of an allergen into a genetically modified crop.”2853

            
            This, however, does not mean that there are no risks. First, we rely on the food producer
               to act responsibly, and test and if necessary withdraw the product – as we do with
               all other food production.2854 Second, whereas testing is mandatory when using a known allergen, there are currently
               no clear procedure for using foods that are rarely allergenic or non-food organisms
               with unknown allergenicity.2855

            
            These concerns are real, although about 90 percent of all US food allergies are caused
               by a few well-known substances, namely cow’s milk, eggs, fish and shellfish, tree
               nuts, wheat, and legumes, all of which are tested.2856 Moreover, the FDA states that new allergenic cases can happen from both GM and traditional
               breeding.2857 Indeed, it is ironic that the fear of allergenicity should be an argument against
               GM foods, when in reality the new technology offers a promising way to breed out this
               undesirable trait from plants which produce allergens naturally.2858

            
            Environment – GM foods killing butterflies

            
            Of the many environmental worries, by far the most referred has been the fear that
               GM foods wouldharm the ecosystem,2859 and especially the story that GM corn kills Monarch butterflies.2860

            
            The GM corn carries a gene to manufacture the so-called Bt toxin family, which comes
               from the soil bacterium Bacillus thuringiensis.2861 Because Bt toxins (about 130 in all)2862 are naturally occurring, biodegradable and harmless to humans and non-target groups,
               they are extensively used by organic farmers.2863 Actually, Rachel Carson specifically suggested that Bt sprays, along with biological
               control, would be the way forward for agriculture.2864

            
            One of the main pests for corn is the European corn borer, which in the US can infest
               24 Mha (75 percent) of the total area and cause a crop loss of up to 20 percent.2865 Large amounts of pesticide (around $20–30 million) are spent each year controlling
               the pest, but this is difficult since it spends much of its life-cycle inside the
               plant.2866 Bt is toxic to lepidopteran insects, of which the European corn borer is one.2867 Thus, it seemed an obvious idea to try to incorporate the gene for Bt toxin into
               corn, making it impervious to the corn borer, and indeed, the GM corn has been very
               successful, being the second largest GM crop in 2000.2868

            
            In 1999, researchers from Cornell University tried to assess the effect of the GM
               corn on the Monarch catarpillar.2869 Milkweed is the only food monarch caterpillars eat to survive. Since corn is pollinated
               by wind, its pollen often lands on milkweed growing by the cornfields.2870 So, the Cornell scientists dusted ordinary and Bt corn pollen onto milkweed leaves
               in amounts that roughly reproduced the appearance of leaves around cornfields and
               fed it to caterpillars in the lab.Almost half the caterpillars eating Bt-sprinkled
               milkweed died after 4 days of feeding, whereas all the caterpillars consuming milkweed
               with ordinary corn pollen lived.2871

            
            
            This set off the alarms. Though the Monarch is not an endangered species, it was pointed
               out that the half of all its caterpillars hatch in the US corn belt,2872 and although the caterpillars need not get far away from the corn to avoid the GM
               pollen, one entomologist explained: “if you’re a Monarch, odds are you’re going to
               be close to a cornfield.”2873 Time asked itself whether this new threat to the Monarch could “happen in cornfields across
               the Midwest?”2874 And Discovery claimed (incorrectly) that the Monarchs had been poisoned irreversibly.2875 A coalition of 60 environmental groups and organic farmers, with Greenpeace in front,
               even prepared to sue the EPA for failing to protect the Monarch by approving GM corn,2876 and in Europe, the Monarch story caused the European Commission to delay approval
               of a GM corn from Pioneer.2877

            
            Yet, it was not really surprising Monarchs died from Bt. Bt is a natural insecticide,
               toxic to lepidopteran insects, and yes, Monarchs are lepidopteran insects.2878 And the original Cornell University report specifically states, that “all of the
               mortality … seems to be due to the effects of the Bt toxin.”2879 Thus, the story is not about GM but about Bt. Unfortunately, the study was not repeated with ordinary corn
               pollen dusted on milkweed and spiked with organic Bt, but it is unlikely that this
               would not also have caused high mortality.2880 As with the Pusztai experiment, the GM feature was the hook of the story but unrelated
               to the main issue which was that natural toxins (lectin or Bt) are toxic. The question,
               of course, is whether a story about butterflies dying from the usage of organic Bt
               sprays would have made headlines.
            

            
            Moreover, as one of the caterpillar researchers points out, it is impossible to imagine
               that we can grow food and only affect the targeted pests: using pesticides would have
               non-target effects and indeed “plowing has non-target effects.”2881Nevertheless, it is of course important to look at the consequences of large-scale
               use of Bt toxins.
            

            
            EPA published in October 2000 its preliminary risks and benefits evaluation of Bt
               GM crops.2882 Summing up on extensive field testing, they found that the actual level of Bt encountered
               by the caterpillars ranged from “relatively low” to “very low,” and that there was
               very little time overlap between monarch breeding and pollen shedding.2883 In conclusion, the EPA found “a low probability for adverse effects of Bt corn on
               monarch larvae,” and that there is no reason to have “undue concern of widespread
               risks to monarch butterflies at this time.”2884

            
            In fact, in its conclusion EPA noted that since these GM crops need much less pesticide,
               some authors even predict “that the widespread cultivation of Bt Crops may have huge
               benefits for Monarch butterfly survival.”2885

            
            GM foods – disaster or blessing?

            
            GM foods have been claimed to be a potential disaster2886 or something we should outright love.2887 Why this wide gap in judgment? No doubt, part of the reason is caused by a lack of
               information.
            

            
            In the latest survey, Europeans were asked whether it was true or false that “ordinary
               tomatoes do not contain genes, while genetically modified tomatoes do.”2888 Half – correctly – said this was false, but the other half thought it true.2889 These people actually believe that the good-old food was gene-free, whereas the new
               GM foods shoves foreign genes down their throat. Moreover, only 42 percent knew that
               ingesting genes from GM foods would not modify their own genes.2890 And other surveys show that Americans know no better.2891 No wonder there is widespread worry over GMs.
            

            
            And yes, as we have seen, the most exploited scare stories of toxic potatoes, allergenic
               beans and dead Monarchs were based on myths.2892

            
            Nevertheless, there are also real problems to be considered. Our exposure of the myths
               showed us some of the problematic areas. We know by far the most important human allergens,
               but we do not know the consequence of using genes from non-food organisms.2893 We should make allergenicity tests for these, but since we do not know what we are looking for we can never be absolutely
               sure to find everything.
            

            
            There is also rightly a concern for antibiotic resistance.2894 Spliced genes have often conveniently been marked with genes coding for resistance
               to specific antibiotics.2895 This has led to concerns that the resistance gene might be transferred to human pathogens
               in the gut, which would make them impervious to useful antibiotics. It is important
               to avoid such a situation.
            

            
            Equally, there is anxiety that GM crops may spread their pesticide resistance to weeds.2896 Such superweeds would lessen the value of the pesticide and make pest control much
               harder. We know the problems of superweeds – from the Johnson grass choking crops
               in fields, to kudzu blanketing trees, to melaleuca trees invading the Everglades.2897

            
            These are concerns that should be addressed. Yet we also have to remember that while
               GM could potentially risk incorporating new allergens, the technique also holds the
               promise of removing many of the most common allergens and thus of significantly reducing
               the troubles of present-day sufferers.2898 While the early GM technology potentially could cause selective antibiotic resistance,
               this risk is “very small” compared to normal pathways of antibiotic resistance,2899 and new technologies are increasingly becoming available.2900 Finally, while pesticide resistant weeds would be a nuisance, many have pointed out
               that it is unlikely that such resistance could confer any advantage in a natural environment.2901 New research actually shows that when untended by people, GM crops tend to do worse
               than ordinary crops.2902 This indicates that the risks of superweeds may be smaller than otherwise thought.
            

            
            Moreover, we need to realize that traditionally bred varieties equally can turn out
               allergenic or toxic. 2903 A new, conventionally bred, insect-resistant celery was loved by the organic movement,
               but it turned out that people who handled the celery developed rashes after subsequent
               exposure to sunlight, due to very high levels of the carcinogenic and mutagenic psoralens.2904 Likewise, a new conventional potato, developed at the cost of millions of dollars,
               had to be withdrawn from the market because it was acutely toxic to humans when grown
               under particular soil conditions.2905

            
            Many crops have been given pesticide resistance through conventional breeding techniques,
               and the spread of resistance to pests could equally well originate from these crops.2906 Actually,most of our superweeds come not from advanced crops but alien plants (e.g.
               the above-mentioned kudzu or the Japanese knotweed, resistant to virtually all pesticides).2907

            
            The unifying theme is that the problems stem not from a particular technique (GM or
               conventional) but from particular products.2908 Rapeseed (GM or conventional) is by nature promiscuous and will attempt aggressively
               to infiltrate natural wildlife areas – thus, rapeseed with special features (achieved
               through GM or conventionally) should arguably only be grown in areas such as Australia,Argentina
               and Canada with huge open farmlands.2909 On the other hand, wheat is almost completely self-pollinating, and thus constitutes
               much less of a risk.2910

            
            This is why the British House of Lords in their recommendation tells us, “We need
               to look at the product, not the process.”2911 Likewise, this is why the US National Research Council in their overview state that
               “the potential hazards and risks associated with the organisms produced by conventional
               and transgenic [GM] methods fall into the same general categories.”2912

            
            This also ties in nicely with the other typical concern of collusion and potential
               monopoly on GM foods stemming from ever fewer life science corporations. The concern
               is not that companies could patent existing varieties (patent law requires innovation).
               Thus, farmers can easily go on sowing these varieties at their present cost. However,
               if biotech innovations are more productive (which makes them more profitable for the
               farmer), a near monopoly could reap almost the entire economic surplus from such improvement.
               This of course argues for a strong anti-trust regulation. But such issues are not related to GM technology but to the basic regulation of a well-functioning market
               economy, just as for example the case against Microsoft is not an argument against
               computers.
            

            
            Thus the basic argument, both from biology and economics is that the focus should
               be on making the best possible regulatory system. But we also need to realize that
               no system can provide absolute certainty.2913 Science cannot prove that something is not dangerous. Technology cannot provide absolutely risk-free products.
               The products we have today are not risk-free and neither will this be the case for
               the products of tomorrow.
            

            
            The difference is that we feel comfortable with the products of today whereas we mainly
               see the problems in tomorrow’s products. Yet, the promises of the new and improved
               products are also alluring. Which we choose depends on our averseness to risk and
               our historical experience in overcoming past problems.2914

            
            Thus, choosing sensibly in the GM debate requires us to see the risks but also compare
               them thoughtfully with all other risks. We need to know how we have handled past problems.
               We must be able to dispose of the many myths but also face the true challenges. It
               is only with this information that we can weigh the risks and the benefits in order
               to make the most informed decision.
            

            
            In this way, the GM debate truly is a replay of the Litany vs. facts, and in a certain way a replay of this book. Most of the risks are very
               low, and many are unrelated or only vaguely related to GM technology. As a human species
               we have not lived without creating problems but overall we have solved more, and more
               important, problems than we have created. Some of the absolutely central arguments
               against GM are based mainly on myths. Yet there are definitely real problems to be
               handled.
            

            
            Weighing the risks and the benefits it seems obvious that the substantive benefits
               GM foods can deliver both for the developed and the developing world far outweigh
               the manageable risks, which, however, suggest the need for a strong regulatory system.
            

            
         

         
         Caution when invoking the principle

         
         This book has shown that many of our deeply ingrained beliefs from the Litany are
            not supported by the facts. Conditions in the world are not getting worse and worse.
            As mentioned earlier, we have more leisure time, greater security and fewer accidents,
            better education, more amenities, higher incomes, fewer starving, more food, and healthier
            and longer lives. There is no ecological catastrophe looming around the corner to
            punish us.
         

         
         Consequently, we must stop giving our environmental thinking a Doomsday perspective.
            It is imperative for us to see the environment as an important – but only one important – part of the many challenges we must handle to create an even better world
            and the most progress for the rest of the century.
         

         
         Prioritization is absolutely essential if we are to achieve the best possible distribution
            of resources in society. The environment must participate in this social prioritization
            on equal terms with all other areas. Environmental initiatives must present sound
            arguments and be evaluated on the basis of their advantages and disadvantages, in
            precisely the same way as proposals to boost Medicaid, increase funding to the arts
            or cut taxes.
         

         
         However, this necessitates that the precautionary principle be strictly circumscribed.
            This principle has become enshrined in many different international treaties, as in
            the 1992 Rio Declaration, where it is pointed out: “Where there are threats of serious
            or irreversible damage, lack of full scientific certainty shall not be used as a reason
            for postponing cost-effective measures to prevent environmental degradation.”2915

         
         
         In this formulation, the principle merely informs us that since we can never prove
            anything absolutely, scientific uncertainty ought not to be used merely as a political
            strategy to avoid environmental action. The most obvious example is global warming,
            where the mere fact of scientific uncertainty is not in itself an argument against
            (or for that matter, for) action. Rather, as we discussed in the chapter on global
            warming, we need to look at the level of uncertainty, the direction of that uncertainty,
            and then particularly at the likely costs and benefits of different levels of action.
         

         
         However, this understanding of the precautionary principle is very Anglo-Saxon, whereas
            a much more radical interpretation comes from the German version (the so-called Vorsorgeprinzip), the more common interpretation on the Continent.2916 This principle in essence suggests building “a margin of safety into all decision
            making.”2917 In the Danish interpretation it becomes “giving nature and the environment the benefit
            of the doubt.”2918

         
         But this is a rather problematic argument. In essence it argues “better safe than
            sorry,” which of course sounds eminently agreeable. However, such an approach ignores
            the fundamental insight from theHarvard study, namely that if we try to become more
            safe in some areas, we spend resources that cannot be used doing good in other areas.
            Thus, saving extra lives at great cost – just to be sure – quite possibly means forgoing
            the chance to save many more lives more cheaply in other areas.
         

         
         Often it is pointed out that the challenges in the environmental area are special
            compared to other areas on a number of points.2919 Some environmental decisions are hard to change – when we have once paved over a
            bog or plowed the moor, it is expensive to reverse (and sometimes, as with species
            die-off, impossible). Some environmental decisions have consequences that reach far
            into the future – nuclear power plants leave waste products that will remain radioactive
            for millennia, affecting the decisions of many future generations. Some environmental
            processes have momentous effects – as we saw earlier, global warming will have many
            and diverse effects, costing 1–9 percent of GDP.
         

         
         All of these points are relevant and need to be included in the social prioritization
            among the many different proposals. But none of these points is in fact particular to the environment. Most of our more significant political decisions are hard or impossible to reverse.
            Moral and political decisions such as the abolition of slavery in the US, the adoption
            of human rights in France, the legalization of abortion throughout most of the Western
            world in the 1970s, the stages in the construction of the European Union, are all
            examples of decisions which would be exceedingly difficult or even impossible to reverse.
            Equally significant, if smaller in impact, decisions on the placement of airports,
            bridges and other large infrastructure investments are examples of almost irreversible
            initiatives, as are zoning decisions, placements of schools, roads, parks, etc.
         

         
         Moreover, many of these decisions have important impacts that stretch far into the
            future. All such information needs, of course, to be included in our final prioritization,
            but the decision needs to be taken on the basis of this information and not by reference
            to yet another principle of precaution.
         

         
         Two further differences are often pointed out. First, the precautionary principle
            should emphasizeour concern for the future and our unwillingness to hazard the future
            of our children. Essentially this argument says that we are unwilling to gamble that
            new products or inventions will improve life, if there is an even much smaller chance
            that it will harm life – in other words, that we are risk averse. Again, this sounds
            eminently congenial, but this risk averseness cannot only be applied to environmental
            problems. Of course, introducing a new chemical with high promises for the future
            may nevertheless have a small probability of causing more bad than good.2920 But equally, so may any other invention – maybe the development of, say, the computer
            and the internet will end up making personal contacts superfluous?2921 It is not likely, but it is conceivable. So if weare risk averse in the one case,
            then we need also to be so in all other cases. (See also the box on GM foods.)
         

         
         Second, it is pointed out how the precautionary principle is especially relevant when
            science is unable to give us sufficient information on the consequences of our actions.
            But again, this uncertainty is in no way unique to the environmental area. We have
            very sparse information as to the social consequences of using computers and the internet;
            international relations theory gives us little firm knowledge of the consequences
            of various foreign policies; we know little of the economic consequences of the Euro
            or NAFTA, etc. Actually, it is hard to imagine any policy area of significant import
            where the full consequences are known with any reasonable degree of scientific certainty.
         

         
         Thus, any significant prioritization in our society is evaluated against a background
            of uncert ainknowledge and our propensity to be risk averse, and with the realization
            that the decision will be hard to reverse, and have momentous consequences, both for
            many people and far into the future. This still makes the environmental proposals
            just one example among many.
         

         
         That the environmental area has been able to monopolize the precautionary principle
            is in essence due to the Litany and our fear of doomsday. Of course, if large-scale
            ecological catastrophes were looming on the horizon we might be more inclined to afford
            the extra margin of safety just for the environment. But as is documented in this
            book, such a general conception is built on a myth.
         

         
         The whole point of prioritization is to use our resources as well as possible, on
            the basis of all the information available. For this reason, the precautionary principle
            should not be used to tip thes cales a bit more in favor of the environment, because
            the distribution would by definition no longer be the best possible.2922 In this way, the precautionary principle is actually all about making worse decisions than we need to.2923

         
         And if we want to back off from making prioritizations all together, because it seems
            “narrow minded” or “cold,”2924 this still does not prevent a distribution of resources from taking place; only now
            it is no longer considered and well-argued, but random and irrational.2925 Avoiding prioritization simply means that we abandon the opportunity of doing the
            best we can. A lack of prioritization, backed by however many good intentions, can
            in the final analysis result in the statistical murder of thousands of people.
         

         
         Continued progress

         
         If we do not make considered, rational decisions but base our resolution on the Litany,
            that typical feeling that the world is in decline, we will make poor and counterproductive
            choices. In Peru, the authorities refrained from chlorinating the drinking water because
            they were afraid of the risk of cancer.2926 Today, it is considered to have been one of the main reasons for the cholera epidemic
            that broke out again with such vehemence in 1991.2927 Had they known how low the risk of using chlorine actually was, the epidemic probably
            never would have occurred.
         

         
         In 1967 Paul Ehrlich predicted that the world was headed for massive starvation. In
            order to limit the extent of this, he believed – reasonably enough given his point
            of view – that aid should only begiven to those countries that would have a chance
            to make it through. According to Ehrlich, India wasnot among them. We must “announce
            that we will no longer send emergency aid to countries such as India where sober analysis
            shows a hopeless imbalance between food production and population … Our inadequate
            aid ought to be reserved for those which can survive.”2928 Ehrlich was basically saying that India should be left to paddle its own canoe. India,
            however, has today lived through agreen revolution. In 1967, when Ehrlich wrote those words, the average Indian consumed
            1,875 calories a day. Even though the population had almost doubled, in 1998 the average
            Indian got 2,466 calories a day.2929 Had we paid more notice to Ehrlich and less to Borlaug and the incredible willpower
            and inspiration that surrounded the green revolution, things might have looked quite
            worse.
         

         
         As far as the Western world is concerned, I hope that this book can lead to an appreciable
            change in attitude to environmental problems. We can forget about our fear of imminent breakdown. We
            can see that the world is basically headed in the right direction and that we can
            help to steer this development process by focusing on and insisting on reasonable
            prioritization.
         

         
         When we fear for our environment, we seem easily to fall victim to a short-term feel
            good solution which spends money on relatively trifling issues and thus holds back
            resources from far more important ones. We need to be rational and make well-considered
            decisions in our use of resources when it comes to the aquatic environment, pesticides
            and global warming. This does not mean that rational environmental management and
            environmental investment is not often a good idea – only that we should compare the
            costs and benefits of such investments to similar investments in all the other important
            areas of human endeavor.
         

         
         On the whole I believe it is important to emphasize that being overly optimistic is
            not without costs, but that being too pessimistic also carries a hefty price tag. If we do not believe in the future we will become more apathetic, indifferent and
            scared – hiding within ourselves. And even if we choose to fight for the planet it
            will very probably be as part of a project that is born not of reasonable analysis
            but of increasing fear.
         

         
         Of course we cannot simply choose to believe in the future. But the documentation and the arguments in this book can
            have a considerable effect because they can free us of our unproductive worries. They
            can give us new faith in the fact that we are involved in creating a better world
            by taking part in society’s production of assets, tangible as well as intangible.
         

         
         We encounter the same considerations when it is often pointed out that things have
            only gone as well as they have because we have worried. No, things have gone so well
            because we have worked hard to improve our situation. In some circumstances this has
            happened almost automatically, as in the continued growth of economic wealth. We have
            become richer and richer primarily because of our fundamental organization in a market
            economy and not because we have worried. Some of the most significant recent progress
            in the area of pollution has been achieved through regulation, but the regulation
            has been right to the extent that it represented a reasonable prioritization and not
            because it was founded on a general worry.
         

         
         More food is available in the world not because we have worried but because visionary
            individuals and organizations created a Green Revolution. It is not because we have
            worried that we have more leisure time, greater safety, higher incomes and better
            education, but because we have tackled the problems.
         

         
         We must take care of the problems, prioritize reasonably, but not worry unduly.

         
         We are actually leaving the world a better place than when we got it and this is the
            really fantastic point about the real state of the world: that mankind’s lot has vastly
            improved in every significant measurable field and that it is likely to continue to
            do so.
         

         
         Think about it. When would you prefer to have been born? Many people are still stuck
            with the Litany and have a mental image of children growing up with a shortage of
            food and water, and with pollution, acid rain and global warming.2930 But the image is a mixture of our own prejudices and a lack of analysis.
         

         
         Thus, this is the very message of the book: children born today – in both the industrialized world and developing countries –
            will live longer and be healthier, they will get more food, a better education, a
            higher standard of living, more leisure time and far more possibilities – without
            the global environment being destroyed.
         

         
         And that is a beautiful world.
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         tropospheric aerosol effect, 268
 
         
         TSP (Total Suspended Particles), 168, 388
 
         
         tuberculosis, 22–3, 55–6, 187, 217, 331
 
         
         tungsten, 137
 
         
         Tunisia, 152
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         Union of Concerned Scientists, 132
 
         
         United Arab Emirates, 152
 
         
         United Kingdom, 11, 29, 38, 48, 51, 53, 56–7, 62, 68, 70, 75, 80, 82, 86, 126, 152, 155, 166, 168–75,185–6, 187, 192, 194–5, 204–5, 208, 219, 221, 241, 243, 282, 288, 291, 355, 358, 361–2, 365, 370, 379, 385–90, 392–3, 397–8, 419, 433; see also Britain and England
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