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I have helped compile this book for one simple reason: to share with you the wealth of knowledge that geographic science provides society. It is my hope that by reading this book, you will discover the benefits of spatial thinking and reasoning.

How will this book help you make these discoveries?

First, the following pages will introduce you to the wonderful world of scientific geography—covering many of the diverse concepts and solutions that geography as a discipline brings to the table to help solve local and global problems.

Second, once you understand how geographers look at the world, you will be able to apply spatial thinking and problem solving in everyday life. I want you to take the geographic concepts covered in this book and apply them to your own understanding of real-world problems, conflicts, and spatial conundrums.

This is an ambitious endeavor; hence, the first part of this book is a compendium of bite-sized essays broken down by theme. Written by renowned scholars in their respective subfields, as well as professional geographers, the essays are designed to be read in order for a cumulative, thorough understanding of geography as a discipline. However, because they are modular, you can return to these chapters, later, to quickly dive into particular topics.

We start with an overview of maps and how they work. Maps are the main tool by which geographers visualize and explain the spatial phenomena they see. Moreover, we show that maps are anything but neutral.

We then discuss the concept of regional geography—breaking the world down into major cultural regions. Though we are experiencing an era of rapid globalization, regional identity and differences still play a central role in cultural conflict—everywhere.

Next, we take a look at physical geography. It is crucial to understand the natural processes of the planet, not only to avoid the dangers of tectonic shifts, but also to understand how everything from climate change (which is very real!) to invasive species in U.S. waterways play a role in the biodiversity upon which humanity depends.

Human geography covers topics that you might find in classes on political science, sociology, economics, and history. The amazing thing about human geography is that it unites these disparate topics by using spatial reasoning.

We move on to environmental geography to demonstrate just how devastating human activity is to the physical environment. Deforestation, urban sprawl, natural disasters, and our insatiable thirst for water are reviewed.

The first part of the book concludes with some case studies of how geographers are solving many of the predicaments addressed throughout the book. Among others, several studies cover how cities can be made sustainable, how China is shifting toward renewable energy, and how Africa is defending its forests from deforestation.

The second part of the book is a quick-reference A–Z encyclopedia, allowing you to dive deeper into 101 terms, themes, and concepts mentioned in the first part of the book. Everything from acid rain and agribusiness to plate tectonics and syncretism will allow you to further explore issues, ideas, people, and tools that professional and academic geographers work with every day.

I’m very excited about this book! I hope it jumpstarts your interest as a future armchair or professional geographer. Regardless, the knowledge it provides on spatial thinking should serve you well in understanding our complex world for the rest of your life.

Ian Muehlenhaus
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Although earlier civilizations took note of the world around them and their place in it, the Greeks are credited with the first systemized study of what today is called geography. They studied, theorized, and argued over what the world looked like: Was it cylindrical or spherical? Did it consist mostly of land or mostly of sea? What were Earth’s climate zones, and what was its circumference?

The poet Homer, known as the “father of geography” to the Greeks, wrote about the journey of the hero Odysseus in The Odyssey, which was based on lands, peoples, and myths known around the eighth century BCE. For hundreds of years after, geographic writing was a mixture of explorers’ tales and mythical story. As exploration, trade, and colonization increased, however, so did geographic knowledge and fact began to edge out myth in geographic writing. In the sixth and fifth centuries BCE, Herodotus, Hecataeus, and Hellanicus made early attempts at accurate observation based on their own travels and the travels of traders and sailors.

In addition to writing, the Greeks searched for answers to the shape and size of the world. Greek philosopher Anaximander lived during the sixth century BCE, in Miletus in present-day Turkey, then considered the center of geographic thought and mapmaking. He created one of the first maps of the inhabited world and suggested the Earth had a cylindrical shape. Two centuries later, however, Aristotle proved the earth’s shape to be spherical by observing the shadow of the Earth on the moon during lunar eclipses. Eratosthenes, head librarian at Alexandria around the third century BCE, calculated the earth’s circumference to a 0.5% accuracy. He also created one of the earliest known world maps showing five climatic regions and made the first recorded use of the word “geography”—in Greek, geo means “earth” and graphy means “to write.”

During the rise of the Roman Empire, administrative and military leaders used Greek geographical knowledge to guide military campaigns and expand their territory. The campaigns, in turn, contributed to the growth of that knowledge. Ptolemy, a Greek astronomer, geographer, and mathematician, lived in Roman-controlled Egypt during the second century. Besides establishing the cardinal directions, Ptolemy produced the eight-volume Geographica using information from traders and sailors who had traveled the Roman Empire. In Geographica, Ptolemy used the grid system of latitude and longitude to enable users to calculate location of a place on a map using only coordinates, meaning that Ptolemy’s maps—or anyone’s—could be re-created if the cartographer retained only coordinates.


 




To learn more about the history and practice of geography, please see these entries in Part II of Geography Today:

        •     Eratosthenes

        •     Ibn Battuta

        •     Idrisi, Mohammed al-

        •     Mercator, Gerardus

        •     Ptolemy, Claudius

        •     Von Humboldt, Alexander

        •     Zheng He




 



After the fall of the Roman Empire, geography as a study stagnated for a few centuries, as did most exploration and trade. Muslim exploration and expansion reignited the study. In the 12th century, Muslim geographer al-Sharif al-Idrisi created a silver globe for King Roger II of Sicily at the king’s request. Seven continents, trade routes, lakes, rivers, major cities, plains, and mountains were depicted on the globe. A geography text accompanied the globe, and it combined earlier knowledge with al-Idrisi’s own. Later, European explorer Christopher Columbus would use one of al-Idrisi’s maps in his exploration. In the 14th century, Ibn Battuta, an explorer from Morocco, wrote Rihlah (or Travels) based on a 30-year journey that spanned 75,000 miles. Ibn Battuta visited the lands of every Muslim ruler of the time, which included North Africa, Mesopotamia, southern Europe, China, present-day Sri Lanka, Byzantium, and southern Russia.

China, too, has a long history of geographic thought. For centuries they had been using a grid system to locate places on maps (a different system than Ptolemy’s, created by Phei Hsui, or Fei Xiu, a third-century Chinese cartographer). The Chinese invented the magnetic navigational compass in the 11th century, used 400 years later by Zheng He, Muslim commander of the Chinese Armada. Zheng He led several voyages between 1405 and 1433 that spanned southern Asia and the eastern coast of Africa. He shuttled diplomats to and from China, as well as trade items and gifts of food, animals, and other products from the newly discovered lands. The voyages themselves, the diplomats, and even the gifts contributed greatly to the spread of geographic knowledge, both physical and cultural, between the Western and Eastern worlds.

In Europe, geography experienced a resurgence beginning in the 15th century with the translation of Ptolemy’s Geographica into Latin. European nation-states funded geographic expeditions, such as those of Christopher Columbus, Ferdinand Magellan, and Sir Martin Frobisher, hoping to find new resources and new trade routes to exploit. Explorers used Ptolemy’s knowledge, made corrections, and built on the existing information. At the same time, cartography was undergoing a renaissance. Gerardus Mercator, first to use the term “atlas,” endeavored to create the most accurate maps with the most up-to-date information. Mercator created a new method of drawing a map (called the “Mercator Projection”) by which lines of latitude and longitude were rendered straight and evenly spaced, in order to give an accurate ratio between the two. Globes, which depicted Earth closer to its true three-dimensional form, were also coming into use during the Renaissance.

By the 17th century, continents on world globes and maps looked very close to what we see today. In 1650, Bernhardus Varenius published Geographia Generalis. In his book, Varenius defined geography as a science and subdivided the study of geography between systematic and regional studies. For a time, the book became the standard, and was reissued in many versions, some edited by Isaac Newton. Nearly 200 years later in 1844, another German geographer, Alexander von Humboldt published Kosmos in which he used many sciences such as botany, climatology, and oceanography, to describe the physical geography of the Earth. Carl Ritter, a contemporary of Humboldt’s, searched for a system of comparison across regions and studied the relationship between humans and the environment. By the end of the 19th century, geographers were beginning to not only make observations but also look at processes, such as cause, effect, and consequences of environmental change. In Man and Nature; or, Physical Geography as Modified by Human Action, George Perkins Marsh warned of the consequences of deforestation.

GEOGRAPHY TODAY

In the early 20th century, geographers began to apply their skills to practical problems such as facilitating territorial disputes; classifying land use to aid in establishing public policy and guiding land management; studying regions for wartime intelligence agencies; and performing market research for retailers. By the mid-20th century, geography had evolved into a science. Geographers had adopted a quantitative methodology and were investigating and analyzing processes and applying their knowledge to solve problems, rather than merely describing spaces. Specialization, whether by region or type of geographical study (political, historical, physical, etc.), became prominent. The increase in environmental issues due to urbanization, climate change, pollution, and resource depletion led geographers to increasingly study human impact on the environment beginning in the 1970s. The computer age aided the development of quantitative methodology, and new technologies such as geographic information systems (GIS) and remote sensing were implemented to study the earth and its natural and human-caused patterns from space. These technologies can record urban sprawl, the loss of forests, changes to farmland, glacier melt, as well as record surface temperatures and measure rates of evapotranspiration to aid in water management. Geographers today are using this technology to mitigate and reverse these patterns of human impact as well as to educate in order to prevent future negative impact to the environment and our planet.

Twenty-first century geography is the study not only of the characteristics of the earth’s surface and the forces that shape it but also of its human dimensions—the relationship between people and their physical environment and the economic, cultural, and political connections between people in regions throughout the world. Good geographic thinking involves a nuanced understanding of location and scale, the recognition of movement and patterns, and a strong ability to interpret and analyze various types of maps and geographic imagery.

Geographic thinking is an essential skill that benefits people in all walks of life. A responsible voter should understand the geographic consequences of building a large dam before casting a ballot to support (or stop) such an endeavor. Medical researchers need to understand the environments where diseases threaten human and animal populations in order to suggest appropriate preventive measures and develop medicines. Vacationers want to know the climate, terrain, cultural traditions, and exact location of the places they plan to visit.

Geography is both an earth science and a social science. A geographer should be able to explain not merely where the Rocky Mountains are, why they are there, and how they were formed but also how they affected early human migration and settlement patterns, how they affect the people who live nearby today, and how the people who live near or visit the mountains are changing them.

As an integrated discipline, geography covers a broad spectrum of topics:



•      Mapping and technology are what geographers use to show spatial information in graphic form. There are many different ways to represent information graphically, including many different kinds of maps, globes, and even photography. When discussing spatial aspects of geography, a geographer is interested in both its relative location—how many miles from a border or nearby town—and its absolute location—its precise longitude and latitude.

•      Regional geography involves the study of both physical and human geography in a particular part of the world. A region may be an entire continent, a group of countries sharing common characteristics, or a small township.

•      Physical geography deals with such features of the earth’s surface as hills, streams, plains, mountains, forests, volcanoes, oceans, and seas. Other topics physical geographers might study include climate patterns and spatial variations in the environment.

•      Human geography looks at processes and patterns across the human landscape of Earth. It is a vast field that includes numerous subfields of specialization, including cultural geography, economic geography, historical geography, political geography, population geography, and settlement geography.

•      Environmental geography is the study of humans’ relationship with the earth—how humans affect the environment and how the environment affects humans. The relationship is interdependent and encompasses such issues as climate change, natural disasters, and resource management.

The goal of learning geography is to understand the planet, how humans live on it, how they affect their environment, and how their environment affects them. Geographic understanding prepares people to identify and analyze important local and global issues and enables them to make intelligent choices when planning for the future.

Julie Dunbar
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OVERVIEW

Mapping is a form of communication that uses graphics to present spatial information about our world. Mapping is as important a tool to geographers as writing is to journalists or speaking is to politicians. It is through maps that geographers explain their knowledge to one another and the public.

Originally, maps were carved into—or even stained onto—rocks. Maps have been found from thousands of years ago, mapping everything from village layouts to religious sites. Though quite primitive technologically, these Stone Age maps are some of the most robust. They have a lifespan that far outlasts maps made with paper. Stones are not very mobile, however, and eventually mapmakers began designing maps on animal hides. These maps were far easier to move around and were also quite durable. With the mass production of paper, maps became not only easier to use but also much cheaper to produce. The dawn of the industrial era and mass production allowed maps to become even cheaper to produce and disseminate to the masses. Finally, today, we are seeing another massive technological shift, as maps have largely made the jump from paper to digital and interactive technologies (e.g., Google and Bing Maps).

Beyond how maps are produced, technology has played a role in what can be mapped. Before the late 1700s, the variety of maps was limited, because no one had the ability to collect reliable information about where people, animals, and other things that move were. It was not until the development of national censuses that information such as population densities could be visually communicated. Until the 1950s, we did not have the ability to see large parts of the earth from above. Not until the invention of reconnaissance planes and rockets could we collect useful amounts of information from above and map real-time relationships occurring across large parts of the earth.

MENTAL MAPS

Here is a simple question: How did you get to the room where you are reading this today? Did you use a printed map, a list of directions, or did you just know where you were going? If you knew where you were going, did you have to think about every turn and doorway you went through, or were you able to do other things—like chat with friends, think about your homework, text your friends—as your body just moved to its final destination? If the latter, congratulations: you successfully made use of a mental map!


 




To learn more about mapping and geographic technology, please see these entries in Part II of Geography Today:

        •     Cartograms

        •     Cartography

        •     Community-Based Mapping

        •     Equator

        •     Geographic Information System (GIS)

        •     Global Positioning System (GPS)

        •     Google Maps

        •     Idrisi, Mohammed al-

        •     International Date Line

        •     Latitude and Longitude

        •     Map Projections

        •     Mercator, Gerardus

        •     Prime Meridian

        •     Ptolemy, Claudius

        •     Relative Location and Absolution Location

        •     Remote Sensing

        •     Site and Situation




 



Mental maps are conceptual visualizations that we store in our minds to navigate and make sense of the world around us. They are used to help us navigate to places without needing to spend time thinking about it. They can also be used to help us analyze spatial relationships among different objects quickly. Everyone makes use of mental maps on a daily basis. Without them, we would not be able to navigate familiar spaces without a printed map or be able to visualize current events occurring around the world. In fact, our spatial perceptions of local, regional, national, and international places are almost entirely composed of mental maps.

Our mental maps are constantly being updated via two types of information collection: survey and image information. Survey information is acquired via movement and exploration through an environment. Survey information is used to create mental maps for navigation and everyday activities, such as finding a spoon in the kitchen for a bowl of cereal. The reason you can find your way to the bathroom in the middle of the night even though it is pitch black is that your brain has processed how to get there so many times that your mental map is nearly perfect. Unfortunately, if a sibling leaves shoes in the hallway, you are likely to accidentally trip. Your mental map does not account for new and unforeseen hurdles.

[image: image]

A high school freshman’s mental map of the world. Mental maps are visualizations in the mind’s eye of locations in relation to each other. They help a person navigate the world around them. Mental maps can be global, like this one, or local, like the route to a grocery store. (Katherine Tutt)

Image information is information collected by looking at images, maps, movies, or reading. When we read about places and where they are or look at visual representations of them, we subconsciously create new mental maps for them or add to existing ones. For example, someone who grew up in the United States during the Cold War (1946–1989) will likely have a very large mental image of the former Soviet Union. During this era, schools in the United States presented the Soviet Union using the Mercator projection, making it look far bigger than it really was. The strongest mental map associations are made when survey and image information are combined. Your knowledge of your hometown may be quite good due to your navigation through it. However, it will be even better when coupled with a review of a detailed map. By viewing a print or digital map, you can add knowledge to your mental map about places you have never been.

There are many types of mental maps. In general, however, they can be categorized based on the areas they deal with: local or global. Local mental maps are largely based off of survey information. For example, when you are going home from your friend’s house, you do not need to read the addresses on each mailbox along your street to figure out which house is yours; most of us can ignore the street signs as well. If you have walked down your street regularly enough, you probably have an instinct about how far down the block your house is. You have a mental map and certain landmarks, like a large oak tree on the corner, to tip you off as to where you need to turn and where you are going.

Mental maps of the larger world around us are a little bit different. Our mental maps of the world are entirely created from knowledge acquired secondhand. Most people born in the United States, for example, have a very limited mental map of Saharan Africa (e.g., Mauritania, Mali, Chad, Sudan, southern Algeria). A mental map of Saharan Africa will be based off of exposure to representations of the region on maps, in the news, in movies, and in books you have read. Few U.S. citizens have ever traveled to the Sahara, so one’s mental map of the region certainly will not be based off of survey experience.

Mental maps are always biased and inaccurate. When formed via survey information, personal feelings and emotions will come into play. Perhaps you have a negative perception of a street or neighborhood because it is not as well lit at night, so you avoid going there. When created with image data, mental maps are dependent upon information that others feed our brains. If you watch one television channel regularly, you may have a very different mental conception of a certain part of the world versus if you watched another channel. If you watch Fox News, you will get a very different impression of the world than if you watch Al-Jazeera News. You will also be exposed to different map representations that may shape your idea of the world and its relationships differently.

WAYS TO SHOW DATA

Every science has terminology and standards that are agreed upon so that researchers can communicate with one another clearly. Geography is no different. Geographers use different terminology and representative methods to communicate with one another and the public.

Location is one term that lies at the center of all geographic inquiry. There are two types of location that can be discussed: relative and absolute. Relative location is exactly that; it is not a precise method of locating objects but rather a comparison. For example, one might say that “Baltimore is close to Washington, D.C.” This relative evaluation of location is true from a national scale. However, compared to McLean, Virginia, Baltimore is located quite far away from Washington, D.C. Humans prefer to use relative location in everyday speech. For example, if you asked someone where she lives, you would be shocked if she responded, “I live 1,557 feet northeast of the Eagle View Mall.” Instead, you would expect her to say, “I live a little bit north of the Eagle View Mall.” Humans think in relative terms.

However, relative location is not always good enough. When it comes to construction and property rights, something more concrete than “pretty close to the street” is desirable. Absolute location is the quantitative, or mathematical, determination of location on the earth’s surface. This is typically done using latitude and longitude. The earth is divided into four hemispheres along the equator and the prime meridian. Using angled degrees from the center of the earth, one can find exact locations on the surface of the earth by expressing the location in degrees of latitude and longitude. For example, one could say that Kisangani is in the northern part of the Democratic Republic of Congo—this would be a relative location. However, more specifically, Kisangani is at 26 degrees east and 2 degrees north.

Another aspect of any location is its site and its situation. Site refers to the environment of a location—things like climate, access to water for drinking and transportation, topography, and more. All locations, however, are also situated—they have situation. Situations refer to how entwined a location is with its surroundings. Different locations have different situations. Some locations are more accessible than others. Some locations are rich with resources, whereas others, like Monaco, are not.

Though we can use absolute coordinate systems like latitude and longitude to locate objects on the earth’s surface quite accurately, representing the earth in an accurate manner remains a complex task. There are two ways to do it: via a three-dimensional globe or two-dimensional map. Globes are the most accurate representation of Earth that we have; they minimize the distortion of places by replicating the earth in three dimensions. Unfortunately, they often lack detail and are very cumbersome to carry around. Fortunately, digital globes like Google Earth have made these more portable.

MAPS AND GLOBES

Maps are far more compact and usable than globes, as they are two-dimensional and can be placed in a pocket or glove compartment. On the other hand, every map greatly distorts the surface of the earth; there are no maps that are completely accurate! The process of taking the three-dimensional, spherical earth and representing it on a flat, two-dimensional surface is called “projecting.” One cannot take the three-dimensional earth and project it without distorting shapes, sizes, distances, and/or angles.

There are infinite projections that can be used to show the earth. The most ubiquitous projection is the Mercator, named after Gerard Mercator, a famous Dutch cartographer. This is the projection used by most web-mapping software—Google Maps, Bing, MapQuest, and so forth. The projection distorts the area of landmasses but preserves their shapes. For example, if you visit Google Maps, it will appear that Greenland is nearly the size of Africa. In reality, Africa is 18 times larger than Greenland! However, both Greenland and Africa will be the same shape as they are on the globe.

Different projections distort different things. Cartographers choose which projection to use based on what they want to preserve. Thus, when mapping the polar regions, they are likely to use a projection designed to make the poles look like they would from space. Some projections do not preserve anything—they distort shape, size, distance, and angle. However, they distort each minimally, so they look more accurate. The Robinson projection does this, for example. These “compromise” projections are often preferred because they look a lot like Earth does on the globe.

Though there are no perfect maps, maps are becoming more detailed. Via surveying techniques, boundaries can be drawn using absolute coordinates to get property lines and building plans just right. Remotely sensed data is used to visualize the Earth with accuracy down to millimeters. Global positioning systems (GPSs) allow us to retrieve absolute locations and routes right from our phones, which are then easily and readily mapped.

[image: image]

The Mercator projection, named after Gerard Mercator, a famous Dutch cartographer, is the projection used by most web mapping software. The projection distorts the area of landmasses but preserves their shapes. Distortion occurs at the farthest points from the equator. For example, on this Mercator map, Greenland and Africa appear to be approximately the same size. In reality, Africa is 18 times larger than Greenland. (ABC-CLIO)

[image: image]

The Robinson projection distorts shape, size, distance, and angle. This “compromise” projection doesn’t eliminate distortion, but keeps the amount of distortion low across most of the map. The size and shape of landmasses are most accurate in the temperate zone between 38 degrees north and 38 degrees south. (ABC-CLIO)

Creating maps is only one part of visual communication, however. Reading maps is the other side of the same coin. Map literacy is a learned skill, much like reading literacy. Maps have different components that one needs to know how to interpret to make sense of a map. These map elements include things like titles, orientations (which direction is at the top), latitude and longitude lines, legends, and, of course, the symbols on the map itself. Each of these map elements must be designed carefully so that people know how to interpret and read what is being shown. Reading this information carefully, including the date of the map’s production and who designed the map, will also give the map reader a better sense of how accurate and reliable a map is.

Maps are as innumerable as geographies. If something occurs in space, it can be mapped! Reference maps are generally used to map locations. Reference maps include everything from a highway map showing you different places to stop for lunch to political wall maps showing where all of the countries in the world are. Some reference maps, called topographic maps, show the physical geography of different places, as well. These are particularly useful for hiking. Finally, thematic maps are used to show data. These abstract representations visualize complex numbers that would otherwise only be shown in tables. For example, a map showing the population distribution of the United States would be a thematic map. You would not use it to figure out where things are located but rather to interpret information visually.

MODERN GEOTECHNOLOGIES: GPS, GIS, AND REMOTE SENSING

Maps and mapmaking have always been dependent upon geotechnologies. Since the beginning of time, humans have been harnessing technology to help us better understand, analyze, and control our environment. Though cartography and mapmaking are typically thought of as a mixture of art and science, a map is really only as good as the data and information used to create it. The data and information that can be mapped are limited by the technologies available at the time.

Modern mapmaking has been propelled by the creation of high-tech tools. These tools are typically used to collect and analyze ever more accurate and detailed spatial data. For example, global positioning system (GPS) technologies were invented by the United States Department of Defense and made public in the 1990s. NavStar GPS, as the U.S.-based system is called, consists of 24 satellites in orbit around the earth that use radio waves and a relatively simple geometric process called trilateration to determine location very accurately on the Earth’s surface. Since being opened to civilian use in 1983, GPS has become one of the most important technologies in the global economy. It is used to track ships, planes, cars, packages, household pets, and anyone with a cell phone. GPS is increasingly being used by corporations such as social network sites and retailers to track people’s constant movements so that they can better advertise and predict consumers’ buying behavior.

Technology has not only increased our ability to locate ourselves in the world, it has also enhanced our mapmaking capabilities. Geographic information systems (GISs) are desktop and web-based programs that combine the power of database management with visualization and mapmaking tools. This combination is extremely powerful. Now, one can conduct extremely difficult data analysis and then map the information with a single piece of software. This makes it easier to find patterns and distributions, or to correlate different types of data with one another spatially. For example, a GIS was used to highlight the fact that people living less than one mile from an interstate have far higher asthma rates than those living more than a mile away. Businesses and the government harness the power of GISs to plan store locations, plan shipping logistics, and map where customers come from; your home is mapped, and what you buy is placed into a database connected to your address every time you provide a clerk at a store with your phone number.

GISs are only as good as the data that goes into them, however. Though collecting information about humans has become increasingly easy via cell phone and Facebook data, mapping the physical processes of the earth is a different matter. Before the rise of remote sensing, almost all map data had to be collected in person via surveying. Remote sensing is the collection of information about a place without coming into direct contact with it. Remotely sensed data has also become ubiquitous due to technological development.

The most common way to collect remotely sensed data is to fly above a place. However, until the invention of cameras and aerial technology, there was really no way to get above a place to observe it in detail. Thus, only over the past 150 years or so have we been able to observe the earth from above. Cameras have been attached to all sorts of flying devices—kites, carrier pigeons, airplanes, spacecraft, and, today, unmanned aerial vehicles, or drones.

Remote sensing has enhanced our understanding of the world far beyond what we could ever know from mere in-person observation. The ability to observe the earth from above allows us to better understand how interconnected the world is. Topics such as climate change are global in scope and could never be adequately studied by collecting data from small areas of the earth’s surface. With satellite technology, we can not only use active-sensing equipment (that is, technology that collects environmental information beyond merely taking pictures) to keep track of climate changes but also observe these changes around the entire planet in real time. Beyond photography, satellites and planes can use different sensors to detect heat differences, variance in vegetation cover, and groundcover down to a millimeter.

The importance of remote sensing technology to geography and mapmaking cannot be overemphasized. Militaries use remotely sensed data to follow enemy troop movements and buildups. Mapping services use this data to map vegetation and elevation. Remotely sensed data is often the most important data available during natural emergencies, showing which areas are flooded, damaged, or on fire. Finally, remotely sensed data has become a powerful tool for understanding global climate change; by continually collecting data about the earth, changes in temperature and water level over time can be collected and visualized.

All of this data is great, but it is largely worthless unless we also have tools that help geographers make sense of it. As data collection became cheaper and more abundant, it quickly surpassed any person’s ability to make sense of it all. Thus, GISs have evolved to help geographers analyze, synthesize, and map the data in very powerful ways. GIS software allows geographers to layer datasets, such as aerial photography, soil data, precipitation data, and farming data, over one another and run complex statistical analysis. This software can be used for all manner of purposes. For example, a GIS might be used by farmers to analyze whether they are growing the most productive crops on different parts of their land, or by the police to determine where they should more regularly patrol based on crime statistics. GISs are now widely used in society to make informed and rational decisions based on the massive amounts of spatial information being collected. They are also being used to create incredibly detailed and useful maps.

SPATIAL ORGANIZATION

Geography is the science of spatial analysis. Location is obviously a key component of geography, but it is merely a rudimentary measurement. Geography becomes truly powerful and exciting to use when analyzing where, when, and why certain things are located where they are. To make an analogy: knowing the location of objects is like having raw numbers in math; analyzing where, why, or when things are found in certain locations is like using formulas to solve problems with those numbers.

In the simplest sense, geographers begin studying space by looking for locational patterns. Spatial patterns can be viewed as the distance between spatial objects. Depending on what type of patterns one is attempting to analyze, distance can be measured in a variety of ways. For example, there is linear distance—how far is the park from your friend’s house? One can also measure distance by time. Fire chiefs, for example, do not really care about how far a home is using linear distance from the nearest fire station. Instead, they are worried about how long it takes to get to a house, taking into consideration average daily traffic, lights, stop signs, and more.

One of the first things a geographer asks is “how” particular phenomena are deployed across a landscape—what are the patterns? For example, are there any patterns to the location of fast-food restaurants? If you start mapping every fast-food restaurant in your county (simple locations), you will see certain patterns emerge (locational relationships). To begin with, fast-food restaurants frequently tend to conglomerate and build right next to one another. Secondly, they are most often found clustered either along major transportation routes or around central locations.

The concept of regions is another method geographers use to better categorize and analyze the world. Regions are areas of the world, typically contiguous, that share a variety of physical and human geographic characteristics. They are not necessarily homogenous, but they are typically very interdependent and more similar than dissimilar to one another. They are typically forged based on cultural traits, such as religion, language, or cuisine; or physical traits, such as a region being mountainous, desert, or tropical. Dividing the world up into regions often makes places easier to study.

Once interesting locational and distance patterns are discovered, geographers can start investigating more complex geographical questions. Why are things where they are? What processes, human or environmental, are behind the placement of things in the environment? In the case of fast-food restaurants, several more obvious questions might be: Why are fast-food restaurants clustered along major roadways or around central locations? Why do so many different restaurants selling largely the same things (e.g., tacos, burgers, and greasy chicken) conglomerate near one another? From an economic standpoint, one would think a restaurant would want to be farther away from competition. People build and do things in certain places for a reason; it is not just coincidence that fast-food restaurants are located so systematically.

Human geographers could use GIS technology to start exploring why. In the case of fast-food restaurants, the answer is explained fairly well using economic geography concepts. Fast-food restaurants make their money by selling cheap food to lots of people—as opposed to a gourmet restaurant that sells expensive food to far fewer people. In order to be profitable, fast-food restaurants will need to be placed where people have ready and regular access. Thus, they tend to dot major roadways. They conglomerate around one another because people tend to “go out” to eat. Being near one another increases the odds that people will visit the store. If a store is far away from other fast-food restaurants, there is a good chance people will go to the cluster of stores to have more eating options than visit the single fast-food store.

Beyond fast-food restaurants, analyzing patterns and asking questions about why things are where they are can also help us determine correlations and causations that may otherwise have been missed. In the mid-1800s, a British doctor named John Snow wanted to figure out what was causing a widespread, deadly cholera epidemic in London. He mapped everyone who had died from cholera. He believed that there was a potential correlation between drinking water and the disease, so he also mapped the local wells from which people drew their drinking water. It turned out that there was a well right in the middle of the area of the deaths. The pattern led to the removal of the well’s pump handle and the end of the cholera epidemic. Over time, and now with the help of GIS, geographers can not only track spatial relationships but also predict future developments on the ground.

Ian Muehlenhaus
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CARTOGRAPHY AND CULTURAL BIAS

Maps are imperfect projections of a three-dimensional globe onto a two-dimensional surface. Similarly, a mapmaker superimposes his own point of view upon the world he is visualizing. What the mapmaker presents may appear objective, but it is to a considerable extent a product of his or her own cultural and political proclivities—and even of his or her imagination. The cartographer’s projection of the outer world is therefore dependent on his or her own inner psychological state; the maps are based on an “act of seeing” rather than on “what was seen.”

Geographical maps reflect perceptions of space that are socially conditioned, and they are basically mental. They are “mediators” between a person’s inner world and the physical world, and they “construct” the world rather than “reproduce” it. People tend to see what they describe, rather than vice versa. Conceptual categories, such as continents or oceans, emanate from the cartographer’s intellect and are then applied to his or her maps just as constellations are formulated to provide a systematic vision of the skies.

In fact, cartographers have for centuries prepared maps of areas they have never seen. To do this, they have relied on the experiences and descriptions of others. Nevertheless, caution is required prior to acceptance of the findings of travelers, adventurers, “discoverers,” and so forth. Their accounts may be precipitated by ulterior motives, and moreover, one tends to see what one expects to see.

Cartographers often had inadequate information, and some parts of the world were completely beyond their knowledge. There was thus a considerable expanse of terrae incognitae (Latin for “unknown lands”) on maps, which cartographers filled with monsters, giants, fierce animals, deformed humans, and other representatives of the feared unknown. There were also imaginary Atlantic islands such as Antillia, St. Ursula, Frisland, and the Islands of Brendan. When exploration demonstrated that they were not at their supposed locations, they were not discarded but rather moved further west.

Cartographers have frequently been inaccurate in their depiction of the external world in terms of location, direction, distance, size, and shape. Even so, such visual representations are reflections of the cartographers’ operational frameworks derived from the values, beliefs, and practices of their society and time. Cartography is really much more than technical mathematics and craftsmanship: it is the intellectualization of space across time.

      Maps Often Highlight the Homeland of Their Makers

When children draw maps of their neighborhoods, they egocentrically tend to place their own homes near the center. Early humans acted similarly when viewing the sun, stars, and the horizon as they incorporated what they saw with their spiritual and cosmological perspectives to arrive at some understanding of their own place in the universe. Observation remained fundamental to their mental picture, and so did physical location. Similarly, most civilizations developed a belief that the sun and the other planets revolved around the earth.

Following the appearance of drawn maps around the seventh century BCE, ethnocentric values came to determine what was depicted at the center of maps. The Temple of Tenochtitlan appeared at the heart of Aztec maps, and Jerusalem was at the center of the Madaba mosaic. When the most prominent Islamic cartographer of the Medieval period, Mohammed al-Idrisi of Ceuta, was commissioned by King Roger II of Sicily to produce a world map, he put Mecca and the Arabian Peninsula at the visual focal point of his masterwork, completed in 1154 CE. They were there again in the map he created in 1161.

The Chinese believed, according to the concept of tienxia, that there was an order under heaven that located China at its center. A fifth-century BCE map was therefore composed of concentric rectangles, with the inner one being the royal palace. Then appeared the capital, the lands of feudal princes, the pacified zone, the barbarian zone, and the “lands of uncivilized savages.” There was no standardized scale, as each area going outward from the royal palace was made increasingly undersized. This Chinese cartographical outlook was similar to that of many Southeast Asian societies, as states were defined by their centers, not their boundaries. Outlying areas were assessed by their relationship to the center, and government authority became weaker when the distance from the center increased. The status of territories was thus hierarchical rather than egalitarian.

In the late 16th century, China started to call itself Zhongguo, the “middle kingdom” or “central state.” This term dated back to ancient times but had not been in general usage. Sinocentrism returned and, ironically, was backed by the Italian Jesuit priest Matteo Ricci, who arrived in China in 1583. Ricci hoped to convert the Chinese to Christianity and thought that revealing European cartographical skills would impress them. Ricci unintentionally proceeded to offend his Chinese hosts when he showed them a European map of the world on which China was located at the eastern edge. He quickly made amends in 1584 by producing a new map centered horizontally in the Pacific at what we now consider to be 170º E longitude. China was thus displayed prominently.

The Japanese adopted Buddhism in the sixth century CE and were soon making maps focused on Mount Meru (a mythological mountain believed to be the center of the universe). Religious culture thus trumped national pride. However, the introduction of Eurocentric maps in the 16th century engendered a nationalistic backlash, and Japan was then moved toward the center. In the early 19th century, an atmosphere of seclusion and xenophobia led to many maps being centered on the emperor’s place of residence: Kyoto. This signified a rejection of the feudal Tokugawa government headquartered in Edo (Tokyo). Traditionally, all distances in Japan had been measured from the same point in Edo, the Nihonbashi Bridge, which had been constructed by the shogun Tokugawa Ieyasu in 1603.

There is still no standardization of maps in terms of their longitudinal center, even though a zero prime meridian running through Greenwich, England, has been established. Europeans are likely to deploy the prime meridian down the middle of their maps, but the Chinese prefer the international date line in the Pacific, and Americans have generally portrayed the United States as the hub, with protective oceans on either side and Europe and Asia off at the peripheries. Consequently, Eurasia is often bifurcated. Maps of regions may also feature different centers in order to express cultural attitudes. For example, noted British historian Norman Davies maintains that Poland’s importance in European history has not received significant recognition. His books therefore feature maps of Europe that have the axis twisted toward a western orientation so as to produce a Polish-centric continent.

      The Orientation of a Map Reflects Cultural Values and Beliefs

The orientation of maps is arbitrary. There is no scientific reason why north should be at the top, and why Americans should go “up north” or “down south.” Cultural tradition dictates cartographical design just as it determines whether writing should be from left to right, right to left, or top to bottom. Modernized societies do not always standardize direction. It can vary based on the perspective of a person approaching a location, or the use of a meandering river as a fixed reference.

Historically, maps often incorporated both the celestial and terrestrial in order to cosmologically orient humankind within the universe. The Fon people in Benin had the image of a calabash (a tree found in tropical regions) in which the sun, moon, and sky were in the upper part, and the earth floated in a lower part filled with water. The earliest known pictorial map of more than local concern, drawn in Babylonia in the sixth century BCE, similarly viewed the earth as a disc surrounded by water. This was a common motif, but various cultures depicted the earth as an egg, tortoise, human body, bowl, wheel, sphere, tetrahedron, square, or a series of interconnected squares.

Maps today, however, generally conform to a pattern, and their northern orientation goes back to the ancient Greeks. The maps produced by Ptolemy were particularly influential in this regard. Why the Greeks chose north to be at the top of maps is not known, but many cultures believed that placement there implied a stronger connection to ethics. This was similar to concepts of sacred mountains (like Mount Olympus or Mount Meru) and of God being in heaven. Indian maps often incorporated this ethical image into an eastern orientation, as did medieval Christians. East is the direction of the rising sun, and for Christians, it also represents Paradise. In fact, the word “orientation” implies an eastward perspective (both “orientation” and “Orient” are derived from the Latin oriens, which means “rising”). A map of Britain produced around 1250 by Matthew Paris, an English monk and historian, was oriented northward, but such deployment did not become common in Europe until the 15th century. Such usage seems to have been prompted by the rediscovery of Ptolemaic maps and widespread employment of the compass.
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A Buddhist depiction of the universe with Mount Meru, a mythological mountain believed to be the center of the universe, in the middle. Above Mount Meru are the realms of the gods and below are four disks symbolizing the four elements. (iStockphoto.com)

Prior to the impact of Italian missionary Matteo Ricci, Chinese cartography was predominantly oriented southward. Two Hunan maps from the early second century BCE exemplify this custom, perhaps developed because the apogee of the sun at the summer solstice was visible in the southern part of the sky. South was also the royal direction, and Chinese compasses pointed toward magnetic south. Emperors sat with their backs to the north, and their palaces faced south from their location north of the capital’s east-west axis.

Islamic mapmaking, which was influenced by the Chinese, also featured a southern orientation. This is evident in the 12th-century works of Mohammed al-Idrisi of Ceuta, who placed the Arabian Peninsula at the center of his maps and also oriented them toward the south. This placed Arabia at the prime location near the top, above Europe. Although not basically theological, Islamic maps also performed an important religious function. Muslims face Mecca while engaged in prayer, and a wall niche (mihrab) in mosques orients worshipers in that direction. Determining the qibla, the sacred direction to Mecca, was therefore crucial, so the preparation of qibla maps became widespread during the period from 1000 to 1800. Introduction of the magnetic compass in the 12th century contributed to this process, as did the astronomical observations of navigators and the Ptolemaic location tables.

      Some Maps Reflect Religious Concepts and Practices

Cartographers project their religious values onto their maps. In an extreme example, the Gumatj clan of Australian Aborigines has developed maps that are simultaneously paintings and religious icons, and they are fully understandable only to those initiated into the clan’s secrets. For the Gumatj, connections between places are interpreted as tracks made by ancestral beings, and land is given to humans by these beings. Their particular clan has the crocodile as its ancestor, so maps are drawn in the shape of a crocodile, and the parts of its body are presented as corresponding to geographical locations.

Ancient Indians paid little attention to mathematics or scale, as the holiest sites were portrayed as unrealistically large, and pilgrimage routes were given prominence. Observation as a means of gathering geographical information was subordinated to the Hindu belief that sensory perceptions were illusory. Christian maps from roughly the 6th through 15th centuries were based on similar assumptions; for example, Saint Augustine of Hippo, the renowned 4th- and 5th-century North African Christian theologian, minimized knowledge of the material world gathered by the senses, for he believed that human intellect was supplied by God and that the earth was the fulfillment of God’s promise through scripture.

The empirical and geometric foundations of cartography, developed by the Greeks, were ignored in Europe as mapmaking became less practical and more theological. Purpose and revelation moved the emphasis from what is to what ought to be. Medieval world maps (often known by their Latin name, mappae mundi) were thus didactic representations of man’s relationship to God. The 13th-century Ebstorf map from Germany stressed the world as Christ’s embodiment, with his head appearing at the top, his feet at the bottom, and his hands at the sides. Jerusalem, notably at the center, was therefore a symbolic navel. Some maps presented the 12 apostles presiding over geographical regions. Cartography served the faithful, so the sixth-century Madaba mosaic map featured roads to religious sites and a very detailed depiction of Jerusalem. Sites not associated with Christianity were either left out entirely or displayed less conspicuously.

European cartography during the Middle Ages was mainly developed by monks who applied scripture to geography and who used their maps as metaphors for theology. An important scriptural reference influencing cartography was the centrality of Jerusalem. Even more critical was the concept of a world that was mostly land. As a consequence, the image of Earth being only one-seventh water pervaded Christian cartography. So-called “T-O maps,” a stark example of this influence, were common from the 8th through the 15th centuries. They were round (“O”) and had a horizontal diameter perpendicular to a lower vertical radius (“T”). Water frequently was situated around the circumference, forming a border. The “T” was in the form of a cross known as the tau (the Greek letter corresponding to “T”), clearly representing the Crucifixion. Jerusalem was at the center, and the three continents depicted implied the Christian Trinity. T-O maps had an eastward orientation, with the lines of the “T” delineating waterways. The Mediterranean Sea was thus the vertical part of the “T,” and the Nile and Don (or sometimes the Danube) rivers combined made up the crossbar. This synthesis of scripture and “sacred” geography amply demonstrated the psychological projection of the cartographers and the importance of culture in interpreting a not-so-objective “reality.”

Arthur Jay Klinghoffer
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CARTOGRAPHY AND POLITICAL BIAS

Advertisers attempt to sell their products, ranging from physical commodities to political candidates. Similarly, mapmakers attempt to sell their impressions of the world as they describe, communicate, and organize information into simple patterns that are visually attractive, comprehensible, and convincing.

There are many ways mapmakers can manipulate maps for political purposes. Countries may be placed near each other on a flat map—or at what appear to be opposite ends of the earth. Cartographers favoring an alliance between the United States and Western Europe can place these areas near each other by employing a polar projection; those opposed to such an alliance can use a map with the equator as an east-west axis and locate the center longitudinally in the Pacific. This serves to separate the United States and Europe, contributing to an image of a weak relationship.

Graphic elements also have political implications. For example, coloring Chechnya differently from the rest of Russia would support Chechnya’s claim to independence. Similarly, support for Taiwanese independence could be suggested by shading Taiwan in a different color than China. In cases like these, mapmakers are forced to evaluate their own political point of view. For example, prior to Algerian independence in 1962, should Algeria have been colored the same as France, which maintained that the area was part of France itself and not a colony?

Labeling, captions, and text are also controlled by the mapmaker. Should places be called by their indigenous names or those given to them by former colonial powers? Describing a country or region as “liberated” would be expressing a value judgment. Should there be any special notation for Hong Kong, which is officially part of China but operates according to the principle of “one country, two systems”? Some usage may be technically accurate, but misleading. Birobidzhan in the Soviet Union was established as a Jewish autonomous region (oblast), but no more than 30,000 of the Soviet Union’s more than 2 million Jews lived there. Diego Garcia, an island in the Indian Ocean, may be labeled as a British territory, but it is in practice a U.S. military base.
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This map depicting Europe as queen among continents was originally designed by Johannes Putsch in 1537. It later appeared in German cartographer Sebastian Munster’s Cosmographia, first published in 1544. The map was created at a time when European countries were sending explorers to faraway lands to discover, conquer, and establish colonies and trade relationships. The design of the map reveals a European sentiment of dominance and superiority at this time of imperial expansion. (Munster’s Cosmography, 1570)

Symbols, arrows, and data presented on maps may also be biased. The display of castles or cathedrals in maps of medieval Europe may reflect the cartographer’s attitude toward the secular-religious debate. Dots representing the distribution of ethnic groups, or major weapons, can enhance the visibility of certain factors with bright coloring. Arrows pointing outward or lines around areas of deployment can make military formations appear either offensive or defensive. For example, a British map issued early in World War II used arrows to illustrate Soviet and German advances into Poland. When reprinted in China, only arrows of Soviet movements were included.

The compilation of maps leaves considerable room for even more ideological juggling. “Combination” maps placing images of different time periods side-by-side may be used to illustrate a country’s shrinking size. This was done in Nazi Germany to promote revanchism (the will to regain previously lost territory) and the idea of lebensraum (“living space,” land considered by the Nazis to be part of a larger German homeland). Atlases naturally devote more space to the country of publication, but their coverage of the rest of the world often features clear preferential treatment as well. For example, maps of the United States will likely be presented first in a U.S. atlas, but Europe will almost always come second. Not only that, but there will usually be more maps of Europe than of other continents such as Africa and South America, and many maps of Europe will have a large scale to accentuate details. Even within Europe, maps of the United Kingdom, France, and Germany are frequently given considerable space on a page, while those of Scandinavia or the Balkans often get less attention.

      Defining Space and Place: Boundaries and Names

Land boundaries are political lines of separation without any area. They were not well developed until the 17th century. Previously, there had been frontiers—undeveloped or unexplored areas of land between established settlements—based on geographical features as well as historical and cultural traditions. These frontiers were loosely defined gaps rather than legal boundaries, however, and they tended to integrate different groups of people. On the other hand, formal boundaries separate different groups of people and highlight political divisions.

Efforts to redesignate boundaries are often made by citing maps. However, state boundaries on maps generally don’t distinguish between de jure (legally recognized) boundaries and de facto (in practice only) boundaries. Other details that might be left out include differences between former boundaries, disputed boundaries, and ceasefire lines. An interesting 1925 Chinese map distinguishes between the “present frontier” and the “legitimate frontier.” The “legitimate frontier” includes extensive claims to Mongolia, Malaya, Indochina, Thailand, the Diaoyu Islands, and part of the Soviet Union. Cartographers often make these distinctions according to the interests of governmental authorities, schools, and publishers.

A classic example of the political power of boundaries comes from 20th-century Vietnam. The 1954 Geneva Conference established a “military demarcation line” at the 17th parallel, asserting it was “provisional and should not in any way be interpreted as constituting a political or territorial boundary.” There was to be a July 1956 election for the country as a whole, but it never took place. Did the demarcation line become meaningless, given that separate governments were set up in the north and south? North Vietnam, backed by the Soviet Union, maintained that there was no state boundary between the zones, which would mean that the war taking place in the area was civil. South Vietnam, supported by the United States, viewed the demarcation line as a new border. Therefore, it viewed the war as one of aggression by a different country: North Vietnam. The American “White Paper” of February 1965 concurred, accusing North Vietnam of attempting “to conquer a sovereign people in a neighboring state.” The ways mapmakers chose to portray Vietnam during the years 1954–1975 were thus closely tied to their politics.

Names of places can also connote different political points of view. The fact that there is no unifying global language guarantees that names for countries will vary depending on the language being spoken: Americans call Deutschland “Germany,” Chinese refer to the United States as “Meiguo,” and Israelis call Spain “Sfarad.” There are historical and cultural reasons for such terms, and the usual intent is not overtly political. It does make sense that maps made for speakers of a particular language should indicate locations in an understandable manner. However, different names for geographical locations are also influenced by competing national interests.

The examples of how names can be manipulated for political purposes are numerous. The “Persian Gulf” versus “Arabian Gulf” controversy has led to the politically correct but vague term “the Gulf.” The British and French have separate names for the waterway between them. The British call it the “English Channel,” while the French refer to it as “La Manche” (The Sleeve). Magyars who see the Transylvania region of Romania as part of a greater Hungary insist on town names such as “Temesvar” and “Nagyvarad,” as opposed to the Romanian “Timisoara” and “Oradea.”

One notable dispute relates to the stretch of water between the Korean peninsula and the island of Japan. Both North Korea and South Korea have objected to the term “Sea of Japan,” preferring the more Korea-centric “East Sea.” As Japanese military strength grew in the late 19th century, however, and Japanese maps started to be published in English editions, “Sea of Japan” became predominant. Japan’s annexation of Korea in 1910 solidified this trend. In 1929, the International Hydrographic Organization accepted this usage.

Once Korea emerged from Japanese control after World War II, Koreans gradually seized upon the name issue as a matter of national pride. South Koreans began pressuring for reform in the 1960s, arguing that the name “Sea of Japan” was a remnant of colonialism. Since joining the United Nations (UN) in 1991, South Korea has sought support from the UN Conference on the Standardization of Geographic Names—but Japan has rejected any compromise.

Another issue is sequential name changes. The British colony of Honduras became Belize when the country gained independence from Britain, and Rhodesia turned into Zimbabwe. A similar situation arose with the breakup of the Soviet Union; the names of former Soviet states were changed minimally as an assertion of identity. Thus Moldavia became Moldova, Byelorussia emerged as Belarus, and the capital of Ukraine switched from Kiev to Kiiv.

These name changes were not contentious because they represented the liberation of people formerly under colonial rule. On the other hand, some name changes have led to political conflict. Burma renamed itself Myanmar in 1989, but the United States still refuses to accept the new name, as a means of protesting the country’s alleged human rights violations. The Soviet city of Stalingrad (previously known as Tsaritsyn) was renamed Volgograd in 1961 during Soviet premier Nikita Khrushchev’s anti-Stalin campaign. During World War I, the Russian city of St. Petersburg was renamed Petrograd, as St. Petersburg was deemed too Germanic in sound at a time when Russia was battling the Germans.

Arthur Jay Klinghoffer
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GEOTECHNOLOGY AND PRIVACY

In 2005, global society underwent a major revolution. This revolution was not televised. It was not discussed on talk radio. It was not the focus of discussion in the hallways of schools or around office water coolers. At the time, in fact, almost everyone failed to notice that something had arrived that would permanently change how people view and think about the world. This revolution was the introduction of Google Maps and Google Earth.

Why was Google Maps revolutionary? Quite simply, it was the first time that people could easily—and freely—see the entire world using aerial and satellite photography. Data that had previously been too expensive and difficult to find was now at everyone’s fingertips—as long as they had an Internet connection. For the first time ever, people other than governments, wealthy corporations, or those few people fortunate enough to become astronauts could peek in on all parts of the world and analyze places from above. Moreover, they could do this from the comfort of their own homes or offices.

Not everyone was thrilled with this development. At the time of their release, Google Maps and Google Earth had suddenly opened a Pandora’s box of social, political, and privacy issues that had previously been largely nonexistent. Many governments were extremely upset that a corporation was allowed to publish and distribute detailed information about their territories to anyone in the world. A second issue concerned public safety and security. Allowing anyone to see where everything is can be dangerous. Criminals can use aerial images to plan burglaries, muggings, kidnappings, drug drop-offs, and many other illegal activities.

The third and most pertinent issue for many people in Western society was Google Earth’s potential infringement on privacy. The question arose: At what point is aerial photography of your property and person an invasion of privacy? Some people argued that no company should have the right to photograph private property from space without permission and simply place it on the web for anyone and everyone to view.

Aerial photography paled in comparison to what Google had in store, however. In May 2007, Google released Street View, a Google Maps feature showing 360-degree photography of streets. Google Street View is Google’s attempt to regularly photograph and update every street in the United States and many other countries of the world using cameras mounted on cars. Using this technology, people using Google Maps can not only view places from above using Google Earth’s aerial images—they can also look at almost every address in the Western world as though they are standing on the street in front of it. This was the first time in history that street-level views of an entire country, much less numerous ones, were accessible.

Immediately, courts in the United States were asked to weigh in on this topic. They concluded that Google Street View is not legally an invasion of privacy. In the United States, it is acceptable to take pictures from public property without permission; the courts ruled Americans can have no expectation of privacy from the street. However, in a related case, Google was accused of using its Street View cars to tap into the Wi-Fi signals of homes as they passed by. In Joffe v. Google (2013), the Ninth Circuit Court of Appeals ruled that this practice was a violation of the federal Wiretap Act, which prohibits the interception of electronic and wire communications. Google’s appeal of this ruling was rejected by the U.S. Supreme Court in 2014.
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A Google Street View camera in Amsterdam, Netherlands, 2009. The camera provides Google Maps and Google Earth 360-degree horizontal and 290-degree vertical panoramic street-level views in the Dutch cities of Amsterdam, Rotterdam, and Groningen. While Street View has benefits such as facilitating navigation, there are concerns over privacy violations and public safety and security. (Toussaint Kluiters/AFP/Getty Images)

      Privacy and Security Arguments

While Joffe v. Google represented a rare and specific defeat for Google, the general premise of its Street View surveying has survived challenges in court. However, just because something is legal does not necessarily mean it is ethical. At what point does Google Street View cross the line of privacy by posting information on the web for the world to see? Certainly, most can agree that there is a point at which detailed photography from the street becomes unethical, voyeuristic, and a potential invasion of privacy.

Many have argued that Google Street View is different from simply looking at places from the street. The cameras Google uses are mounted on top of Google’s cars, allowing gawkers on the web to see over landscape features traditionally meant to provide privacy from the street (e.g., over shrubs and fences that block windows). This means that people can be shown sunbathing or watering their lawns in their pajamas. Others have complained that Street View frequently pictures completely innocent members of the public in compromising positions (e.g., protesters outside of abortion clinics or people getting arrested). Street View images are typically available on the web for months or years before Google updates the images with new ones.

Another major concern focuses on crime and public safety. Though Google Street View is useful for finding a place you have never been before, it also opens neighborhoods to danger from people who have ulterior motives. Google Street View allows potential criminals to explore neighborhoods that are ripe for burglary. One can analyze how well a house or business is hidden from the street so that no passersby stumble upon a burglary in progress. Thieves can scope out streets looking for those that have more than a handful of expensive cars on them to steal. Sex offenders and potential abductors can explore neighborhoods looking for toys or children playing in front yards. Criminals of all sorts can explore neighborhoods looking for shortcomings in security.

Some countries have also expressed concern over Google Street View’s potential as a tool for terrorist groups to plan and coordinate attacks. Google Street View is banned in India for everywhere other than major landmarks, such as the Taj Mahal, for this reason. In 2016, a security organization commissioned by the Indian government rejected Google’s plan to expand its Street View mapping of the country, citing the 2008 Mumbai terrorist attacks, in which a group of 10 gunmen stormed various buildings in Mumbai and killed 164 people over a span of four days. In the aftermath of the 2008 attacks, it was revealed that they had been coordinated by David Headley, a U.S. citizen. Headley had traveled to Mumbai on several occasions to take street-view video of the sites that would later be targeted in the attacks.

Even for places where such services have been ruled legal, a question arises: Is the posting of blanket, street-view images and what companies like Google, Apple, and Nokia do with them ethical? Is it right for a person or company to put data concerning other people online, simply because they can, without asking the people first? Other countries have very different ideas about privacy than the courts in the United States. Apart from India, Google Street View has been ruled illegal in several other countries. In Germany, Google cannot include a person’s house in its Street View imagery unless the people living there opt in (agree to have their house and property shown). Many people do not. Privacy and ethics go hand-in-hand.

The complexity of this issue suggests that it will continue to be debated for years to come. In August 2018, a related Google service—the Google Maps “Location History” feature—became the subject of a lawsuit alleging that even when the function is set to “off,” Google continues to track users’ locations. This appeared to be a direct contradiction of language on Google’s support page, which stated that “With Location History off, the places you go are no longer stored.” The case could implicate as many as 2 billion Android phone users.

Obviously, there are numerous societal benefits to using Google Street View technologies in conjunction with Google Maps; otherwise, no one would use them, and Google would cease spending millions developing them. We can navigate more easily, explore the world in seconds, and explore environments without traveling to a place. Moreover, these technologies are opening new avenues of investigation for law enforcement. Beginning in 2017, police in Raleigh, North Carolina, began using location data for phones within a certain distance of a crime scene at the time the crime occurred to pinpoint and apprehend suspects. However, even the use of data for positive ends, like catching a criminal, brings up difficult privacy questions. For instance, is it right for a person to fall under suspicion simply because he or she was near a crime when it was committed?

Knowledge is power. The Google Maps and Street View revolution offers previously unimaginable location-specific knowledge to billions of people. However, at what cost to personal privacy is this knowledge collected and distributed, and to whose advantage? These are questions that societies around the world will be grappling with for years to come.

Ian Muehlenhaus

See also: Community-Based Mapping; Geographic Information Systems (GIS); Google Maps; Remote Sensing

ETHICAL USE OF GEOGRAPHIC DATA

When someone mentions the study of geography, one of several things usually comes to mind. For many people, it is the rote memorization of places on a map. For others, perhaps, physical features, such as mountain ranges, deserts, forests, oceans, lakes, and rivers, exemplify the discipline. However, geography has been and continues to be about far more than knowing one’s states and capitals, biomes, and climate regions. The geographic discipline is interested in processes—not static places. Geographers have always been obsessed with tracking changes in and through space. This includes exploring myriad movements and diffusions, including people and ideas, diseases and medical breakthroughs, glaciers and hurricanes, and whatever else occurs in space. Beyond studying movement, however, geographers are also interested in causation—what induces and makes these things move. They are also interested in effect—what impact do moving processes have on the things that were already there?

For the past few hundred years, geography required a lot of footwork. One frequently had to visit places of interest to collect data about them, because no one else was collecting the data. If a researcher wanted data on the spread of polio in Indian villages, she probably had to travel there and collect the data in person. If a geographer wanted to study the movement of people in a city, he would have to survey individuals and follow them around. In addition to having to do a lot of hard analysis, just collecting the data to analyze was monumental work. The last 20 years of technological development has rapidly changed this.

Today, most citizens are participating in and practicing geography on an hourly basis without even realizing it. Every time people make a purchase with a credit card, what they purchased, where they made the purchase, and how far it is from their home billing address is recorded. Every time someone turns on a smartphone, he or she is being tracked, the data being sent to Google, Apple, or whomever, and the information being stored. Tweets and Facebook posts are frequently geolocated; pictures from phones are now embedded with location data. This location data is personal geographic data that identifies who you are, where you are likely to be at any given moment, and what you are likely to purchase when you are in certain locations. This data is valuable to businesses who want to sell their products to you. Hence, the companies gathering your data can sell it to these businesses for a profit. Mobile technologies have made geographic data—again, data that highlight processes and change—ubiquitous and extremely valuable to everyone. Technology has made all of us geography addicts, even though many of us do not realize it.
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Most people use geographic technology on a daily basis without knowing it. Cell phones for example, contain tracking technology that geolocates the user. That data can then be sold to marketing companies who want to know where the user is at certain times of the day, what businesses they visit, and what they might be likely to buy. (IvanciuManu/Dreamstime.com)

Businesses were some of the first to understand the power of collecting geographic data and to use it to predict where people are going. This data is not only used to predict people’s movements and behaviors, though. It also facilitates marketing campaigns that influence people to go to certain places and buy certain things. No longer do advertising campaigns have to bombard the masses with junk mail and robocalls; corporations target individuals based on their preferred places of shopping and purchase histories. If a couple buys diapers at a local shopping center, that data is immediately collected by the business. There is a good chance the business can lure the couple back by sending them a packet of coupons for baby products. (They can easily get the couple’s address information from the credit card used). Every time a store asks someone for a zip code at checkout, that data is entered and stored. The purchased item is associated with that zip code. This data helps corporations determine where their customers are coming from and where it might make sense to build future stores. People willingly provide this information at checkout; they are participating in geography!

Of course, governments benefit from technology’s role in collecting geographic information about people, too. When it comes to criminal justice, geographical information systems (GIS) have been instrumental in allocating resources to neighborhoods more likely to experience crime at certain times. Previously, expensive aerial photography was required for cities and counties to make sure the population was not violating building and zoning codes. Today, city and county governments increasingly turn to Google Earth to enforce their regulations; the data on Google Earth is typically updated more frequently. National governments use developments in mobile technology to hunt terrorists, track most-wanted criminals, and spy on other nationals. For example, the demise of Osama bin Laden was due largely to the accumulation of geographic evidence pointing to a particular residence in Pakistan as being his location.

Finally, citizens benefit from the wealth of geographic data being collected and disseminated as well. Anyone who uses Google Maps to check their local city’s traffic can thank real-time data from Android handsets constantly updating Google Maps with their users’ current velocities on the highway. Moreover, people generally prefer to have marketing targeted to their personal interests so they do not have to weed through coupons and advertisements meant for a different demographic. Finally, we can now socialize and communicate from anywhere. Technology has made us geography addicts; it has changed the way we think about the world. Before mobile phones, the most common question when someone called a friend was, “How are you?” Today, the question is, “Where are you?”

Technology has made geographic knowledge and the discipline an unavoidable, everyday aspect of our lives. We are all geographers now, collecting, sharing, and analyzing data constantly. The irony is that most people do not affiliate these new ways of thinking and interacting with geography. Technology has ushered in an era of continual geographic thought, analysis, and use. Yet the popular misconception persists that geography is merely about memorizing where places are on a map.

It probably will not persist for long, however. There are major ethical concerns regarding the ubiquity and regulation of geographic data collection in this new era, leading to many important questions. How has the erosion of spatial privacy impacted different groups of people in different places? Should corporations be allowed to deny services to people if they do not want to be tracked? To what extent does the collection of this geographic data fragment the fabric of community, public debate, and discourse among friends and neighbors? Does having all of this technology constantly telling us who we are, and what we should like, actually create a feedback loop—namely, a self-fulfilling prophecy forcing us down a path of predetermined identity? Ironically, academic geographers are ferociously studying these very questions right now, looking at the impact that technological change is having on various peoples, places, and cultures. Technology has changed our perceptions and everyday use of geography, but geographic scientists have not lost sight of how important tracking such change is.

Ian Muehlenhaus

See also: Community-Based Mapping; Geographic Information Systems (GIS); Google Maps; Remote Sensing
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OVERVIEW

If asked to mentally map the larger world around you, you most likely would do so by naming regions. Terms describing regions such as Pacific Northwest, New England, the Midwest, the Middle East, and Central America are frequently used in everyday speech to describe larger places in the world around us. Humans are predisposed to categorize and combine different places that share similar physical and social characteristics together into regions that can quickly and easily be compared to one another.

Many geographers also do this. Geographers have traditionally broken the world down into realms and regions. A realm is a very large region that shares extremely general social, economic, physical, political, or historical geographic traits. For example, sub-Saharan Africa (the part of Africa south of the Sahara Desert) is considered a realm. Due to the Sahara’s impenetrability, southern Africa developed distinctly different from northern Africa in religion, language, and economics. Another realm is Europe. Europe shares many common cultural and economic characteristics.

Realms are useful for generically explaining differences between large groups of people and parts of the earth. However, due to their large size, realms are not that useful for analysis. Thus, geographers have developed the concept of regions to help explain the similarities and differences between smaller portions of the earth’s surface. By breaking realms down into smaller regions, defined by cultural and physical aspects, geographers are able to analyze why certain communities share a sense of place or have cultural, economic, and political affiliations with one another. Geographers can also analyze environmental issues that are unique to given areas. On the other hand, with the rapid globalization that is occurring in the world today, the differences between regions are frequently becoming less distinct. From invasive species to the ubiquity of Coca-Cola, globalization is challenging geographers to think about regions in new ways and to reevaluate their role in analysis.

Places are spaces that have social significance to one or many people. People do not have to be in a place for it to exist, but they need to have perceptions of it. For example, Mars is a place. No human has ever set foot there, yet many have perceptions about what it is like due to remotely sensed satellite images and Mars rover snapshots.
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A map depicting the world’s 12 realms. The world’s realms divide earth into broad cultural and environmental categories. (ABC-CLIO)

PHYSICAL AND HUMAN CHARACTERISTICS OF PLACE

Geographers typically break the characteristics of place down into two broad categories—physical and human. Physical characteristics are those that occur due to environmental processes, including things like vegetation, geology, water features, climate, and landforms. Using Mars again as an example, human perceptions of the planet are based entirely on its physical characteristics, as no humans reside there . . . yet. Some of the environmental characteristics of Mars are observable from Earth—it is reddish in hue due to a surface high in iron oxide. Many people also think of it as having a thin atmosphere, some extremely high mountains, a canyon that dwarfs the Grand Canyon, ice at the poles, large ocean beds (minus water), and very low temperatures.

Most places are not like Mars, however. Generally, places also have human characteristics. Human characteristics are cultural norms that come to dominate in particular places through human interactions with one another and the environment. These can be cultural traits such as language, religion, typical clothing, and types of food consumed. For example, a typical breakfast in Salt Lake City, Utah, is bound to be different from that in Lagos, Nigeria. Another realm of human characteristics is that of human political structures—the types of social organization people use in a particular place. Of course, this varies by country—Canada has a parliamentary system, and China is a single-party communist state. However, political structures and systems also change on much smaller scales. Some towns have mayors and town boards. Cities might have a council or city administrator. Certain places have single-vote democracy, whereas others use rank balloting. Humans also develop economic systems and norms in a place. For a long time in U.S. cities, the downtown area was the hub of all commerce and shopping activity. Today, suburban malls are more the norm. Finally, the density and distribution of people is also a characteristic that helps identify a place. Tokyo, Japan, is known for its high population density; Plainview, Minnesota, not so much.
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It is the combination of both human and physical characteristics that give meaning to a place. People’s identities are tied to certain places. Most readers probably have a fondness for their childhood home. Similarly, people are influenced by the culture of their hometowns and native countries. Identity is very often place-based, stemming either from our own experiences in a place or what we have learned about a place through media exposure. National pride is a prime example of place-based identity; it largely represents an emotional affinity for the land and people where one lives. When pride transforms into the intolerant ideology of nationalism, however, it frequently becomes something more violent. Nationalist conflict results from several groups of people having an affinity for the same place and not respecting the other group’s right to also have their identity in that place.

The only steadfast rule about places is that they constantly change. Places are constantly undergoing transformation. The physical landscape of a place’s site can erode via climate or be demolished via bulldozer. Earthquakes, volcanoes, floods, tornados, hurricanes, and other natural disasters can totally change the composition of a place in minutes. Climate shifts can also change the nature of a place. Drought can completely transform a lush landscape, turning it into a desert. Proximity to the equator combined with altitude will also have an impact on the nature of a place—as one moves higher, it gets cooler, regardless of where one is on the surface of the earth.

Though the environment certainly has an impact on all places, few things change the nature of a place as quickly as human activity. Migrations—local, national, and international—constantly bring new cultures and ideas into contact with one another. Conflicts over territory constantly shift political borders. Technologies and social concepts developed in one place (e.g., the Internet and social media) spread to new places and quickly embed themselves as part of the local sense of place.

Place change is felt most acutely at the local level when larger numbers of people move or induce drastic change. When one or two immigrants come to a community, people rarely notice. However, when hundreds or thousands arrive, often carrying with them different cultural values, changes can be dramatic and confrontational. For example, after Hurricane Katrina, thousands of refugees from New Orleans spread throughout the United States. The Syrian conflict of the mid-2010s has raised ethnic tensions in surrounding nations due to the influx of refugees pouring into Turkey and the rest of Europe. When a small community is suddenly connected to a larger city via a new highway, the small community may experience an influx of people wanting to move out of the city. Humans also tend to rearrange nature in order to make use of territory, as tribes in the Amazon have found out when people burn the forest for grazing. Finally, economic shifts will also result in massive migration. In the 1900s, in the United States, there was a Great Migration from the South to the North due to a need for workers in industry; now, there is an exodus from the North to other places, as the Rust Belt (the upper Midwest) has fallen into economic decline.

TYPES OF REGIONS

Can you explain where someone can find the “Midwest”? It is difficult to say exactly where the Midwest is, because it is a region. Most regions are not defined by boundaries drawn on maps but are instead areas of land sharing historical, social, and environmental characteristics.

Regions are social constructs; they are perceived by people but do not exist in reality. People think of places as regions, because it is easier to make sense of the world by grouping areas that are similar to one another into larger categories. One thing that cannot be overlooked when talking about regions, however, is that their boundaries are rarely clear. A region comes to an end when many of the characteristics of the region cease to be present. The types of characteristics that help us identify regions include economic systems, political values, social norms, landscape, climate, ancestry, place in history, building styles, flora, fauna, and so forth.

All people talk about the world around them using regional terminology to some extent; however, many geographers use more rigorous definitions of regions to conduct scientific analyses of people and place. Regional geographers have broken the world down into a two-tiered system based on realms and regions. A realm is larger than a region. It is used to categorize large areas of the earth’s surface based on broad cultural and environmental norms. For example, the North American realm consists of the United States and Canada. (Note that realms rarely follow the geologic continents. The North American continent includes about a dozen more countries.) This realm was created by geographers for a variety of reasons. For example, Canada and the United States share roots in Anglo-Saxonism, the English language, Christian religion, capitalist economics, democracy, and free trade. Two other examples of realms include sub-Saharan Africa and North Africa and the Middle East. Sub-Saharan Africa is predominantly Christian, separated from North Africa by the Sahara, and has a very different history, both colonially and precolonially, from North Africa. Generally, along the border of the world’s realms, one will find major conflicts, because where realms meet, cultural differences and values will clash. Thus, some of the world’s biggest geopolitical hotspots can be found along the divide between North Africa and sub-Saharan Africa (Nigeria, Darfur, Southern Sudan, Chad, Somalia), between Europe and Russia (Ukraine and Belarus), and between the Middle East and South Asia (Pakistan and Afghanistan).

Regions are found within realms. Regions are smaller and share unique characteristics from the larger realms they are found within. New England, the Pacific Northwest, and the Southwest are examples of regions. So too are the Bible Belt, Dixie, and the Rockies. All these regions are found within the North American realm, yet each is quite distinct from the other. Moreover, regions frequently overlap; places can belong to many different regions depending on what geographers are analyzing. For example, Jackson, Mississippi, is both in the Deep South and the Bible Belt. The two regions are not synonymous. The Bible Belt is characterized by a prevalence of Baptist and evangelical churches. The Deep South is characterized by its historical ties to plantation agriculture, slavery, the civil rights movement, and dialect.

To make sense of different regions, geographers break them down into three different categories: perceptual, functional, and formal. Perceptual regions are those that have been discussed thus far. They have fuzzy (unclear) boundaries. These regions are noticeable for the characteristics they comprise and because these characteristics are different from the other regions around them. Functional regions are more structured. Functional regions are those that are tied together via some type of useful integration. For example, most “city buses” or commuter transportation services actually go beyond a single city’s limits. An urban bus system typically connects suburbs and other peripheral regions around the city to a downtown area. Perhaps it even connects an airport that is 30 miles outside of the actual city. This would be an example of a functional region—a region that functions as a cohesive whole. Almost all large metropolitan areas are functional regions. Sometimes they are given regional names that apply to them, like the Twin Cities, the Dallas–Fort Worth area, and the Quad Cities. Finally, formal regions are those that do have distinct boundaries. States, counties, biomes—these all have delineated boundaries that can be accurately mapped. Just because regions can be accurately mapped, however, does not mean they will not change.

All regions change over time. People move; relationships shift; and regional characteristics shift, disappear, or mutate. Borders change very frequently; cities annex nearby townships, counties split into new counties, and new countries come into existence as others disappear entirely. Changes in the environment frequently induce regional shifts both in economics and population. Climate change is pushing deserts into former agricultural regions and shifting the types of trees that can grow in others. New highways, railways, and integrative networks are created over time, bringing new areas into functional regions and often leading to suburban sprawl. Finally, and most importantly, people’s perceptions of regions and realms change. Fifty years ago, the Rust Belt (roughly northern Indiana, Ohio, Michigan, and western Pennsylvania) was the heart of American economic might. Today it is known for chronic underemployment, loss of manufacturing, and serious economic malaise. Who knows, though—given forthcoming environmental changes, it may wind up being known as a migration destination due to all of its water resources.

PLACE AND HUMAN PERCEPTION

“Place” is a word that we use all the time. But what is a “place”? Geographers have a vested interest in studying the concept of place, and many detailed definitions of what place means have been developed over the years. Regardless of which definition is used, a place is always partially described as a part of the environment given meaning through people’s interactions or beliefs. The main difference between space and place is that space exists whether humans are around or not; without human perception, there is no such thing as place.

Places are perceived through human interaction, including personal experience and media exposure. For example, your home is a place full of human interactivity. You interact with your parents or guardians, siblings, and, if you are making too much of a ruckus, potentially your neighbors. To most people, your home is not necessarily a place of much significance; at most, it is a dwelling on a satellite image. To you, though, a home will have far more emotional meaning because of your intimate history there. Thus, places are defined by human interactions, but one’s perception of a place is also very private—everyone will have slightly different perceptions of the same places.

Though private, most people’s perceptions of place are shaped through the media they consume. Most people have extremely little first-hand knowledge of the larger world around them. However, when people read or watch media, impressions start to form about different places. Garnering information about a place via media can be both a positive and a negative force in our lives. Depending on which media you are exposed to, you may formulate extremely biased and largely inaccurate perceptions of places. Media may forge stereotypes about places that simply are not true. For example, if you have never been to Chicago, you may have a perception of it as a violent, dangerous city, because historically it was home to Al Capone and, in more recent times, Chicago often receives media coverage of incidents of gun violence. However, anyone who has been to Chicago in person would notice that the crime is largely confined to certain neighborhoods, and much of the city is very clean and safe. If someone has never been to Chicago but has watched numerous gangster movies and watches the news, their perception of the place will be very different from that of tourists shopping in downtown Chicago.

Beyond stereotyping, differences in perception can lead to monumental geographical conflicts. For example, most people would recognize Jerusalem and the area around it as a place. However, what should this place be called? Those of a certain background or growing up in particular countries would probably refer to it as Israel. Others, educated in different places, might refer to it as Occupied Palestine and others still simply as “the Holy Land.” Jerusalem is significant to many people who do not live there, and the importance of the place changes drastically depending on whom you ask. The conflict between Arab and Jewish populations over who should “own” or “manage” Jerusalem is a place-based conflict. People are arguing over what the place should be due to different perceptions of why it is important as a place.

Numerous formal regions, often referred to as unions or alliances, have been forged around the world based on country proximity and shared interests. The North Atlantic Treaty Organization (NATO) is a U.S.-backed military alliance based in Belgium. It was formed during the Cold War to thwart a perceived communist threat from the Soviet Union. Now that the Soviet Union is gone, NATO still exists and has expanded to include Eastern European countries and former Soviet Republics (i.e., Latvia, Lithuania, and Estonia) that want to be integrated into the Western powers’ military sphere of influence. Economic unions are also regularly forged among neighboring countries. Examples include the European Union and the United States–Mexico–Canada Agreement (USMCA), which help countries pool their resources to better compete in the global market.

Humans do not only interact with one another. Perceptions of place are also created through people’s interactions with the environment. In many places, the environment comes to dominate the definition and meaning of a place. For example, the main things most people who are not from Hawaii associate with the place are probably islands, oceans, and volcanoes. Not only are these environmental characteristics of Hawaii emphasized in popular media portrayals, but over the past millennium, Hawaiian residents have also had to adapt to these environmental features to survive and thrive. Perceptions of place are often environmentally shaped. What characteristics of place come to mind when you hear Alaska, Minnesota, or Wyoming?

Finally, perceptions of place play a large role in shaping our identities. When people speak about identity, they are often speaking about belonging to a place. Sometimes our identities are based on places where we have never even been; they are based on the concept of place. In the United States, it is common to hear citizens say that they are Mexican, Norwegian, Irish, African, Chinese, or Korean, based on the origin of their ancestors. Notice that these ethnic identities are all based on real places. Meanwhile, most U.S. citizens call themselves Americans.

In sum, without people and their feelings, places do not exist. Places are created via human interactions—interactions with one another, the environment, and media. Just as importantly, perceptions of place are never permanent. Our perceptions continually change through experience and exposure. Places themselves also change, leading to reevaluations and new perceptions. Right now, the United States is considered by most economists as a relatively wealthy place to live. Five hundred years ago, economists’ perceptions of this area would have been far different.

Ian Muehlenhaus
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CULTURAL GLOBALIZATION

There is little doubt that globalization is having an impact on the cultures of the world. Through technology, information, symbols, images, values, and beliefs can be transmitted across the globe nearly instantaneously. Thanks to satellite communications, computers, and the Internet, information possesses a global reach. The rise of global communication has led to an increase in cultural interaction. Diverse and distinct cultures now come into contact with cultural messages and norms that were once beyond their perception.

Cultural interaction can have the effect of altering the beliefs and norms of others. Cultural interaction and the cultural change produced by it have created a situation of cultural “hybridization”—or “mixing.” An example of cultural hybridization is the way much of the world’s population has embraced American pop culture. Blue jeans, soft drinks, movies, music, and celebrity icons have become popular the world over. The spread of American pop culture is a form of cultural globalization that has resulted in cultural hybridization.

The impact of globalization on culture is contentious. Neoliberals argue that the globalization of culture leads to improved standards of living provided by a modern consumerist lifestyle. Institutionalists believe cultural globalization can lead to better networks of understanding and cooperation. Critics argue that cultural globalization leads to cultural homogenization—or making all cultures the same or similar—and is a process of cultural imperialism.

      Neoliberals on Cultural Globalization

Neoliberals consider cultural globalization to be a positive process allowing free markets to diffuse the best ideas. These ideas are the best because they compete in a global “marketplace of ideas.” This view contends that individuals have freedom of choice in deciding what ideas to consume and which to ignore. It follows that if imported cultural norms are embraced by a particular culture, this culture has expressed its preference in embracing new norms over traditional ones.

[image: image]

McDonald’s restaurant in Bangkok, Thailand, 2012. There are over 160 McDonald’s restaurants in Thailand offering up a similar menu to U.S. McDonald’s, with the addition of a few Thai favorites like corn pie and milky tea. The U.S. chain has diffused, or spread, to more than 100 countries, bringing American fast food, with some local twists, to people around the world. (Paul Prescott/Dreamstime.com)

Neoliberals believe consumers should be allowed to choose what cultural norms they will embrace, as this represents an expression of individual freedom. Neoliberals also cite the progressive nature of free market capitalism in providing better incomes and higher standards of living. Cultural globalization can export free market capitalism to people who have yet to fully embrace its premises, and it can help others understand how free markets can be beneficial. In this view, cultural globalization can export the “American dream.” This provides the poor with the hope for a better future in an economy that allows for social advancement and upward mobility through the social classes.

The cultural hybrid that results from cultural globalization instills the acceptance of the modern lifestyle. Successfully adopting the modern lifestyle encourages other cultures to participate and become more deeply interconnected with economic globalization.

      Institutionalists on Cultural Globalization

Institutionalists regard the spread of information as an overall benefit to humanity. Communication between diverse cultures has the positive effect of creating a better environment for cooperation among distant peoples. Intercultural communication could lead humanity to a basic understanding of a “world ethic” achieved through intercultural dialogue. This view is representative of cosmopolitanism—a hopeful view that increased communication and understanding can create universal values among diverse populations.

Some institutionalists have a more pessimistic view of the effects of cultural diffusion on globalization. Samuel Huntington, for example, argues in The Clash of Civilizations that cultural incongruity in the age of globalization will be a primary source of international conflict in the future. This thesis argues, for example, that Islamists may be motivated by a rejection of what they perceive as a decadent Western culture. A founding philosopher of the Islamist movement, Sayyid Qubt (whose brother was a teacher of Osama bin Laden), considered Western culture an expression of schizophrenia that infected the Islamic mind (Berman 2003). Islamists see the globalization of American culture as a threat to Islam itself. These ideas have gained support in the post–9/11 world.

Cultural conflict, however, does not have to take the dramatic and violent form of terrorism versus a “war on terrorism.” Cultural conflict can be seen in the rejection of many French people of the fast-food culture exported by the United States. Many French citizens consider fast food a culturally based culinary disaster. This being said, however, many fast-food companies based in the United States have gone global and have experienced great success. One can now buy a McDonald’s Big Mac in Moscow, Shanghai, and Paris.

Institutionalists are also skeptical of the real impact and importance of cultural globalization. The diffusion of American pop culture may not be as important as is often claimed. Cultural globalization may be surface level and trivial. This view argues that cultural artifacts diffused by globalization are mere tokens that do not affect the basic foundations of diverse cultural traditions. The spread of blue jeans, pop culture, and celebrity icons may not be very important at all—they may be mere fads that have little effect on the cultures of the world. This may be true, but it begs the question of what effect these cultural artifacts and norms have on the United States itself.

In short, institutionalists disagree about the actual impact and importance of cultural globalization, which can have negative or positive impacts. Most institutionalists stress the importance of promoting and advancing intercultural connections that foster greater understanding and cooperation among global actors. It is cultural interaction that can diminish the threat of conflict and offer solutions to collective problems.

      Critics on Cultural Globalization

Critics view cultural globalization through a more negative lens. The critical view regarding cultural globalization focuses on two primary concepts: cultural imperialism and cultural homogenization. Cultural imperialism refers to the efforts of dominant cultures to control information and communication in an attempt to subvert cultural norms and traditions. Cultural imperialism causes cultural homogeneity, or a decrease in cultural diversity; thus, cultural diversity is replaced by global cultural standardization and uniformity. Cultural imperialism and homogenization, according to critics, are strategies intended to dominate the meaning and interpretation of social, economic, and political forces. The goal is to minimize cultural rejection of foreign norms.

Critics argue that modern information and communication are controlled by multinational corporations. These corporations have an interest in privileging certain interpretations of social reality over others. Those based in developed countries consciously pursue cultural globalization as a mechanism to dominate others. This domination of social reality is designed to diminish and thwart resistance to economic globalization.

In previous eras, cultural imperialism took the form of coerced education of indigenous peoples and religious missionary work. The intent of these strategies was to impose the dominant culture’s values on those whom it had colonized. In the era of globalization, modern satellite technology, radio, and television allow multinational corporations to control interpretations of social reality that best fit their interests. Cultural imperialism takes place by means of ideological indoctrination. Beliefs and attitudes are instilled in the culture, affecting its norms, values, and aspirations.

Cultural homogenization, according to critics, favors modern consumerism over traditional knowledge. The emphasis on modern consumerism diminishes global cultural diversity while creating a world of homogenous cultural clones.

The global media, dominated by multinational corporations, exports homogenizing symbols and images meant to create a passive and obedient culture. This type of culture accepts its own domination as good, natural, and even necessary. This critique implies that a fantasy world is created where people’s thoughts and actions are diverted from meaningful issues. Those subjected to homogenized culture spend their days speculating on the lives of movie stars and other pop icons, so caught up in a fantasy world that they seldom concentrate on the political and social reality in which they exist.

Cultural globalization is a complex issue characterized by disagreement and uncertainty. It is an ongoing process; its effects on diverse cultural realities are still unfolding and remain uncertain—with positive and negative aspects, depending on one’s point of view.

Justin Ervin and Zachary A. Smith

See also: Acculturation; Cultural Convergence; Cultural Hearth; Diffusion, Cultural

REALMS AND CONFLICT ZONES

Realms are large regions that share broad characteristics, like religion, politics, economics, physical geography, and/or a collective history. A few examples of Earth’s realms include Europe, sub-Saharan Africa, North America, and Russia. When neighboring realms have differing characteristics, conflicts can result. These conflicts often happen on the borders of the realms where different economies, cultures, ethnicities, political systems, and historical memory clash. These potential conflict zones between realms are known as geopolitical hotspots. Hotspots aren’t always on the borders of realms, but they are often found there. These kinds of geopolitical hotspots can be contentious due to various kinds of grievances, such as environmental and trade disputes, cultural differences, concerns over treatment of ethnic groups, or concerns over military defense build-ups. Often, if these grievances aren’t resolved, military conflict can ensue in these hotspots. The history of conflict between Ukraine and Russia provides a good example of ongoing tension between neighbors in a geopolitical hotspot.

      Ukraine and Russia

One example of a geopolitical hotspot, or conflict zone, is the boundary area between the Russian and European realms. The Russian realm is the only world realm that consists of a single country. It is immense—it spans 11 time zones and contains several regions within it. There are a number of different cultures within Russia, but most non-Russian cultures live along the realm’s borders. These include Armenian, Turkic, Ukrainian, and Azerbaijani peoples. Ethnic Russians live in the more densely populated area west of the Ural Mountains. The Russian realm shares a border with 14 other nations and 4 other realms, which creates the potential for many geopolitical hotspots along Russia’s borders.

Ukraine sits on Russia’s southwestern border, and some scholars have translated its name to mean “borderland” in the early Slavic language. It was once the heart of the powerful state of Kievan Rus, which extended from the Baltic Sea to the Black Sea at its height in the 11th century and included modern Ukraine and Belarus, as well as parts of modern Russia. Following the decline of Kievan Rus, Ukraine was ruled by different powers, including the Mongols, the Ottomans, Poland, Lithuania, Russia, Austria, and the Soviet Union. The Russian Empire solidified its control over most of Ukraine in the late 18th century, seeking to “Russify” the region by promoting Russian language and culture. By the early 20th century, Russia, now the Soviet Union, had full control of Ukraine, and the region became one of the original republics of the Union in 1922. Under Soviet control, agriculture was collectivized, intellectuals were killed, and the Ukrainian Orthodox Church was destroyed. In the 1950s and 1970s, Ukraine endured further campaigns to “Sovietize” its population. With the collapse of the Soviet Union, Ukraine declared independence in 1991. It has, however, had a difficult time recovering from the long legacy of Soviet control.

      Political Conflict

Since independence, Ukraine has been at the center of a game of tug-of-war between the European and Russian realms. The country is culturally and ethnically mixed due to its long history of alternating allegiances. It is torn between two realms that attempt to influence its politics and loyalties economically as well as militarily. In the 21st century, Ukraine has wavered between the financial benefits of becoming a member of the European Union and remaining loyal to Russia, which had been supplying the country with large amounts of financial aid. Public unrest over Ukrainian president Viktor Yanukovych’s close ties to the Russian government in 2014, however, led to his ouster and aligned the country more closely with Western powers.

      Cultural Conflict

While Yanukovych’s ouster was popular with much of the Ukrainian public, especially those in the capital of Kiev, not all Ukrainians supported it. Like many countries on the borders of realms, Ukraine hosts a diverse ethnic population. Not only are there ethnic Ukrainians and a number of smaller ethnic groups, but there is also a significant Russian population. There are ethnic Russian enclaves in the Crimea region of Ukraine, along with a few other areas in eastern Ukraine. These populations favor closer economic and political ties to Russia.

In a referendum, or vote, held in Crimea, shortly after Yanukovych stepped down, Crimea’s voters chose to secede from Ukraine. Crimea, in addition to supporting a large ethnic Russian population, is also of strategic importance to Russia: it guards the opening to the Sea of Azov, which has both Russian and Ukrainian shipping ports. Following Crimea’s vote, Russian president Vladimir Putin lost no time in annexing Crimea, essentially taking it and making it a part of Russia. He reasoned that Russia was protecting Crimea’s Russian population from a new, pro-Western Ukrainian government that might not respect the rights of the minority population. Russia also gained territory of strategic economic and military importance in the annexation.

      Conflict over Natural Resources

The annexation of Crimea to Russia heightened tensions between the European and Russian realms, however. The European Union and the United States, which have a clear historical preference of keeping Russia “contained” (or within its historical borders), immediately imposed sanctions on Russia. The sanctions served to further aggravate tensions between Russia and the West but have not stopped Russia from supporting other pro-Russia areas of Ukraine.

In 2018, Russia, intent on asserting its control over Ukraine, chose to do so by dominating the two countries’ shared natural resources. Natural resources are always a potential point of disagreement between countries that must share them. Disagreements can occur over such issues as how much of the resource each country uses, how a country might modify that resource to the detriment of others, or whether one country decides to exert control over the resource.

In addition to a land border, Russia and Ukraine share the Dnieper River, the Black Sea, and the Sea of Azov. In May 2018, Russia built a bridge from Russia to Crimea over the Kerch Strait, which connects the Sea of Azov to the Black Sea. All ships leaving and entering Ukrainian ports on the Sea of Azov must pass under this bridge, and its size limits the types of ships that can pass under. Several months later, Russian ships fired upon and seized three Ukrainian naval ships that were attempting to reach Ukraine’s port of Mariupol in the Sea of Azov. These coercive tactics have affected Ukraine economically and even politically and have further escalated tensions between not only Russia and Ukraine, but also the greater European and Russian realms.

The conflict between Russia, Ukraine, and Europe is complex, having developed over centuries. Russia and Ukraine have a long, shared history. Ukraine, while leaning toward Western culture and economic practices, still has Russian elements to its society, not the least of which is a significant Russian population. It is pulled in two different directions as a point, or country, of contention between Russia and the West—and both realms are attempting to win influence.

Like Ukraine, many regions along the borders of realms are conflict zones or geopolitical hotspots. They are on the frontlines of clashes in economies, cultures, ethnicities, political systems, and historical memory. Turkey is another country torn between realms. It sits at the confluence of the European, Russian, and North Africa and Southwest Asian realms. In the 20th and 21st centuries, it has traded political, economic, and military allegiances between the West and Russia. Culturally, Turkey is torn between the West and the Middle East. Pakistan and India sit on the border of the North African and Southwest Asian realm and the South Asian realm. The two nations share some cultural similarities because they both were once part of British India, but they now have vast religious and political differences and long-standing historical animosity. On the North American continent is the tension on the U.S.-Mexico border. Mexico is part of the Middle American realm, and the United States is part of the North American realm. Although their border region hasn’t had military conflict in recent history, it remains a region of clashing economies, cultures, ethnicities, and historical memory. Conflict at the borders of realms is a perpetual part of history and will continue to play an important part in international relations in the future.

Julie Dunbar

See also: Boundaries; European Union; Heartland Theory; Realms; Regions: Formal, Functional, and Perceptual; Shatterbelt

FREE TRADE AGREEMENTS

Free trade is international or domestic trade not controlled by the government or discouraged by the imposition of tariffs or taxes. Internationally, several groups of nations have formed or begun to form free trade associations that lift restrictions on the passage of goods over international boundaries.

International trade has become an integral part of the world economy over the past few decades. Today, $16 trillion worth of merchandise are traded between nations, and nearly $5 trillion worth of commercial services are exchanged between countries. Free trade is the movement of goods and services across national borders without any restrictions, taxes, or barriers imposed by either the exporting country or the importing nation. Another characteristic of free trade is the unhindered movement of labor and capital across countries.

During the 17th and 18th centuries, “mercantilism” was the prevalent philosophy regarding international trade. Mercantilists believed in encouraging exports and restricting imports. Trade was a means of drawing money into a country: goods went out, and cash payments came in. In the late 18th century, economist Adam Smith questioned mercantilist policy. He argued that unrestricted trade improved a country’s welfare by encouraging production where costs were lowest. This would result in a larger quantity of goods produced in the world. With more goods available at a low price among nations, each participating country would benefit. Adam Smith provided the early rationale for free trade. However, it was not until the work of David Ricardo, early in the 19th century, that the true importance and benefits of unrestricted international trade would be known.
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A French container ship docked in Hamburg, Germany, 2014. Free trade is when countries agree to trade without any restrictions. Often, when countries trade with other countries, they will impose tariffs, or taxes, on goods that are coming into their country to be sold. When there is a free trade agreement in place, those imports are not taxed. In Europe there is a free trade union called the European Union, in which all 27 member countries, including France and Germany, can trade with each other free of any tariffs. (Adam Wasilewski/Dreamstime.com)

The early case for free trade was based on the fact that countries would benefit from specialization and exchange. In other words, each country could specialize in producing a good cheaply and then exchange it with other nations specializing in producing different goods cheaply. This division of labor would allow each country to have access to a greater range of goods. Specialization would enhance productivity as each country would be able to produce a larger quantity of those goods. Rising productivity, which is the ability to produce more with the same resources, would lead to greater living standards for all countries engaged in trade.

This arrangement sounds simple, but in practice, it is far more complex. The theoretical argument in favor of trade is based on overall gains for a country, but the benefits of trade are not distributed evenly within a nation. Also, entire industries do not move to the cheapest place of production; some remain in less ideal places. Industries forced to compete with cheap imports from “ideal” nations tend to become worse off due to free trade and typically oppose it. Also, the market for goods and production situations is not stable; changes can mean that the best place to produce a good may change, or demand may fall, resulting in loss of jobs as production moves on to a better place or slows down.

In addition, some nations will cheat in an effort to give their nation an advantage. Because industries have to adapt and adjust to these problems, governments must address the costs. Governments have responded to the costs of free trade in several ways, including by imposing partial restrictions on trade, providing compensation to those affected by market forces, and providing assistance to affected industries. Policies toward trade have included tariffs (taxes) on imported goods, restricting imports, subsidies, and a host of technical and regulatory standards. Governments have justified the use of these policies on the basis of protecting developing industries, generating revenue, and countering unfair trade practices of other countries.

      The Free Trade Debate Today

Poor trade practices exacerbated the Great Depression of the 1930s, which wreaked havoc on many industrial economies. After World War II, many nations, led by the United States, decided to commit to free trade to prevent more economic disasters. Several international trade organizations were established, including the General Agreement on Tariffs and Trade (GATT). GATT was designed to knock down the barriers to free trade. The first round of negotiations occurred in Geneva in 1947, at which 23 countries agreed to reduce tariffs by an average of 21 percent. There have been nine rounds in all over the years, each achieving further reductions in tariffs and creating a more open trading environment. The Uruguay Round, from 1987 through 1994, was the most important one as it achieved significant reductions in trade restrictions and paved the way for establishing the World Trade Organization (WTO). Since 1995, the WTO has been responsible for monitoring trade policy rules and agreements, handling trade disputes, and further reducing trade impediments. It has more than 160 members, which accounts for over 97 percent of world trade.

A number of regional free trade alliances have also been developed. The WTO reports that 287 regional free trade agreements were in force in 2018. These include the Association of Southeast Asian Nations (ASEAN), a trade partnership among 10 Southeast Asian nations; Mercosur, or the Southern Common Market (Mercado Comun del Cono Sur–Mercosur), a customs union among 12 South American countries; and the Eurasian Economic Union (EEU), a trade alliance between Russia, Belarus, Kazakhstan, Armenia, and Kyrgyzstan. In 2018, the United States–Mexico–Canada Agreement (USMCA), which replaces the North American Free Trade Agreement (NAFTA), was finalized. Each of these agreements provides preferential treatment to member nations, such as reduced tariffs and favorable market access. Those nations, however, that are also members of the WTO must ensure that the regional agreements complement, rather than act as a substitute for, WTO agreements, which facilitate trade with a larger number of nations.

A controversy on regional free trade agreements arose in 2016, when the United Kingdom held a vote on whether or not the country should leave its trade alliance with the European Union. A close majority of British voters chose to exit the alliance in what became known as “Brexit.” This was the first time a nation had chosen to leave the alliance, which had been in existence for nearly seven decades. The union allows people and goods to move freely about member countries, as if the member countries were one. Exiting would make it more difficult for British citizens to live, work, and travel to other EU countries and would ended free trade between the U.K. and the EU. In other words, separating the U.K. from the EU economy would not be an easy task and, indeed, has proven to have economic and political consequences.

One issue in particular involved the border between British Northern Ireland and the independent Republic of Ireland, which remains in the EU. The U.K. wanted to avoid a hard border between the two because the two regions are so interconnected that virtually no border exists now. There are many people who live on one side of the border and work on the other. A hard border would reintroduce customs and other checkpoints that had disappeared after the 1998 Good Friday Agreement, which brought peace between the two regions. The EU, however, desired some kind of customs checks on goods entering the Republic of Ireland to prevent the smuggling of these goods into other EU countries from the Republic of Ireland.

The International Monetary Fund predicted, in 2018, that the U.K.’s economy would suffer some damage by leaving their trade union with the EU, no matter the terms of the agreement, and the U.K.’s best hope was to establish a new trade relationship with the EU as soon as possible. As of late 2018, an agreement had been reached that involved a temporary customs agreement for the border between Ireland and Northern Ireland and a two-year transition period to ease the U.K. out of the EU and into a position to form a new trade relationship with the EU. However, not all members of the British Parliament were happy with the agreement, because it involved a lengthy transition out of the union, rather than a clean break. This dissatisfaction with the Brexit agreement led to an attempt to oust British prime minister Theresa May, who negotiated the agreement with the EU. (The ouster attempt was unsuccessful.) The U.K.’s exit also spurred threats from Scotland to hold another independence referendum, as many Scottish voters prefer to remain in the EU. Despite the economic benefits of free trade—as well as the disadvantages of exiting a free trade agreement—it remains controversial and unpopular in many countries. While the benefits to the world economy are clear, at the national or local level, free trade can cause hardship. These negative effects tend to be much more visible than the advantages. Many attempts to reduce or remove barriers to trade, whether on a regional level like the European Union or globally through the WTO, is met with resistance and protest. This response is, in large part, a backlash against globalization and its negative consequences.

Ashish Vaidya
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OVERVIEW

Though geography is often concerned with the human experience and how human interactions occur across space, the existence of our species is dependent on the planet Earth. Earth is a giant environmental system—a machine comprised of numerous parts and processes that make it the place it is today. All parts of the system interact with one another. Changes in the atmosphere will impact water levels across the surface of the earth. A violent volcanic explosion will impact the biology of the surrounding area and, likely, areas thousands of miles away. Cleared swaths of forest will result in atmospheric changes due to a change in the amount of oxygen being produced by trees. Everything is interrelated.

You can think of physical geography like a bike. A bike is made up of a series of systems that work together—frame, wheels, gears, pedals, brakes, chain, etc. If any of the systems stops working properly, it affects the operation of the bike’s other systems. For example, if the gear shifter gets jammed, one’s speed becomes limited, no matter how hard one pedals. If the bike chain comes off, accelerating without the help of a hill becomes impossible. If the brakes get wet, they will cease to function effectively, and one may not be able to stop as well as usual. Physical geography is the bike. It is composed of numerous systems. When something changes in one system, it necessitates changes in the other systems. This, in turn, will create yet more change in the original system that began it all. As you will see, studying physical geography and its systems is a very exciting and dynamic endeavor; it requires studying environmental processes and the impacts processes have on other processes.

PHYSICAL SYSTEMS

Physical geography is such a broad topic concerning so many different elements that geographers break it down into four interdependent physical systems—the atmosphere, hydrosphere, lithosphere, and biosphere. The atmosphere system is concerned with everything to do with air, winds, and climate. It can be thought of as the physical system occurring above the ground. The hydrosphere system is concerned with all things water—oceans, rivers, lakes, glaciers, and ice. The lithosphere emphasizes the planet’s geology, focusing on the earth’s crust and soils. Finally, the biosphere is life; all living things are part of the biosphere.
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The four physical systems on Earth are the atmosphere, hydrosphere, lithosphere, and biosphere. Earth’s atmosphere extends from the Earth’s surface to about 6,200 miles. Earth’s hydrosphere includes all the water on the planet, including all water that is on the surface, in the air, and underground. The lithosphere is the rocky surface of Earth and the biosphere is all living matter on Earth, including plants and animals. The interaction of these systems with one another creates all of the environments on Earth. (ABC-CLIO)

Though these four systems are easy to divide in theory, they are far more complicated to separate in reality. In fact, it is the interaction of these four systems with one another that creates all of the unique environments on Earth. For example, different climates have different precipitation levels and temperature norms. Different precipitation levels interact with the varying soils of the earth, resulting in different biomes, or patterns of vegetation, occurring across the earth’s landmasses. Landmasses, generally considered part of the lithosphere, play a significant role in the atmosphere and hydrosphere. For example, mountains and valleys affect wind patterns, and the topography of the land will induce different types of precipitation, including: convectional (generally near the equatorial region), orographic (caused by warm air moving over mountains), and frontal (warm air and cold air running into one another).

The one thing to know about these four systems is that they are constantly interacting and changing one another. Precipitation and wind inevitably result in soil erosion and new deposits being created elsewhere. The constant movement of tectonic plates results in mountains and rifts becoming larger or being created. In the case of Iceland, plate movements are resulting in an island being ripped in half.


 




To learn more about physical geography, please see these entries in Part II of Geography Today:

        •     Anthropogenic Global Warming

        •     Biodiversity

        •     Biomes

        •     Chaparral

        •     Desert

        •     Desertification

        •     Droughts

        •     Ecosystem

        •     El Niño and La Niña

        •     Erosion

        •     Forests

        •     Glaciers

        •     Greenhouse Gases

        •     Plate Tectonics

        •     Tundra




 



Of course, humans are also part of the overall physical system, the biosphere. Our actions are not separate from or external to the rest of the planet. Natural and human-initiated changes in one sphere will affect many others. Deforestation and poor farming practices can lead to desertification—the turnover of once arable land to soil that cannot support significant amounts of life. Carbon dioxide and methane emissions from humans, volcanoes, and cattle result in long-term climate change and ozone depletion. Volcanoes—caused by plate movements in the Earth’s crust—not only emit poisonous gases and ash but can also wipe out local fauna, foliage, and societies. Weather pattern shifts in one area, such as El Niño, can have a domino effect, leading to drastic and unforeseen changes in other areas. El Niño patterns over the Pacific Ocean, for example, can lead to flooding, droughts, and temperature changes across North America. In turn, droughts in certain areas may lead to forest fires. Water erosion over millions of years creates canyons; the sediment washed downstream creates large deltas. Glaciers, constantly creeping back and forth across the landscape throughout time, have the power to scrape out large basins and create unique features like the Great Lakes of North America. They also leave behind large amounts of debris as they recede. Again, change is inevitable and constant; there is no “natural” state of things. The only state in nature is constant change.

Because many of the physical processes that geographers are interested in occurred long ago, scientists investigate by looking for telltale signs of their existence. For example, one can spot tectonic plate activity by looking for mountain ranges and rift valleys, such as the Himalayas, the Andes, and the Great Rift Valley. The alluvial plains of the Ganges and Yellow rivers in Asia or the Nile in Africa provide stellar examples of depositional (soil depositing) flooding. The extent of previous glaciation can be determined by looking for lakes surrounded by drumlins and other remnants that glaciers leave behind. The pattern of islands, such as those making up the state of Hawaii, can be linked to shield volcanoes. New islands are created as the Pacific plate moves across a “hot spot” underneath the ocean’s surface.
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Map depicting Earth’s tectonic plates. Earth’s crust is divided into a number of different plates that move very slowly, causing earthquakes and volcanoes, as well as mountains, folds, and faults. Plates exist underneath the world’s oceans, as well as underneath land masses. (ABC-CLIO)

CLIMATE AND WEATHER

Understanding climate (long-term atmospheric conditions) and weather (short-term atmospheric conditions) begins with the relationship between the earth and sun. Indeed, there are several unique traits about this relationship that make Earth’s climate so hospitable to life compared to the other planets in our solar system. This relationship is the reason we have such variation in climates.

Every 365.25 days, Earth completes an orbit, or revolution, around the sun. This revolution is not circular but rather in the shape of a giant ellipse. Thus, in December and January, Earth is closer to the sun than it is in June or July. Fortunately, this variation in distance from the sun plays a relatively small role in Earth’s climate patterns. Therefore, in the northern hemisphere the months of July and August are the warmest, even though we are farther from the sun than during the winter months.
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This map shows day and night during the summer solstice in the northern hemisphere and winter solstice in the southern hemisphere. Over the course of the day, half the Earth will always experience daylight (in this case the eastern hemisphere) and the other half darkness (western hemisphere). Due to the tilt of the Earth, the northern hemisphere experiences more daylight in summer over the course of the day, whereas the southern hemisphere experiences more darkness. During the northern hemisphere winter solstice, the exact opposite occurs. (ABC-CLIO)

In fact, Earth’s four seasons have little to do with distance from the sun at all; they are due to our planet’s axial tilt. Axial tilt refers to the fact that Earth’s axis (its centerline from the North Pole to the South Pole) is angled. In fact, our whole planet is tilted 23.50 degrees. Due to its uneven keel, Earth’s revolution around the sun creates different climate patterns. From September 23 through March 20, the southern hemisphere is exposed to more daily sunlight than the northern hemisphere, because the southern part of the planet is leaning toward the sun; the opposite is true from March 20 until September 23, when the northern hemisphere receives more exposure to sunlight because the northern part of the planet is leaning toward the sun.

There are four key dates in Earth’s annual cycle—two equinoxes and two solstices. The term “equinox” is derived from the Latin phrase “equal night.” On the equinoxes—generally March 20 and September 23—no matter where you are on the planet, you will receive almost exactly 12 hours of daylight and 12 hours of night. This is because on these two dates, the sun is perpendicular to the earth over the equator, meaning neither the northern nor southern hemisphere receives more light. After the vernal equinox on March 20, the revolution of the earth around the sun increasingly exposes the northern hemisphere to the sun. Following the autumnal equinox on September 23, the Earth’s revolution increasingly exposes the southern hemisphere to the sun, and the hours of daylight in the northern hemisphere become fewer.

The solstices represent the dates of maximum (and minimum) hemispheric exposure to sunlight. The summer solstice generally occurs on June 21. On this date, the Earth’s revolution around the sun exposes the northern hemisphere to the sun the longest. After June 21, the length of sunlight the northern hemisphere receives continues to decline until we reach the autumnal equinox. Following the autumnal equinox, the southern hemisphere is continually exposed to more daylight, and the northern hemisphere is exposed to less. This culminates with the winter solstice around December 21, when the earth’s revolution points the southern hemisphere toward the sun more than at any other point. After this date, daylight exposure in the southern hemisphere declines until we arrive at the vernal equinox, when the entire world has roughly the same amount of daylight.

Why does all of this matter? Seasonal differences in the amount of sunlight, and the intensity of the sunlight received, are the main drivers of Earth’s climate zones. If it were not for Earth’s axial tilt and the changes in sunlight exposure it induces, the earth would not have seasons. The four seasons are mostly a result of our axial tilt; were the planet not a little off-kilter, we would all be exposed to the same amount of daylight year round. Due to the 23.5-degree angle, different parts of the Earth are exposed to far more sunlight than others at different times of year. The equator is warm because it is exposed to a large dose of sun year round. One reason the poles are so bitterly cold is because for large parts of the year they receive absolutely no sunlight—Earth’s tilt excludes them from receiving any of the sun’s rays above or below 660 degrees north and south latitude during the solstices.

Geographers often use climographs—graphical representations of monthly average temperatures and precipitation levels—to analyze how location on the earth’s surface affects the seasonal climates of different places. The Earth-sun relationship is responsible for certain places annually being exposed to the risk of falling in the path of decimating hurricanes, blinding blizzards, or destructive monsoon winds. The amount of sunlight and length of day will also affect which types of vegetation will flourish in certain areas. Geographers use this information to inform policymakers and the public so that they can make intelligent decisions about everything from national security to housing insurance.

Climatologist geographers study how the earth has warmed up and cooled down in geologic time as well. For example, at different points throughout history, glaciers have dramatically increased their reach during periods of glaciation, and they have also receded during periods of interglaciation. Glaciers carve up the earth’s surface, creating many natural features that humans now take for granted, such as the Great Lakes. Since the dawn of the industrial revolution, approximately 200 years ago, the earth’s temperature has increased at an unprecedented pace. Even though we should theoretically be entering a period of glaciation, glaciers are rapidly melting, sea levels are rising, and there is near-unanimous consensus among scientists that it is due to anthropogenic global warming.

As the climate continues to change rapidly, geographers keep tabs on what types of natural disasters may result, as well as what these changes mean for agricultural production in different regions of the world. By keeping constant vigilance over our changing climate, geographers play a key part in helping societies plan for the future.

ECOSYSTEMS AND BIOMES

As is the case with everything in geography, ecosystems are interdependent. Simply defined, ecosystems are made up of a group of living organisms along with their physical environment. The “system” in the term “ecosystem” comprises the different interactions, generally referred to as energy and matter flows, between the living and physical environments. Ecosystems are always dynamic; they adapt and evolve to internal and external forces such as water and carbon cycles, as well as changes in food chains.

Often, we think of ecosystems as being large things, covering great swaths of land. However, a key concept that geographers bring to analyzing ecosystems is the concept of scale. Ecosystems are nested—that is, large ecosystems like the Siberian taiga are actually made up of many smaller ecosystems, often as small as a person’s backyard or a local pond. Though often unique, no ecosystem is entirely unaffected by what happens in other ecosystems. Like a never-ending chain reaction of dominos, changes in one ecosystem will affect larger neighboring ecosystems. In turn, changes in those ecosystems that have been affected will induce yet more changes in others. This is one reason scientists concern themselves with things like invasive species, because a change in the food chain in a small ecosystem like an individual lake will have ramifications for other ecosystems.

One reason ecosystems are so dynamic is because they are exposed to external physical processes. These processes all interact to create unique systems. For example, the climate of northern Minnesota, combined with its rocky soils and water-laden landscape, makes it a terrible place for growing corn but ideally suited for pine trees, deer, and mosquitos. The sands of the Gobi Desert in China are not ideal for plants and animals that need a lot of water, but they also are not ideal for the cactuses and rattlesnakes of the Mojave Desert in the southwestern United States, because the climate is much colder in the Gobi.

Though every ecosystem is unique, certain geographic patterns continually arise. For example, ocean currents and winds typically interact to create similar ecosystems in similar locations around the globe. For example, you will never find boreal forests at the equator, because the climate there is simply not conducive to coniferous trees. Instead, boreal forests are in the northern parts of the northern hemisphere. (However, climate change is already affecting the distribution of these forests.) If you look at the world’s major deserts, you will see several common patterns. The western coasts of the continents in the southern hemisphere are lined with large deserts—in Chile, North Africa, southern parts of Africa, and western Australia. Such patterns often indicate similar physical processes occurring due to physical systems—jet and gulf streams, ocean currents, precipitation traits, and many more.
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An illustration of Earth’s biomes. Biomes are general ecosystem categories or regions that are largely based on seasonal temperature and precipitation norms. Distance from the equator, as well as elevation, also play a role in determining biomes. (ABC-CLIO)

Though all are unique, many ecosystems share common characteristics. Therefore, scientists classify them into different biomes. Biomes can be thought of as general ecosystem categories or regions. As becomes obvious by looking at each biome’s climograph, these are largely based on seasonal temperature and precipitation norms. Some of the more common biomes based on precipitation include deserts, chaparrals, grasslands, and temperate rain forests. A few biomes that are primarily based off of temperature include: tropical rain forest, temperate deciduous forest, taiga, and tundra.

However, the elevation of an ecosystem will have almost as much of an impact on the temperature and precipitation norms of an ecosystem as distance from the equator. The variation in ecosystem location based on elevation is referred to as altitudinal zoning. In general, every additional 1,000 feet of elevation will result in an ecosystem having the same flora and fauna as an ecosystem 500–700 miles further north (or south depending on the hemisphere the ecosystem is in). Thus, in Bogota, Colombia, for example, you have an ecosystem surrounded by tropical rain forests that has seasonal temperatures similar to those in Seattle.

      Changing Ecosystems

Biomes are based off of ecosystems that are generally well established and stable. However, stability has its limits. Ecosystems are constantly being altered and affected by both human and physical processes. For example, deforestation in certain forest ecosystems often leads to ecosystem succession, or change—typically to desert or grassland. This can lead to the complete decimation of long-term fauna and flora from an area. Volcanic eruptions can completely change an ecosystem as well, not only in nearby areas but also thousands of miles away, as large-enough eruptions will often cause a global temperature drop. Drought caused by climate change often has one of the largest impacts on an ecosystem, as water is the key to life for both plants and animals.

Humans tend to manipulate ecosystems without even realizing it. Minor changes in a micro-ecosystem can have extraordinary impacts. Though locally based, examples of livestock overgrazing, water resource wasting, and forest clearing all begin to add up and affect larger ecosystems, often to calamitous effect. For example, an increase in local water consumption due to a new golf course opening may affect the amount of water in a local river. This, in turn, may harm the health of the river’s fish stock. A lack of healthy fish in the river might likewise affect the health of a bird population that migrates to the region to feed on fish at a particular time every year. Weakened, the bird population may return to its place of origin in much smaller numbers than usual, resulting in fewer insects being eaten and an increase in malaria among the local population. Ecosystems are always interdependent.

Geographers are interested not only in studying ecosystems but also in figuring out how to help inform human decision making when it comes to making changes to them. Often, decisions are made for economic reasons without any long-term consideration for the potential ramifications to ecosystems. The invasion of Asian carp in American waterways, for example, stems from the fish’s introduction to the southern United States. Due to flooding, they escaped their farming enclosures. They have wiped out indigenous fish populations in rivers throughout the United States and now threaten to take over the Great Lakes entirely.

Ian Muehlenhaus
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TECTONIC SHIFT AND THE RING OF FIRE

Geologists often speak of the earth as a dynamic planet—a world that is in a constant state of dramatic change. Across much of the earth, however, it is difficult to see direct evidence of these rapid changes because most geologic processes are achingly slow. Even in the best of circumstances, it takes hundreds to thousands of years for sediment to be buried and turned into rock. Rocks are weathered into sand, but the weathering process can take thousands or even millions of years. Mountains can rise from the plains, but this often takes tens of millions of years.

Why, then, is Earth considered such a dynamic planet? The answer lies in the relentless movement of the earth’s tectonic plates. The earth’s plates are in constant motion because of the circulation of the upper mantle beneath them. Where plates come into contact with each other, the earth changes rapidly and dramatically. It is at these places that earthquakes disrupt people’s daily lives. It is at these places that volcanoes destroy landscapes, only to rebuild them in a new image. It is along shorelines with such plate contact that tsunamis can sweep in and carry away communities in a tragic few minutes.

In very few places are these types of events seen more frequently than in the region called the “Ring of Fire.” The Ring of Fire is a name given most deservedly to the Pacific Rim. The Ring of Fire extends from New Zealand clockwise in an almost circular arc through the Tonga and Kermadec Arcs; westward to Indonesia; northward through the Philippines, Japan, and the Kamchatka Peninsula of Russia; eastward through the Aleutian Islands; and then southward along the western coasts of North America and South America. The Ring of Fire also contains active regions within its interior, including the Galapagos Islands and Hawaiian Islands.

      Subduction Zones

The specific tectonic setting that causes most events is called a subduction zone. A subduction zone is a type of plate boundary found where two plates meet and are moving toward each other. At these locations, one plate is forced downward and underneath another. Although it happens slowly—usually no faster than an inch or two per year—subduction is an extremely violent process. Beneath the solid tectonic plates found at the earth’s surface is the upper mantle, which is another solid layer of the earth. One solid is being thrust downward into another solid material, resulting in a great deal of friction causing the plates to “stick” to each other. When strain builds to a critical level within the rocks at the plate boundary, the rocks break and slip, causing an earthquake.
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The Ring of Fire is a band of active volcanoes that loops around the Pacific Rim. The ring stretches 25,000 miles and corresponds to the outer edges of the Pacific tectonic plate, as well as a number of smaller adjoining plates. This region is home to the world’s most active volcanoes, as well as violent earthquakes, caused by the plates sliding underneath each other in what is known as subduction. (U.S. Geological Survey)

The most violent earthquakes on the planet occur in subduction zones. In the history of recorded earthquakes, no greater earthquakes have occurred than those that happen within the Ring of Fire. The most significant earthquake ever recorded occurred just off the coast of Chile in 1960. It was a magnitude 9.5 earthquake that shook the earth for several minutes near the earthquake’s epicenter, and caused the entire planet to vibrate for days afterward. The earthquake generated a tsunami that crossed the Pacific Ocean. It caused deaths in Hawaii and significant damage in Japan.

Another effect of subduction is the heating of the plate that has been thrust into the mantle. Although the upper mantle is not quite hot enough to melt the subducted plate at the types of pressures found at that depth in the earth, it certainly is hot enough to drive water from the subducted slab into the surrounding mantle. This process has an odd effect on the solid mantle above this plate: it lowers its melting temperature. The reduced melting temperature enables a small percentage of the mantle rock in that region to melt. Molten rock is less dense than the surrounding solid rock; thus the molten rock rises. It can rise all the way to the surface, where it feeds volcanic eruptions.

Anywhere a subduction zone is found, there is a chain of volcanoes that marks the location in the mantle where melting is occurring. Entire island nations have been formed from hardened molten rock. One of the largest and most geographically diverse island nations on Earth is Indonesia. All of the islands within Indonesia were formed by a subduction zone. Whether the island was formed as a volcano risen from the sea or by immense forces pushing the sea floor up above sea level, tectonic forces birthed these islands. The same is true of Japan, the Philippines, and the Aleutian Islands.

A volcano formed at a subduction zone site is called a “composite volcano.” This type of volcano often is tall and steep-sided, and it produces great volumes of lava, volcanic ash, and other debris. The volcanic eruptions can be extremely violent, sending plumes of volcanic ash tens of thousands of feet in the air, turning daylight into instant darkness—sometimes for days at a time. Eruptions can issue forth pyroclastic flows—fast-moving torrents of hot ash and deadly gases—and send pieces of rock tumbling downhill at speeds approaching 100 miles per hour. Such an eruption incinerates, topples, or otherwise destroys everything in its path. If enough volcanic ash and microscopic droplets of sulfuric acid are sent high enough into the atmosphere, then a single eruption has the ability to cool the atmosphere and change weather patterns for more than a year.

The 1815 eruption of Tambora in Indonesia resulted in the year from 1815 to 1816 being dubbed “the year without a summer” in the northeastern United States and Europe. Because of the eruption, temperatures in those regions never reached typical summertime levels, and in some places, snow fell in June. Crops failed. Skies glowed an eerie red. It even is suggested that the abysmal weather conditions inspired a young Mary Shelley—sequestered with friends in a castle that year—to write her masterpiece, Frankenstein. Although it is difficult to believe that a single eruption of a single volcano can have such far-reaching consequences, it is something that has happened time and again within the Ring of Fire.

      Hot Spots

Within the center of the Ring of Fire, in the vast blue waters of the Pacific, are two island chains that owe their existence to tectonic forces that have nothing to do with plate boundaries but rather a hot spot. A “hot spot” is an area of the mantle that, for reasons not yet fully understood by scientists, is unusually hot. Heat rises from as deep in the earth as (at least) the top of the lower mantle (and possibly deeper) to the upper mantle. The excess heat in the upper mantle causes melting to occur. Volcanoes form above the hot spot and then erupt frequently. Hot spots remain fixed in place, rooted to the location deep in the earth where they originate. Over time, the plate above a hot spot moves. At the surface, a chain of volcanoes often forms over a hot spot.

This can be demonstrated with a simple thought experiment. Imagine a candle sitting stationary on a table. This represents a hot spot. If you take a piece of paper—representing a tectonic plate—and pass it slowly above the candle, you will find a scorched area in the paper that traces a line. That line represents a chain of volcanoes formed by the hot spot. The orientation of the line on the paper indicates the direction of movement of the paper as it was passed over the candle, and represents the direction of movement of the plate.

The Hawaiian Islands are an excellent example of a volcanic mountain chain created by a hot spot. The Hawaiian Islands have been intensely studied by geologists for more than 100 years. The volcanoes Kilauea and Mauna Loa make excellent natural laboratories for studying volcanism because they erupt frequently. These volcanoes also are much more approachable than those found at subduction zones, so it is relatively easy to design repeatable experiments to gather valuable longitudinal data sets. The Hawaiian hot spot has been active for at least 80 million years.

This can be determined because it is possible to trace a single long chain of volcanoes from the current location of the hot spot—just off the southeast coast of the island of Hawaii—all the way north and west to the Aleutian Islands, where the northernmost underwater mountain in the chain (called a “seamount”) is poised to be subducted beneath the Aleutians. This mountain chain is known as the Hawaii-Emperor Seamount Chain, and it is composed of thousands of volcanoes. In its geology, the chain holds a history of the movement of the Pacific Plate. Measuring a distance between two islands in the chain that are of known age enables researchers to determine how fast the Pacific Plate moved during the time interval measured. The seamount chain makes a sharp bend in the north-central Pacific, which can be unequivocally tied to a change in the direction of movement of the Pacific Plate. Without seamounts, a great deal of information about the Pacific Plate and its history would remain unknown.

Bethany D. Rinard Hinga

See also: Plate Tectonics

CLIMATE CHANGE

Climate change is a change to global or regional patterns of temperature, humidity, and weather. It is one of the most controversial topics in today’s media. Scientists, politicians, and environmentalists have been debating the causes and effects of changing climatic patterns for several decades, and recent popular concern about global warming has made the topic of climate change a political, economic, and scientific hot-button issue. While climatic variation is a historical constant (no two years are ever identical in weather), large-scale climate change poses significant challenges for maintaining plant and animal life as we know it on the planet today.

Whereas weather is the daily pattern of atmospheric changes, climate may be defined as the constant range of temperature, humidity, and weather patterns in a particular region of the world. Scientists consider climatic consistency crucial for the stability of the world’s ecosystems. Slow, nondrastic changes in climate allow many plant and animal species to adapt to new environmental conditions and survive. However, rapid climate changes may have devastating effects on biological and botanical life. The current issue of global warming—the most dramatic change in climate in contemporary history—revolves around the ability of plant and animal species to adapt quickly enough to survive radical changes in climate and whether or not humans will be able to slow down—or even stop—the speed of global warming by their consumption behaviors.

An understanding of the earth’s environmental system is crucial for comprehending the current debates regarding climate change. The atmosphere of the “Blue Planet” is constantly in flux, heavily influenced by radiant heat and moisture emitted from the world’s oceans, land masses, and vegetation. While geologists and paleontologists have demonstrated that climate change has been dramatic throughout the earth’s history and that the current ecosystems of the planet have not existed consistently throughout time, scientists who study the current ecosystems of the earth are warning of the seemingly rapid, and potentially devastating, changes to the current climate systems. Although there are a variety of theories about how and why this is occurring, mainstream scientific hypotheses blame global warming, caused by a combination of ecosystem destruction and greenhouse gas emissions, for a seemingly breakneck pace of climate change.

      What Causes Climate Change?

Scientists utilize many methods for measuring climate change. Aside from the vast quantities of data gleaned from obvious developments in the weather, climate specialists look at ocean temperatures, ice accumulations, and satellite imagery, as well as evidence from historical documents, to determine the types of climate changes, the rates, and the impacts of climate change on the living environment. Botanical and biological evidence is then used to reinforce proposed assumptions. Scientists then examine a variety of forces that may be causing climate change. These factors are controversial and difficult to pin down, but they include extraterrestrial and terrestrial causes, both natural and human-made.

Climate change may be determined in part by a variety of natural forces that are beyond the ability of humans to control. Volcanic and tectonic activities are responsible for aspects of climate change, particularly over very long periods of time, but also in short historic bursts. For example, a violent volcanic eruption of Mount Tambora on the Indonesian island of Sumbawa in 1815 was responsible for significant climate change throughout the world for the next few years. Solar energy, too, has an incredible impact on climate change, both over millions of years as well as in relatively short bursts. All of these forces are beyond human abilities to alter; in these cases, climate change is an untouchable inevitability.

However, scientists argue that there are several other factors influencing climate change that are within the realm of human control. Unprecedented levels of greenhouse gas emissions—including chlorofluorocarbons, methane, carbon dioxide, and ozone—have resulted in radical changes of weather, water temperatures, and glacial ice melt. Moreover, human alterations of the world’s ecosystems—including deforestation, desertification, and toxic refuse dumping into the world’s water and land—have resulted in changes of feedback between ecosystems and increased heat radiation on the planet. Many are already experiencing the drastic effects of climate change. Weather events have become more extreme, and rising sea levels around the world have made it necessary for entire populations to relocate.
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Human burning of fossil fuels releases gases into the Earth’s atmosphere. These gases create a barrier that locks in heat from the sun, which, in turn, increases global temperatures. (ABC-CLIO)

      The Debate

Major changes in the earth’s climate have been recorded since the Industrial Revolution. Over the past 1,000 years, the 20th century was the warmest of all centuries, and the final decade of that century was the warmest decade of the 20th century. Such statistics, coupled with evidence of dramatic glacial ice melts, dead zones in warming seas, and increased incidences of killer weather systems, have led many scientists to propose that global warming has been accelerated due to humans’ unprecedented destruction of the natural environment and usage of fossil fuels. In fact, 97 percent of scientists believe that the accelerated climate change is a result of human activity (NASA 2018). However, a small minority of scientists view it solely as a natural process that is cyclical in nature and the result of astronomical and geological events far beyond the control of humans. Still other scientists acknowledge the effect of humans on the climate, but don’t believe the effect will prove catastrophic.

While climate change has been debated almost constantly over the last decade, it captured worldwide attention in December 2015 when representatives of nearly 200 countries meeting in Paris agreed on an effort to cap the global average temperature rise at 1.5°C, or 34°F. The Paris Agreement, signed by the United States and 194 other countries, is the first of its kind to commit nearly every country to lower greenhouse gas emissions, including developing countries such as China and India. The agreement was achieved, in part, because of talks between the United States and China, which are the two biggest greenhouse gas emitters.

Since 2015, however, the United States has withdrawn from the agreement, citing a potential loss of 6.5 million U.S. jobs and a $3 trillion loss to the U.S. economy if it were to more heavily regulate its fossil fuel industry (Trump 2017). Although this move was condemned by a number of European leaders; Canada; the United Nations; and U.S. business leaders, governors, mayors, and university presidents, it has spurred increasing state and local-level legislation to reduce emissions and honor the Paris Agreement.

Despite the agreement however, the world’s scientists reported in late 2018 that global emissions are continuing to rise and that even with the Paris Agreement, nations still are not doing enough to avoid catastrophic climate change.

Nancy L. Stockdale and Leeann Sullivan

See also: Air Pollution; Anthropogenic Global Warming; Fossil Fuels; Greenhouse Gases; Ozone Depletion; Paris Agreement (United Nations Framework Convention on Climate Change)

INVASIVE SPECIES

According to many resource managers and ecologists, invasive species and potential invaders together constitute one of the major environmental threats facing the United States and many other countries. Preventing or controlling the establishment of nonindigenous species is complicated by a number of uncertainties. These include how many and which nonnative species will become abundant and widespread and inflict significant impacts on natural ecosystems; national, regional, and/or state economies; or public health.

According to one estimate, some 50,000 species of plants, animals, fungi, and microbes have been transported to the United States. Of these, perhaps 6,500 have established viable, self-sustaining populations. Five hundred or so have become invasive—they have shown rapid population growth and range expansion and have caused harm or altered natural ecosystems. Invasive species such as insects, plants, and fungi can dramatically change physical landscapes. For example, they can decimate forests that have no resistance to them, increase dune and soil erosion by overtaking plants that hold sands in place, or create new structures like beaver dams or termite mounds.

      Stages of Invasion

Several steps or stages are required for a nonnative species to gain a foothold and become abundant and widespread in an area beyond its natural range. Each step involves overcoming some sort of barrier. Species are normally held in their native ranges by geographic barriers, such as an ocean, a different and inhospitable (for them) climate region, a drainage divide, a mountain range, distance, wind or ocean current direction, or some other natural feature of the planet. The first stage, the transport stage, requires overcoming the unfavorable conditions imposed by what is normally a geographic barrier and entering a new site. Plants and animals have done this successfully on their own over millions of years, either by chance or because changes to the environment weakened or removed the barriers. Thus, species have colonized oceanic islands and moved from one continent to another. When humans began to migrate and engage in trade, they accelerated the process by either deliberately or unintentionally providing plants, animals, and microorganisms safe transport to new areas. Safe transport took the form of human provisions, packing materials, ships, and other vehicles. Some organisms became desirable commodities in their own right, as seen today in the pet trade and horticultural industry.
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Employees of the Big Muddy National Wildlife Refuge in Missouri electrofish for the invasive Asian carp. Invasive species are those that are introduced into an ecosystem in which they weren’t originally found. This can spell disaster for other species in the ecosystem if the new species is bigger and stronger. Invasive species can wipe out indigenous species by eating them or by altering something in the environment that the indigenous species depend on for food or shelter. They can also introduce disease that wasn’t previously in the ecosystem. (U.S. Fish and Wildlife Service)

Yet getting to a new site is only the first step. Once a species has arrived or “been introduced,” it must be able to reproduce and establish a self-sustaining population before it can become invasive. There are limitations that a newly arrived species must overcome. Some of these are small founding population sizes and environmental barriers in the new location. Typically, only a small number of individuals of a given species occur in the new area, which by itself makes them vulnerable to extinction. The so-called Allee effect can reduce reproductive rates. The Allee effect refers to population growth being reduced by undercrowding. The few individuals present may be sparsely distributed and have difficulty finding mates. Further, the sex ratio may be skewed toward one gender or the other and thus limit the number of offspring that can be produced during the first few generations. In many instances, a new species persists in an area only because it is repeatedly introduced and not because the species is reproducing at the site.

The new environment will not be identical to that of the native range. Therefore, the species may need time to adapt to a new climate, ecological community, or other aspect of the receiving habitat before it can be successful. Even when the demographic and environmental barriers are overcome, it can take 10–25 years for a new species to become numerous enough for people to detect its presence.

A species has to reproduce enough to allow the population to grow, not merely maintain itself. When its numbers increase, a species tends to expand its distribution area—in other words, it spreads. Eventually it will have to overcome local geographic barriers to dispersal. As it spreads into new regions in its adopted home, it enters the invasive stage and begins to produce viable offspring at some distance from the original place of introduction. During the invasive stage, a species continues to increase in abundance and expand its range. Typically, it will first occupy sites disturbed by human activities (such as farmland and settlements) and then be found in seminatural and natural ecosystems.

If the new species is perceived to harm or change native ecosystems, it may be named an “invasive species.” Some ecologists say that a fourth stage of invasion must be considered, wherein the invasive species causes ecological or economic harm to its new environment. Local species can often be at risk of becoming endangered or being wiped out from invasive species. For example, the Hawaiian thrush went extinct by 1985 due to invasive predators. In the 1980s in Florida, a small number of Burmese pythons that had been brought from Southeast Asia as pets were released into the wild. Since then, the python population has exploded, and the snakes now pose a continuing threat to mammals and birds in south Florida.

For species that do become “invasive,” the process proceeds in a typical pattern. Initially, only a few individuals are spotted in a new area. There is a long lag time before, suddenly, what seemed like a harmless new member of an ecological community explodes in numbers and becomes a major nuisance or pest and may even begin to transform native ecosystems. Very often, at least in non-island situations, the nonindigenous population declines after the initial explosion and the native system accommodates the newcomer.

      Pathways to Invasion

The means by which species are introduced into new areas are known as pathways. These are generally separated into deliberate or intentional pathways and accidental or unintentional pathways. Escapes from confinement or captivity may be thought of as a third, hybrid pathway in which the initial importation was intentional, but the release of free-living individuals or populations was an accident. Generally speaking, most plants and vertebrates have been introduced deliberately. Most invertebrates and microorganisms arrived by accident.

Plants naturally disperse by sending forth spores and seeds. Some disperse seedlings or parts capable of sprouting vegetatively (they can grow from parts or fragments of a parent plant). These propagules are transported by wind, ocean and stream currents, or animals to places beyond the parent plant and sometimes beyond the range limits of the species. If they land in new territory they may or may not survive and establish a colony. Humans may have first changed the dispersal process for some plants (and animals) by creating disturbed habitats around campsites and unintentionally carrying seeds on their bodies or in their digestive tracts—just as other animals do. They also harvested and stored seeds and deliberately transported them as they moved from site to site. Some plants adapted to the new dispersing agent and became “camp-followers,” showing up unbidden at each new settlement. Cannabis sativa (marijuana) was such a plant in the Old World. The precursors of many crops may have acted similarly. Mammals such as the dog and pig may have also joined people on the move, along with such arthropods as cockroaches, lice, and silverfish and other such species that came to live in close association with human beings.

Once domesticated crops and livestock were available, people deliberately transported them to far-off places. Seeds and cuttings were traded first among neighboring villages and later to distant shores. With rafts and sailing ships, people helped terrestrial and freshwater species overcome the geographic barrier of the sea. Plants and animals were carried intentionally and accidentally around the world, especially by Europeans and Polynesians. As seagoing technology improved, more distant parts of the planet became connected. Seaports were the first point of entry for many species new to an area. Accidental travelers were hidden in the dry or solid ballast of ships under sail. The ballast was offloaded at the port of destination and if nonnative species had survived the journey, they could become established near wharves and piers and at ballast dumping grounds. Seeds and insects also stowed away in the hay and straw carried aboard ships as packing material, food, or bedding for livestock. Rats also climbed aboard ships and were transported to other locations. Everything was on the move. Shipping remains an important pathway for species to enter new territory.

From seaports, a few new arrivals were able to move inland along the canals built to tie the port city to its hinterland. Purple loosestrife, for example, a plant that came to dominate marshes in New England, was first collected from wetlands near the Erie and Delaware-Ruritan canals. Railroads penetrated even farther inland. Weedy plants were able to travel along railroads and spread, while other organisms rode the rails as hitchhikers in cargo and packing materials to almost all parts of the country. Airplanes now reach the most isolated places, so there is no place immune to the introduction of nonnative species.

Sometimes unwanted species travel to American shores through military traffic. Perhaps the most notorious example is the arrival of the brown tree snake in the U.S. territory of Guam after World War II. The noxious weed Canada thistle also moved on Union military steam ships during the American Civil War, reaching its southern limits at the Virginia town of Remington.

Some animals are deliberately transported, often for pest control, biomedical research, bait or as pets. One notorious example of pest control gone awry is that of the cane toad. In the 1930s, cane toads were taken to Australia to control the population of cane beetles that were destroying sugar cane fields. Just over 100 toads were initially transported. However, the highly adaptable and venomous toads rapidly multiplied and invaded the rest of the country. Today, cane toad infestation is a continuing problem, numbering at over 1.5 billion toads that kill native species and spread an average of 30 miles per year. In the U.S., Asian carp have become an invasive species in fresh water, especially the Mississippi River basin and its tributaries. They were imported in the 1960s and 1970s to clean fish farmers’ commercial ponds. After several fish escaped, the species became well established, feeding on endangered native mussels and snails and altering the environments of rivers and basins.

Susan L. Woodward and Joyce A. Quinn

See also: Biodiversity; Columbian Exchange; Ecosystems

THREATS TO BIODIVERSITY

Biodiversity, or biological diversity, is a measure of the number and types of species present within a particular ecosystem. One example of an environment with high biodiversity are rain forests. Tropical rain forests are home to an estimated 50 percent of Earth’s plant and animal species, although they cover less than 2 percent of the planet’s surface. Scientists think that the rain forests have this great diversity because the forests are the oldest ecosystems on the planet.

Biodiversity is important for two reasons. First, biologists, environmentalists, and conservationists regard a rich mix of plant and animal life as being the normal and natural state of ecosystems. Plants and animals have evolved in complex ways over millions of years to produce systems in which organisms are intimately interdependent on each other. Removal of even a single organism can sometimes disrupt an ecosystem so badly that it may degenerate and fall apart. Second, biodiversity is important to humans for very practical reason. The rich mix of plants and animals within an ecosystem meets an almost unlimited number of human needs. Many of these species provide food, medicines, building materials, and recreational opportunities, contribute to the breakdown of rock in the formation of soil, make possible the cycling of nutrients through the environment, protect water resources, provide for the impoundment and decomposition of pollutants, and help stabilize the earth’s climate. One might even argue that humans could not inhabit Earth without the benefits offered by biodiversity. For example, pollinator species extinction presents a threat to biodiversity; when pollinators (such as bees, certain bird species, and dragonflies) are reduced or lost, crop production is threatened. In fact, scientists have been closely watching the honeybee population for more than a decade because of its rapid decline. Honeybees are a critical part of the agricultural process. Scientists suspect this decline, known as “colony collapse disorder,” is due to a combination of disease, parasites, changes in bee habitat, poor nutrition, stress, and pesticide poisoning. This is just one way in which humans depend on biodiversity for survival.

[image: image]

A coral reef off the coast of Pescador Island in the Philippines. Coral reefs are home to thousands of plant and animal species and protecting them from warming sea temperatures and pollution is becoming increasingly critical. Three-quarters of Earth’s corals are already dead or dying, which may lead to the extinction of many species that live there. The loss of coral reefs has the potential to set off a chain reaction that could eventually affect human well-being. (Andamanse/Dreamstime.com)

The greatest threat to biodiversity is species extinction. Whenever a plant or animal species is lost, biodiversity in the ecosystem where it lived is affected. As more and more species are lost, biodiversity may be dramatically disrupted. Of course, species extinction is a normal part of evolution. Throughout history, species have died out and new species have arisen as the result of natural phenomena. On a small number of occasions, however, species extinction has occurred very rapidly, with the loss of very large numbers of plant and animal species over a short period of time. Scientists believe, for example, that one of the largest losses of biodiversity in Earth’s history occurred about 65 million years ago when a comet or asteroid struck it. That event probably led to the extinction of the dinosaurs, along with countless other numbers of plant and animal species.

Biodiversity is also threatened by climate change. Rising ocean temperatures can reduce marine biodiversity and change the marine ecosystem. It could enlarge or reduce habitats and cause species to interact that haven’t before, all with yet-unknown consequences. A recent example in the United States is that of the lone star tick. This tick, like many of its kind, are spreading, thanks to a warming climate. The lone star tick in particular rewires its victim’s immune system, causing severe allergies to beef and pork. In the last decade, the population of these ticks has exploded and expanded from the Northeast into the Midwest and the southern United States. The Centers for Disease Control and Prevention have reported that incidents of disease caused by ticks reached an all-time high in 2017 (CDC 2018). Incidents of Lyme disease, spread by the black-legged tick, are also on the rise. In fact, the Environmental Protection Agency uses reported cases of Lyme disease as an indicator for climate change (EPA 2016).

Species unable to migrate may be at risk of extinction because they are directly affected by the changing climate. A study released in 2018 warned that more polar bears will starve because of melting sea ice (Pagano 2018). Polar bears are dependent on disappearing sea ice for hunting seals. Yet the sea ice is disappearing at a rate of 14 percent each decade. A 2010 study found that a continued loss of sea ice would reduce the population of polar bears by two-thirds of present numbers by 2050 (Leahy 2018).

Many experts now believe that another period of mass extinction is taking place on Earth, this time as the result of human activities. Habitat loss, driven by human activity such as logging, farming, and pollution, is a major threat to biodiversity. As the eminent biologist Edward O. Wilson has said:

The worst thing that can happen . . . is not energy depletion, economic collapse, limited nuclear war, or conquest by a totalitarian government. As terrible as these catastrophes would be for us, they can be repaired within a few generations. The one process ongoing . . . that will take millions of years to correct is the loss of genetic and species diversity by the destruction of natural habitats. This is the folly that our descendants are least likely to forgive us. (Wilson 1984)

Rainforest clearing in Southeast Asia for palm oil plantations and timber have reduced rainforest acreage by a huge amount. In turn, animals that inhabit these rainforests are threatened, including the orangutan, Asian elephant, and tiger. Deforestation in South America and industrial activity in the United States have also contributed to loss of habitat and reduced animal and insect populations. It is estimated that 40 percent of Earth’s bird species are declining, while flying insect populations have declined more than 75 percent in some places (YaleEnvironment360 2018; Hallmann 2017).

The appearance of Staghorn Coral, found in the waters of the Florida Keys, the Bahamas, and the Caribbean islands, has declined by as much as 98 percent in some areas since 1980 (NOAA 2010). The coral is dying because of pollution and change to the water temperature and acidity due to the effects of fossil fuel burning. And it isn’t just Staghorn Coral: all told, three-quarters of the earth’s coral reefs are either dead or dying. Perhaps the greatest value that coral reefs have is the biodiversity they possess. Biodiversity is a measure of the number and types of species present within a particular ecosystem. In addition to more than 4,000 species of fish, coral reefs are home to a wide range of plant and animal life, including sponges, jellyfish, sea worms, crustaceans, echinoderms, sea squirts, sea turtles, sea snakes, and countless numbers of bacteria, algae, and other microscopic organisms. If these plants and animals are lost because of coral destruction, key components of the planet’s functioning life cycle will also be lost, eventually affecting human health and livelihood.

Protecting biodiversity is a difficult and complex task, at least partly because humans usually do not intentionally set out to destroy species. In some cases, species do become extinct because of direct attack by humans, as through hunting or collecting for pets. But extinction more often occurs inadvertently because of human activities, including the clearing of forests to collect timber or for farmland; the introduction of exotic new species into a natural environment; the contamination of air, water, and soil by industrial activities; and the altering of the planet’s climate by combustion of carbon-based fuels. The threats to biodiversity arise, therefore, because humans are attempting to make a better life for themselves in one way or another. Finding ways to meet this normal and natural human drive while protecting Earth’s biodiversity is one of the great challenges faced by the world today.

David E. Newton

See also: Biodiversity; Ecosystems; Endangered Species; Indicator Species
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OVERVIEW

We humans comprise a separate geographic system in our own right. Though we are part of the biosphere, unlike any other animal species that existed before or currently exists, humans have developed incredibly complex geographic processes and methods of spatial organization. Moreover, our species’ interactions have had a much larger impact on the rest of the biosphere and physical geography than most animal species.

Human geography is the study of human geographic processes. “Processes” is the key word in the definition. Professional geographers do not necessarily study where people are (e.g., states and capitals), though knowing where things are is certainly helpful. Geographers are most fascinated in figuring out why people and the things that they do are found and done where they are. Human geographers explore how humans and their cultures, economics, politics, and settlement patterns change throughout space and time. In essence, human geographers study human processes—how we organize ourselves (democracy versus theocracy), interact with the environment (coal versus nuclear power plants), react to environmental changes (hurricane disasters and volcanoes), move (migration, transportation, and globalization), and disperse ourselves across the earth’s landscape—and perhaps someday other landscapes too.

Like physical geography, human geography can be broken down into different subsystems. Though not always clearly demarcated, as all of these human systems interact in myriad and tangible ways, there is a consensus that each of these different systems is comprised of certain processes. Population geographers, for example, are interested in population trends and how they compare and contrast in different places. However, in order to adequately study population, they also need some knowledge of cultural geography. Cultural geographers are fascinated by how culture manifests itself differently in various places and also how certain cultural traits spread and are adopted over time, whereas others, like certain languages, go extinct. Of course, one cannot completely understand culture without first understanding the economic systems underlying cultural decision making. Economic geographers look at methods of trade, resource allocation, and power relations in economic policy making. Policy making, of course, alludes to politics. Political geographers study the systems humans set up to organize their societies, homes, and international geopolitics. These are merely a few of many branches of human geography. The human geography system is just as complex as physical geography, partially because humans, with their emotions, irrational decision making, and differences with one another, are typically less predictable than inanimate objects.


 




To learn more about human geography, please see these entries in Part II of Geography Today:

        •     Acculturation

        •     Boundaries

        •     Central Business District (CBD)

        •     Central Place Theory

        •     Columbian Exchange

        •     Core and Periphery

        •     Cultural Convergence

        •     Cultural Hearth

        •     Demographic Transition Model

        •     Demography

        •     Diffusion, Cultural

        •     Epidemics

        •     Heartland Theory

        •     Human Development Index (HDI)

        •     Malthus, Thomas

        •     Migration

        •     More Developed Countries and Least Developed Countries (MDCs and LDCs)

        •     Offshore Outsourcing

        •     Overpopulation

        •     Population Pyramid

        •     Primate Cities

        •     Push-Pull Factors

        •     Shatterbelt

        •     Stateless Nations

        •     Supranationalism

        •     Syncretism

        •     Tragedy of the Commons

        •     Transculturation

        •     Transnational Corporations

        •     World Systems Theory






CULTURAL GEOGRAPHY

Culture is inherently spatial. Before we can start a discussion about cultural geography, however, it is imperative that we define what culture means. Culture is most simply thought of as social characteristics shared by a particular group of people. Culture tends to socially bind people sharing these characteristics together. Unfortunately, culture can also be used to ostracize those who do not share the same cultural characteristics. Cultures are complex and are generally comprised of numerous characteristics—language, religion, food choices, clothing styles, rites of passage, and social activities. Finally, cultures are fluid; they are constantly evolving, changing, and adapting characteristics.

Beyond being interested in the characteristics comprising cultures, geographers are also interested in how cultures vary across space. Cultures change not only depending on where one is looking but also on which geographic scale one is using. For example, the southeastern United States is often referred to as the “Bible Belt” due to the high number of evangelical and fundamentalist Christians found there. However, if you look at particular urban areas, such as New Orleans, you will find a high propensity of Catholics and far fewer evangelicals than in neighboring areas and states.

Communities, regardless of scale, reflect the dominant cultures found in a place. For example, within Houston, Texas, most of the city has street signs in English. However, certain Houston neighborhoods have street signs in Chinese. In southern California, billboards are just as likely to be in Spanish as English because of the high density of Spanish speakers found there. In much of the United States, you will find Catholic churches dominating the religious landscape. But in Minnesota, you are far more likely to find a Lutheran church due to the migration of Scandinavians to that area over 100 years ago.

Cultures often reflect the physical environment of a place as well. The building materials and architectural styles of a community are often tied to the climate of the region, as well as what was readily available when the culture developed. What is worn and eaten is also often shaped by where a culture developed. For example, Mongolians tend to live in yurts (large, tent-like structures) created from animals’ wool. They tend to consume lots of milk and meat due to the availability of livestock. The Polynesian culture is spread out over thousands of islands in the Pacific Ocean. It is only natural, then, that traditionally, their housing and clothing were made from local material—primarily palm trees, which were abundant on most of the islands. Moreover, fish is a dietary staple.

Polynesians no longer dress the same as they once did, however. If you visit Hawaii or Fiji, you are likely to see people wearing the same name-brand clothing you see in downtown Oklahoma City. The first and last rule about cultures is that they constantly change. No culture stays the same. Geographers are interested in studying how cultures have changed and are currently changing. One of the main processes that drive cultural shifts is diffusion. When people migrate, they take cultures, and different cultural traits, with them. For example, through the forced migration of slavery, new styles of music were brought to the Western Hemisphere. The Silk Road across Asia has helped spread cultural traits from the Indian subcontinent to Southeast Asia. The reason there is a large population of people in Mozambique who speak Portuguese and are Catholic is that European colonialism in Africa, Latin America, North America, and Asia spread Christianity and European languages around the world. Today, satellite communication systems, mobile telephones, and increasingly affordable and fast travel options are helping diffuse cultures around the globe at an ever-increasing rate. This is an area of research that fascinates geographers.

These modern technologies, often included under the more complicated term “globalization,” have led to what is called cultural convergence—an accelerated process of sameness around the world. Cultures are increasingly being assimilated and acculturated—old traditions and ways of doing things are blending with new external cultures. This can happen because people move—for example, refugees in the United States who learn English—or because new cultural traits infiltrate into different places, like the introduction of high fructose corn syrup to the Polynesian diet.

Traditionalists often fight cultural assimilation or change. They often argue that certain cultural traits are permanent and integral to a sense of place and that they should not change. For example, in the United States, there are those who think English should be made the official language of the country, and everyone should be forced to learn English. Cultures always change, however. German, Swedish, and Dutch were once far more common languages in much of the United States than English or Spanish.

Sometimes change leads cultures to split apart. This is called cultural divergence. For example, the Basques are fighting for independence from Spain because they believe their distinct language and cultural traits make them different. The Kurds are a group of people who are distinct from other ethnic groups in the Middle East; they have been fighting for independence or autonomy in numerous countries. In France, there has been a big debate about what it means to be French—is it French to wear Islamic face veils, or does that make people un-French?

POLITICAL GEOGRAPHY

At its most simple, political geography is the process of organizing space. Thus, when one sees people arguing over who gets to sit where in a car, one is witnessing political geography in action. Generally, however, political geographers investigate larger and more important organizing decisions about how to divide up territory, water, and air.

Though not new, political boundaries have changed markedly throughout time. Originally, natural features were used to create borders and discern control. For example, rivers, mountains, and even large deserts made for perfect, natural boundaries between tribes and countries. The Rio Grande border between the United States and Mexico offers one such example. As technology progressed, however, new types of borders, not discernible without tools, came into existence. Most typically, latitude and longitude lines were used to create artificial borders between places. One of the more famous examples of such an international boundary that still exists is the 49th parallel between the United States and Canada—a perfectly straight line cutting through forests, lakes, rivers, and mountains for over 1,000 miles.

The key thing about peaceful political boundaries is this: they only work if governments and people on both sides of the border agree to them. Unfortunately, this is not always the case, resulting in numerous border disputes around the world. These disputes range from one side wanting more access to valuable resources just across the border, like water or oil, to desiring a strategic defense position (e.g., the Golan Heights between Israel and Syria). Increasingly, maritime boundaries are a source of conflict. Defining boundaries at sea is difficult and controversial, particularly as increasingly valuable resources are found to be readily accessible from the sea floors below.

Beyond state (country) boundaries, increasingly, regional alliances are forging their own economic and military cooperation zones. Organizations such as the North American Free Trade Agreement (NAFTA, replaced by the United States–Mexico–Canada Agreement) and the European Union (EU) unify neighboring countries’ economies into a single market. This helps corporations grow bigger than they might otherwise and better compete at the global scale. The North Atlantic Treaty Organization (NATO) is an American-backed military alliance meant to protect European democracies from Russian, previously Soviet, encroachment into Europe. The Arab League is another organization meant to foster cooperation among Arab countries that have historically been at odds with one another.

The United Nations (UN) is a little different from the other alliances. The UN is an organization that attempts to act as a chamber for all states to voice their concerns and help make global decisions about a variety of large-scale problems. For example, the United Nations Convention on the Law of the Sea (UNCLOS) was developed by the UN to act as a Law of the Sea for any maritime disputes between countries. Of course, not all countries are willing to play by what a majority of the world wants, including the United States, which has not signed UNCLOS. The UN does not represent everyone. Only recognized states are allowed to be UN members. There are, however, numerous stateless nations. The Kurds, Mayans, Ruthenians, Roma, and Palestinians are examples of stateless peoples that have no representation at the UN. Some states have also been removed from the UN due to political considerations. Though a fully functioning, independent state, Taiwan was removed from the United Nations in the 1970s in favor of the People’s Republic of China.

One problem with organizing ourselves by state is that states are never permanent and are constantly changing. In fact, the modern state is a relatively new way of organizing territory and did not even exist 500 years ago. No political entity lasts forever, not even the United States. Certainly, Romans could never have imagined a world without Rome, and neither could the Maya imagine a world without Mayan civilization. Yet, both of these civilizations are gone. Perhaps one of the most prominent examples of a state completely disappearing very quickly is the Soviet Union. It was a founding member of the United Nations after World War II. It had permanent veto power over any decision the UN made. Yet in 1991, it suddenly ceased to exist, and 15 independent states were born out of it. Even when states do not disappear completely, their boundaries do: the former Yugoslavia has gone through innumerable boundary changes over the course of 20 years, finally resulting in complete dissolution only in the early 21st century.

The method of governance used to control a state’s population and maintain its borders will affect how long a state is likely to remain functional. There are three broad forms of government power distribution. Federal governments (like in the United States) divide a territory into subunits (called “states” in the U.S. and “provinces” in most other places). The federal government makes major decisions affecting all of the states and defends the borders. However, individual provinces make laws concerning many local issues, such as driver’s license age, sales tax rates, and prison terms for petty crimes. Unitary governments, like the People’s Republic of China, centralize control at the country level. Almost all government decisions are made by a national government and dictated to local authorities.

      Conflict and Cooperation

States can do two things with one another to gain a strategic edge on a global scale; they can cooperate or conflict. Cooperation is typically desired by states when it is in the best interests of everyone involved—be it for economic security or to avoid war. Countries often sign treaties and agreements to manage joint resources so that no one feels compelled to go to war over them. Sudan and Egypt, for example, have agreements over the use of the Nile River. The United States and Mexico have a treaty over the management of the Rio Grande. And Canada and the United States maintain a peaceful boundary on the Great Lakes.

When borders are disputed, countries will often ask for international peacekeepers from NATO or the United Nations to control the conflict. Borders between India and Pakistan in Kashmir are monitored by peacekeepers, for example. And NATO has a heavy presence in Kosovo in an effort to control unrest between Kosovars and Serbs living there. Perhaps nowhere are treaties and agreements more pressing than on environmental and humanitarian issues that cross borders, such as pollution, famine, and diseases. Many nonprofit organizations that act with the blessing of international governments have sprung up over the years as neutral entities in crises. Doctors without Borders, Save the Children, Oxfam, and the Red Cross are some examples. Governments are increasingly addressing the looming climate crisis via agreements such as the Kyoto Protocol or the Paris Agreement as well.

Conflict arises over a variety of issues in world politics, but almost all conflicts arise due to a handful of predictable reasons. Land use and resource allocation are among the leading causes of conflicts. There are only so many resources in the world, and most countries are always looking for ways to secure more. Oil, minerals, and, increasingly, fresh water are the resources at the center of most conflicts. The Dokdo Islands (known to Japan as the Takeshima Islands) between South Korea and Japan, for example, are contentious for their potential oil reserves. The Falklands were claimed by Argentina, as they are just off the coast, before the United Kingdom invaded and took them back. The 1950 takeover of Tibet by the People’s Republic of China, to reacquire territory that was historically part of China, has led to continual protests by Tibetans.

Competition for resources within a country often leads to social and political unrest. It is often overlooked when reviewing conflicts, as discussions about religions and ethnic strife are easier to grasp. But many times, people just desire more access to resources that are necessary for survival. One of the biggest complaints Palestinians have against Israel is that they do not have adequate access to water for living or farming and that they are cut off from markets in Israel. Drought can cause people to flock toward cities, looking for new lines of work other than farming, which in turn can destabilize a government. Finally, within a country, different groups can conflict over resources, such as the farmers bickering with nomadic herders in southern Sudan. Greed over resources can also fuel civil conflict. In places like Angola, Sierra Leone, and Cote d’Ivoire, blood diamonds were central in starting civil wars. Money from diamonds often acquired by slave labor was used to fund both sides of the conflict.

Conflict over ethnic and national identities is another issue. In the 1990s, the breakup of Yugoslavia unleashed genocidal, ethnic violence in the Balkans, including the resurrection of concentration camps. Europeans drew colonial borders in Africa that did not respect the languages or tribal affiliations of the people living there, resulting in serious tribal warfare and ethnic conflict that continues to this day. Globalization has made migration easier. Unfortunately for those migrating, sometimes anti-immigrant factions gain traction in national governments, resulting in intolerant and discriminatory laws being passed. The Golden Dawn group in Greece and the Progress Party in Norway are examples of two fascist political parties that have become mainstream due to fears about immigration.

Religious differences also stoke political conflict. Christianity, Judaism, and Islam (three religions originating with belief in the same God or Allah) tend to fuel most, though by no means all, religious conflict. Jerusalem is sacred to all three of these religions; for well over 1,000 years, Christians, Jews, and Muslims have been fighting for control over the city. This continues today. The partition of India after British withdrawal from the colony led to mass forced migration and violence between Hindus and Muslims. And today, conflict between Sunni and Shia tribes in Iraq claims hundreds of lives.

ECONOMIC GEOGRAPHY

Economic geography is the study of economic systems and processes as they occur across space. What does this mean in everyday language? Economic geographers look at production, trade, and money exchanges, all of which occur in and across places.

Economics can be broken down into four levels. Primary economics is the core level that humans have performed since they first began farming 12,000 years ago. Primary economics includes things like the gathering of raw materials via forestry, agriculture, mining, fishing, and raising livestock. Secondary economics (often referred to as “production”) is the process of turning raw materials into products. This includes things as mundane as turning grain into cereals and trees into lumber, as well as more complex things like steel into automobiles and silicon into computer chips.

Tertiary-level economics are often referred to as service industries. These are mostly concerned with selling a product or service. For example, restaurants sell you particular foods, clinics provide health care, and schools and universities offer specialized or general education. Quaternary economics include the most abstract activities, including things such as research, management, product advertisement, and data management. Though abstract, these types of economic activities are often the most lucrative.

Economic geographers are often interested in the location of these four economic activity levels, including why activities occur where they do and how these activities move and evolve over space and time. The location of any economic activity is dependent on several factors, including capital (money availability), nearby resources, energy, labor, land, and markets. A quick look at the previous list reveals that all of these things are impermanent, constantly changing. Thus, economic activity changes too, as resources are depleted, new resources are discovered elsewhere, labor moves, or costs shift.

The impact of changing locations is evident across the Rust Belt in the United States. Once a mighty manufacturing center, the upper Midwest has seen its manufacturing jobs quickly disappear overseas due to lower labor costs. The same can be said for call centers; once a stable form of employment for many young Americans, most of these jobs have shifted to India, where English is an official language and labor costs are much lower. The latter example highlights another, more recent change taking place in economic geography—telecommuting and online businesses. Computers and the Internet have made it possible for people to live in one place (such as India), work for a company thousands of miles away (such as in the Silicon Valley), and interact with customers around the world.

Given all of these different economy levels and the variables impacting location, economic geographers tend to gravitate toward a holistic model to help in their analysis. The most common model used is the world economy. The world economy is a global structure or container of all economic activities taking place. In this model, all places are interconnected and interdependent. The general public often refers to these interactions as “globalization”—interactions within and between global regions.

      The World Economy

The world economy model is great for observing economic activity from a variety of scales. From the global down to the household, all economic activity fits within the model. However, it does not explain the power relationships and processes involved in economic activities. The core-periphery model does. In the core-periphery model, all economic activity is an interactive process between those who have resources and power in certain situations (the core) and those who do not (the periphery). Those in the periphery largely work at the mercy of those in the core with the hopes of bettering their situation economically and one day becoming core. Core-periphery relationships operate across all geographic scales. Developing countries are peripheral at the global scale compared to the United States. However, within any developing country, you will find core-periphery relationships as well. The oligarchs of Russia are extremely wealthy and powerful compared to Russian coal miners.

As the world economy continues to shrink due to better telecommunication and transportation technologies, countries have begun to create trade organizations. These organizations, such as the European Union (EU), North American Free Trade Agreement (NAFTA), and the Association of Southeast Asian Nations (ASEAN), have been formed to reduce and eliminate barriers to the movement of resources, goods, services, and capital. The organization of new market territories is actually not new. It has been occurring since the beginning of globalization hundreds of years ago. Originally, city-states such as Genoa and Venice, Italy, were the primary markets and producers. Then, national economies, or country-based economies, began to dominate. Technology has always played a role in economics. Inventions in transportation have enhanced production and the ability to get merchandise to new markets (e.g., wagons, canals, interstate highway systems, containers for shipping, cashless societies, and GPS tracking).

There are costs to globalization, of course. Otherwise, Venice would still be as economically powerful as Singapore is today. The repercussions of globalization can be devastating on a community. For example, by allowing U.S. corporations to move manufacturing to other countries with cheaper labor, hundreds of thousands of Americans have lost decent-paying jobs. In turn, they can no longer buy as many products (helping the economy) as they once did or help invest in their local communities through paying taxes.

Often, environmental regulations in other countries are less strict than in the United States, resulting in massive pollution and terrible living conditions for those living in other countries. Corruption in poor nations often means that most of the money goes to a few powerful individuals at the expense of the workers. On the other hand, the advantages of globalization are also numerous. If the computer you are reading this on was produced solely in the United States, there is a good chance it would easily cost three times as much. Consumer prices are much lower when cheap labor is used. Moreover, it results in higher employment for people living in developing nations, helping people climb out of poverty—or simply survive.

The technologies underpinning modern globalization are increasingly best thought of as a complex system themselves. Globalization depends on standardized transportation and communication networks. To get goods from one side of the world to another, one needs not only trucks but also an integrated shipping, rail, and air-freight system. There are numerous choke points that can hold up economic activities, particularly in countries that are vulnerable to political instability in crucial transportation zones. The Panama Canal, Suez Canal, straits of Malacca, Hormuz, and Bosporus are all examples of places where political turmoil could potentially cripple large segments of the world economy.

Moreover, as today’s gadgets are tracked from factory floor in Pudong, China, to doorstep in Bismarck, North Dakota, the world economy is increasingly dependent upon effective telecommunication and tracking technologies. Disruptions to communications due to hacker attacks, solar flares, or severed fiber optic cables can wreak havoc. Increasingly, people shop online; packages are tracked using a global positioning system (GPS) or radio-frequency identification (RFID); and production cycles are carefully planned and timed to maximize efficiency and profitability. When telecommunications or transportation are disrupted, the results can be disastrous for companies, communities, and people waiting at their doorsteps in Bismarck.

POPULATION GEOGRAPHY

The study of population is referred to as demography. Demographers are obsessed with studying both the composition of populations and how their composition changes over time. Population geographers study demography as well. However, they add a spatial component. Beyond merely researching population trends within different populations (often those found in different countries or provinces), geographers also analyze spatial trends—how population trends change throughout space and time. For example, demographers might study the changing ratio between birth and death rates in Uganda over the past 30 years; the percentage of a population that affiliates with a particular ethnicity; how long it will take a country to double its population at current growth rates; or the rate of natural increase. Population geographers study all of these things too, but they also compare and contrast differences between places and analyze how demographic trends have varied spatially.

There are several tools at a population geographer’s disposal to help analyze demographic change. Population pyramids are great for visualizing and comparing populations. They not only reflect the current composition of a population; they also highlight the impact of past events, like wars, famines, and massive migrations, and they predict future challenges, like an aging population or a large number of young people who will soon need jobs.

The second tool is the demographic transition model. This is both a visual and analytical tool. Visually it demonstrates how different societies go through a transition from high birth and death rates to low birth and death rates. (Industrialization is a major factor pushing societies through this transition.) As the model stages correlate to the different demographics of a particular society, one can use the model to gauge how developed a society is and to also make predictions about future population developments.

These tools are extremely useful for policy makers. They help politicians and economists figure out which types of infrastructure, like schools and transportation, will be needed in the future. Policy makers can evaluate how many workers will be needed to support the older, retired population and whether enough jobs will be available when the youth enter the workforce. By keeping track of population trends ahead of time, governments can try to avoid population crises.

Again, however, population geographers are not only concerned with trends over time but across space. Spatial distribution and processes are of the utmost interest to geographers. Analyzing rural-to-urban migrations—locally, regionally, and even globally—helps shed light on which areas are developing the fastest and which rural areas are most likely to become urbanized. Geographers also analyze these trends from a historical perspective. They play a crucial role in analyzing how peoples migrated across continents, including the westward movement of peoples across the United States and the spread of people across Africa, Asia, and Europe thousands of years ago. More recently, geographers help study regional and internal migrations, such as patterns of movement from the Rust Belt to the Sunbelt in the United States and from East Central Europe to Western Europe after the fall of the Soviet system.
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The demographic transition model analyzes the composition of populations and how their composition changes over time. The model can be used to make predictions about future population developments. Stage 1 (High Stationary) shows high birth and death rates typical of pre-industrialized, least economically developed countries. Stage 2 depicts a high birth rate, but falling death rates in an industrializing or developing society. In Stage 3, birth rates begin to fall and the population is growing. In Stage 4, the birth and death rates are low and the population is steady. Post-industrialized countries in Stage 4 include the United States, Japan, and Great Britain. (ABC-CLIO)

Geographers are also interested in the role that technology, climate, and physical geography play in population distribution and density. For example, what impact do high-density buildings have on urban settlements? Where are farmers migrating in Asia, Latin America, and Africa now that their jobs are increasingly being mechanized? Even climate change is shifting populations as certain agricultural areas fall prey to desertification or no longer produce the yields they once did.

Transportation links have always been a core component in determining population distribution. Most people in the world live along coastlines or major rivers, because water transportation allows for easier access to other parts of the world. More recently, populations have concentrated along railroads and highways. Many large urban areas have become so interconnected due to settlement along transportation corridors that sometimes a variety of cities seemingly merge into one—called a megalopolis. For example, the Boston-Washington corridor is a megalopolis. One really does not leave urban areas driving on the interstate between these two cities, going through New York, Philadelphia, and Baltimore on the way. This phenomenon is found throughout the world, with possibly the most famous example being the Tokyo-Yokohama-Nagoya-Osaka megalopolis.

Finally, geographers naturally look at physical factors impacting population distributions. Near-impassable mountains, seas, and rocky coastlines will always impact settlement patterns. Rivers may attract heavy settlement in areas that are otherwise largely devoid of people. Large deserts, such as the Sahara in Africa, will limit interactivity between peoples who share the same continent.

      Migration

Humans are perhaps best characterized by their inkling to and resourcefulness at moving. Migrations occur constantly and everywhere. Geographers break down migrations into different types. First, migration is either voluntary or forced (i.e., involuntary). Often, outside forces such as war, natural disasters, and even bosses make people move even though they would rather not; this is involuntary migration. Other times, people move in the hopes of bettering their lives; this is voluntary migration.

Beyond these two broad categories, geographers analyze migrations based on their lengths. Short-term migration is when people move for work; due to environmental disasters, such as hurricanes, tornado damage, or volcanic activity; or because they are refugees. It can be voluntary or involuntary, depending on the situation. Temporary migration is different, as it is almost always voluntary (e.g., snowbirds from northern states flee to Arizona in the winters; others might spend just over six months residing in another state to avoid paying higher income taxes in their home state). Permanent migration is that which is terminal; there is no intention of returning to one’s origin. Accepting a job offer in another state or country would be an example of permanent migration. In fact, even moving to a new house in the same city is permanent migration, as it is unlikely one will move back to the same home one left.

As shown in the previous examples, people move for a variety of reasons. However, a majority of migration occurs for one reason above all else: economic betterment. People typically migrate because they believe, rightly or wrongly, that it will result in more economic opportunity. Geographers also analyze the reasons behind migration by analyzing push and pull factors. A push factor is a situation that results in people wanting to leave a place. Generally, things such as high crime rate, lack of jobs, horrible climate, and distance from friends and family are push factors. Pull factors are processes and situations that attract migrants to a place. High-paying jobs, good educational opportunities, low crime, and natural resources are typical pull factors.

Again, economics trumps almost everything else when it comes to migration. North Dakota has one of the highest immigration rates due to the oil boom. The climate is harsh, the natural landscape is largely flat, and the housing stock is small, but the opportunity to make a lot of money working in the oil fields currently trumps all of the other factors.

Regardless of whether a place loses or gains people from migration, those who remain are always affected. Those remaining behind at the origin of migration—the place people have left—may see a worsening of economic conditions because a part of the labor force has left. On the other hand, sometimes those who have left send back remittances—money earned elsewhere. Likewise, those previously residing at the destination of migration will be exposed to new cultural practices and competition for existing jobs. They may find that the existing civil infrastructures, like transportation, power, and housing, are stressed. Traditionally this leads to serious tensions between those who have migrated to a place earlier than those who are currently arriving.

SETTLEMENT GEOGRAPHY

Settlements do not just appear on the landscape without reason. Each settlement has a function, or generally a handful of functions, in society. These functions are a settlement’s reason for existence. Often, when a settlement forms, it has one main economic function, such as that of a shipping port or a market town. Over time, it develops more functions, such as residential and recreational. Settlements even shift functions—the function of a market town may shift to that of a tourist town. In fact, functions typically change over time, and their role in a society at any given time can induce rapid population growth, decline, or even the extinction of a settlement altogether.

Internally, a local government may rezone or provide economic incentives to attract new types of businesses. Beyond the control of any settlement, a major resource discovery may make a sleepy hamlet boom into a large city almost overnight. This is how San Francisco became so prominent and how many formerly rural towns in North Dakota are starting to resemble Texas oil towns.

One way of changing a settlement’s function is to embrace and promote growth industries. Places such as Austin, Texas, have been very successful at attracting high-tech industries. On the other hand, the loss of a major industry, which is inevitable with nonrenewable resources, can have an opposite effect. The decline of the steel industry in the United States has resulted in many formerly great cities, such as Detroit, Cleveland, and Flint, falling into decline. The entire Rust Belt of the United States is attempting to redefine its function within the United States economy now that auto manufacturing and the steel industry have largely moved overseas.

Settlements flourish along transportation routes. As the type of transportation commonly used evolves, so too do the dominant settlements. For example, most people live along coastlines, because it allows for easy transportation via boat. Inland, however, different modes of transportation dominate. Cities developed along rivers, as riverboat traffic made it easy to move goods away from the coast. Once railroads started crisscrossing the landscape, settlements began to grow along them. Railroad settlements became excellent hubs for commerce and to pick up supplies from far away. Few people use railroads as their main form of transportation in the United States anymore, though. The dominance of railroad settlements has been replaced by that of cities along the interstate.

Technological changes will also impact the size and role of a settlement. Before air conditioning, living in the southern parts of the United States was not very desirable to a large amount of people, who were used to a temperate climate. Before Hoover Dam created Lake Mead in the desert, there was no reliable water source for Las Vegas, and therefore its growth was limited. Desalination plants in Saudi Arabia and Israel have made it possible for those populations to continue to grow, even though the natural environment isn’t conducive to it.

Push and pull factors are closely related to a settlement’s function and also impact the size and role of a settlement. A number of pull factors attract people to growing settlements, including high-paying jobs in desirable fields. Silicon Valley and Wall Street draw technology buffs and finance gurus, respectively, because there are high-paying jobs in these places. Educational opportunities, like universities and good K-12 education systems, are also pull factors. Few people want to raise a family where the schools are horrible or dangerous. Some things that cannot be overlooked are cultural amenities—access to entertainment, shopping, and other cultural festivities. Generally, access to cultural events is desirable. Finally, the availability of public transportation, not just within a settlement but leading into and out of a place, is a pull factor. If a good transportation infrastructure is in place, such as a system of airports, trains, and interstates, it will be easier to do business and interact with other faraway places.

There are also push factors that drive people away from certain settlements—especially those that may be in decline. Crime is one of the biggest push factors; no one wants to feel unsafe. Pollution and congestion are also high on the list of undesirable settlement traits. Traffic and inadequate health care are further examples of push factors—no one wants to have a heart attack four hours from a hospital.

      Settlement Patterns

Geographers not only study where settlements occur but also their overall patterns, like how settlements complement and interact with one another. For example, even at a regional scale, settlements will often align themselves along roads. Large urban centers will often spawn residential suburbs. Rural areas will be dotted with villages providing basic necessities to those far away from cities. These patterns are affected by a variety of geographic traits, including transportation networks, how conducive coasts are to settlement and shipping, and the physical terrain of a region (e.g., settlements along rivers and mountain edges). Another crucial geographic trait is “break of bulk point.” This is when settlements develop at an ideal location for distribution and access to numerous other resources. Chicago, for example, grew because of its railroads. It connected the East Coast of the United States with the western United States, including ready access to cattle.

Places constantly change; the same goes for settlements. Settlements constantly shift—grow, decline, and change. A prime example is how suburbs have largely redefined the role of urban downtowns. Once upon a time, downtowns were the commercial shopping hub of any metropolitan area. Today, suburban malls have largely taken over that role. Infrastructure upgrades can induce drastic change as well. New roads, mass transit lines, fiber-optic lines, sewer systems, and electrical grids can shift development from one side of a city to another and also attract different businesses, such as high-tech employers, that did not previously exist. Commonly, as settlements change and grow, new urban corridors develop. This is common throughout Europe, where very little space separates villages and cities. In the United States, the most common example is BosWash—a continuous urban development that stretches from Boston to Washington, D.C. Many other examples exist as well, including the Hong Kong-Shenzen-Guangzhou corridor in China and the São Paulo-to-Rio de Janeiro corridor in Brazil.

Beyond looking at the patterns of settlements in relation to one another, geographers are also interested in looking at internal patterns. Many models have been developed to analyze the composition of different types of cities in different regions of the world. Models include those referring to a Central Business District (CBD), concentric circles of development, or different city sectors. Though models are never perfect, some have proven effective for explaining why certain parts of a city interact with other parts as they do. Almost all of the models focus on land use—how different regions of a settlement are used by the residents.

Land use changes depending on what the community values, wants, and needs. For example, in some cities and towns, there will be an emphasis on providing many public parks and playgrounds. In others, typically those with more senior populations, there will be very few parks and playgrounds. Again, transportation plays a key role in land use. If easy access to areas does not exist, it is less likely these areas will be used or embraced by the local community. Some places emphasize walkability, for example, and have extensive sidewalk and trail infrastructures. Other places are more interested in mass transit. Each settlement develops differently based on such factors.

The main reason settlements differ in land use and function, however, has to do with the fact that different places need different things. In a settlement experiencing rapid population growth, mass transit and transportation development will probably take precedence over creating historic preservation sites. Transportation needs can change a place, too. Once upon a time in the United States, many medium-sized cities had extensive trolley systems. However, car companies played a role in making sure trolleys were replaced by buses, and street development for individual automobiles was promoted over rail.

Increased desire for certain amenities by a population may result in shifting development plans. For example, many riverfronts that were once largely sites of industry are being converted to parks and shopping centers. It is a change in industries and services that often results in an opportunity to redefine what a particular area of a settlement can and will be used for.

HISTORICAL GEOGRAPHY

Geography and history largely go hand-in-hand. Historical analysis emphasizes change over time, whereas geographic studies are interested in change across space. However, change across space occurs over time, and likewise the changes occurring throughout time almost always have a spatial element. Thus, historical geographers study the role that geography has played in historical developments.

One of the most common geographical features affecting humans throughout time has been physical geography. Physical features both facilitate and hinder human movement and the ability to develop. For example, it was the Northern European Plain that, from pre-Roman times up through the World Wars, facilitated quick movements between Western Europe and Asia. Due to the monsoon winds and currents, Arab traders brought to modern Indonesia not only goods from the Middle East to trade but also the Islamic religion. In Africa, physical geography impeded European colonialism. Coastal escarpment (coasts with steep cliffs or slopes) meant there were few good places to build ports and extract minerals. Interior swamps and rain forests made building transportation infrastructure difficult. Tropical diseases wiped out European settlers in Africa nearly as effectively as European diseases wiped out Native American populations.

Historical geographers also explore and explain connections between places and peoples throughout time. European migration to the Americas, for example, helps to explain not only the ethnic composition of different parts of the United States today (e.g., Icelanders in North Dakota) but also the spread of cultural traits, diseases, and close international relationships.

The economic malaise in Africa since the 1950s, for example, can largely be attributed to the ethnic tensions created by Europeans who flippantly drew unrealistic and downright bizarre national boundaries when carving up the continent. The colonization of the Americas by Europeans was not simply the result of curiosity; the Ottoman Empire disrupted the Silk Road trade, forcing Europeans to look for alternative trade routes to Asia, which led them to the Americas.

How things are spatially organized also changes over time, giving historical geographers plenty to analyze. For example, the diffusion of certain phenomena can cause major geographic changes in different regions. The spread of diseases—AIDS, West Nile Virus, dengue fever, bubonic plague, and Ebola—will change the geography of a place. The spread of religion can result in major social upheaval, such as Catholicism to Europe and Islam to Central Asia. Finally, the spread of modern technology can completely transform economies and change the landscape of entire societies, such as the complete elimination of neighborhood movie rental stores or the decline of small retailers.

      Changes in Culture, Organization, and Perception

One thing that historical geographers are fascinated by is successive cultures—how cultures that replace one another change places but also adapt aspects of previous cultures. Examples of this abound throughout history—Constantinople changing to Istanbul; Shanghai being forged by Chinese and European settlers; modern Peruvian society being shaped by the Incans, Spanish, and Japanese.

Migrations are another key area of research in historical geography. Every migration has a cause and effect, which can often only be realized in hindsight. Massive rural-to-urban migrations resulting from industrialization have transformed societies. Historical geographers are fascinated by researching things such as the role of slaves’ forced migration to the Americas on the development of Brazil or the role of the Dust Bowl on urban growth in the United States.

Another area of interest, particularly given today’s rapid change in technology, is how changes in utility and transportation infrastructure have affected society. Commercial agriculture in the developing world, for example, destroys local communities and forces people to give up land that they have had in their families for generations. Highways and high-speed railroads can quickly create “bedroom communities” of commuters out of villages that were once far outside of the suburban realm. Shipping containers have completely shattered the need to have manufacturing near a market; manufacturing jobs in the United States have plummeted, and the work is now largely done overseas.

Finally, historical geographers study how perceptions of geographic phenomena change over time. For example, the Arabian Desert had little value for foreign powers before the discovery of oil. The forceful removal of Native Americans from land in the United States was considered fair and just by a majority of white Americans back when it became policy. Today, it is considered one of the darkest moments in the history of the United States. The American West was also looked down upon as merely desert to be crossed on the way to California until railroads began selling the land and creating railroad towns.

Perceptions of the environment also change drastically with time. The Amazon, Congo, and Southeast Asian rain forests were for centuries considered by outsiders as little more than sources for timber and areas to be subjugated with technology. Now, of course, the world is trying to protect them as areas of biological diversity, necessary to slow climate change. Perhaps no place has been undervalued and unregulated as much as the Arctic Circle. It was once frozen over for most of the year, too dangerous to traverse for most boats when it was not, and horribly cold. Now, due to the warming climate, there are wide lanes for ice-free shipping, and there is ready access to underground oil, brewing conflict over how the area should be regulated.
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REFUGEES, POPULATION DISPLACEMENT, AND MIGRATION

The involuntary migration of refugee populations is a subject of great interest in settlement and population geography. The nuances and complexities of what drives refugees to migrate demonstrate how intricately human and environmental conditions are bound. Involuntary migration arises not just from human issues, such as ethnic or cultural tensions, but also from changes in climate or resource availability, which are tied closely to physical and environmental systems. And the displacement of populations has far-reaching effects on the populations of both home and receiving countries.

Refugees are individuals who flee a country of origin and take up residence in another state. Disasters, both natural and man-made, are the leading causes of refugee movement. In 2018, there were approximately 68.5 million forcibly displaced persons worldwide, 25.4 million of whom qualified as refugees, according to the UN Refugee Agency.

The 1951 United Nations Refugee Convention provides the right of asylum for individuals who are threatened in their home country. They cannot be forced to return if they face torture, death, or persecution. Refugees may resettle in a third country, stay in the state where refuge was first provided, or return home. However, while their lives may be saved in the short term, most refugees face uncertain futures. Solutions to their problems are often not easy to find.

One of the main causes of displacement is armed conflict, typically civil war. Economic and political underdevelopment are the main ingredients leading to civil war. In underdeveloped areas, there is no means of making a decent living, and there are few leaders to solve the problems. Civil wars fill the vacuum as groups struggle for power and resources, while war hinders development and causes more refugees. Refugees, in turn, lead to greater conflict.

Displacement, conflict, and poverty coexist in a vicious cycle that repeats itself over and over again. Poverty and unrest are common to much of Sub-Saharan Africa, the Middle East, and South Asia. This pattern has appeared in Afghanistan, Iraq, Syria, Libya, Democratic Republic of the Congo, Rwanda, Sudan, Sierra Leone, Ethiopia, Somalia, and Burundi. These are among the nations that have suffered the greatest displacement in recent decades.

      Climate-Related Displacement

In addition to war, climate-related displacement is likely to cause a wave of internal and international migration throughout the world. Climate change is often considered to be an environmental problem; however, it is increasingly proving to be a human one. Today, displacement and relocation due to environmental change occur everywhere from Bangladesh, to Tuvalu, to the U.S. Gulf Coast.

While its reach is worldwide, climate change most dramatically affects those living in developing regions, where economics limit a nation’s capacity to adapt to a new environment. High exposure to climate change impacts, like rising sea levels or intense tropical storms, coupled with a limited ability to add infrastructure such as seawalls or levees, means that migration is often the only option for survival. For many, mass relocation means the loss of cultural heritage and property rights, as well as new competition for resources.

Relocation also comes with financial costs to national governments. In 2013, the village of Vunidogoloa in Fiji became the first to be entirely relocated under the nation’s climate change program. It is estimated that 34 other Fijian villages will need to be relocated due to eroding coastlines and saltwater spilling into drinking water wells.
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Aerial view of Kivalina in northwestern Alaska. Rising sea levels are steadily eroding Kivalina’s coastline so much so that scientists predict the island will be underwater by 2025. The Inupiaq whaling community of around 400 is seeking options for relocation. (Don Bartletti/Los Angeles Times via Getty Images)

The United States faces similar challenges. Scientists believe, for example, that by 2025, the village of Kivalina in northwest Alaska will be entirely underwater, and its inhabitants will be forced to relocate. In addition, many believe the tiny village of Newtok, on Alaska’s west coast, may be washed away within the decade, displacing hundreds of residents, most of them Native Alaskans. Relocation became a reality for residents of Isle de Jean Charles, Louisiana, in early 2016. The 60 residents of the low-lying community received $48 million in federal grant money to move their entire community. The plan calls for the community to resettle—by 2022—on drier land, to a place where a community doesn’t already exist.

In addition to direct environmental impacts from climate change, loss of resources may force people to leave their homelands and move elsewhere. Changes to the global balance of water serve as a good example. According to the Intergovernmental Panel on Climate Change, areas currently prone to drought, such as Saharan Africa or the southwestern United States, will likely get drier as global average temperature continues to rise. In addition, climate change may affect resources that people rely on for their livelihoods, such as forests or fisheries. Without an abundance of resources to sell or areas to farm, many people will be forced to move to already crowded urban areas or to new locations where raw materials can be harvested.

      Consequences and Management

The displacement of large numbers of people causes multiple side effects. Refugee camps allow the spread of communicable diseases. Refugees who cross into other countries can also cause tension within the local population. Often, these receiving countries have problems of their own. Newcomers and residents are forced to compete for scarce economic opportunities. Most refugees also want to stay close to their country of origin. This can cause serious local overpopulation issues as refugees cluster at the border. It also means that the refugees do not find better lives in places with more opportunities. Problems such as war and poverty become even more reinforced, leading to more refugees. The problems can begin to spread, setting off conflicts and creating security threats in neighboring states.

In 2018, Turkey and Pakistan hosted the greatest number of refugees, with Syrian refugees making up the largest refugee populations. Solving the political and security situations in these parts of the world would make a huge impact on the world’s refugee problem. This could free up resources that could be applied to refugee crises elsewhere. Unfortunately, there does not seem to be a ready resolution to many of these disputes.

The UN High Commission for Refugees (UNHCR) is the official UN agency tasked with the management of refugee crises. Its main goal is to protect the rights of displaced peoples. The Commission operates in more than 125 countries and takes a three-pronged approach. First, it tries to negotiate the repatriation of refugees by enabling them to return home. Second, it encourages host nations to fully absorb refugees. Third, it tries to arrange for refugees to leave host nations that may not be willing or able to support them and relocates them to another country.

Many refugee crises are long-term events. Protracted refugee situations (PRS) are defined by the UN as refugee situations involving at least 25,000 people who have been refugees for at least five years. Most PRS are in Africa and the Middle East. Turkey, Lebanon, Jordan, Pakistan, Yemen, Ethiopia, Chad, Democratic Republic of the Congo, Kenya, and Tanzania contained the largest PRS populations in 2018. The conflicts that lead to the PRS are often stalemated and threat levels do not recede enough for refugees to return home. Aid workers and activists also fear that the world has become desensitized to the plight of PRS. The outside world tires of trying to solve the problem, making it even more likely that the situation will drag on indefinitely.

Africa, Asia, and the Middle East face difficult paths to development. The insurgencies that persist today in much of the developing world can make it impossible for governments to gain enough stability to promote lasting economic development. The cycle of poverty, war, and displacement will not be easy to break. One obvious point to begin is at the conflict level. Restoring law and order and basic human security can allow time for economies to grow, bring peace, and allow refugees to return home. Because no single approach seems to be universally successful, however, this issue demands a great deal of urgent attention.

International migration resulting from climate change, rather than conflict, is also riddled with political complexities. Although people are already relocating globally as a result of climate change, none so far have been granted refugee protections under international law. An important political and cultural question arises in cases where rising sea levels are projected to wash out land masses of entire nations: What happens to a refugee’s citizenship status when his or her home country no longer exists? Physical borders are currently a requirement for a nation’s government to be considered a “state” under international law, and it is so far unclear what this situation would mean for relocated citizens of non-existent countries.

For now, numbers of climate refugees are relatively small and the challenges related to relocation are limited to particular national governments. But without a comprehensive plan to address the potential for mass realignment of the world’s population, the United Nations and the global community could potentially face the threat of a never before seen climate-related humanitarian crisis, in addition to the crises it already faces from armed conflict. However, the work of settlement and population geographers to understand the complex associations and networks between people and places across the world may help us to better understand how to deal with them.

Leeann Sullivan and Karl DeRouen
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GEOPOLITICS: GEOGRAPHY AND INTERNATIONAL RELATIONS

Geopolitics, in its most common meaning, is the study of how geography affects international relations. More specifically, it examines how physical geography (landscape, climate, natural resources) and human geography (political system, culture, and demographics) influence how a country cooperates or comes into conflict with another country. Much of the time, geopolitics examines the relations between two different countries, but technically, geopolitics can also encompass relations between states or regions within a country, supranational organizations, or corporations.

The study of geopolitics rose in the late 19th and early 20th centuries, divided into two schools of thought. The German School tried to find the reasons why certain countries were more powerful than others in order to figure out how to become powerful themselves. The British/American School identified world regions that were strategically important in order to control those areas and grow more powerful themselves. The German School of thought was led by German professor Friedrich Ratzel (1844–1904). His abstract theories, unfortunately, were embraced by the Nazi Party and used to formulate an expansionist policy. This association tarnished the study of geopolitics for many decades following World War II.

The British/American School developed under Oxford University geographer Sir Halford J. Mackinder. Mackinder proposed that the country that controlled the “heartland” of Eurasia, which was rich in resources and natural defenses, could form a powerful world empire, should it gain influence and power in Europe. This became known as the “heartland theory.” Mackinder’s “heartland” was, at the time, the Soviet Union. Today it is Russia. Mackinder recommended creating an alliance to “contain” the Soviet Union and prevent it from gaining greater power in the world. This is the policy the United States and its western allies eventually embraced following World War II.

      Geopolitics Today

Today, many scholars use geopolitics to bring context to why government leaders make the choices they do. For example, the leader of a country with little arable land, a dry climate, and a large population to feed is more likely to cooperate with neighboring countries for food imports than the leader of a country that is virtually self-sufficient in food production. The leader whose country has little arable land has less power and more need, in this case, than the leader whose country is self-sufficient in food production. (Of course, in reality, a number of geographic factors come into play when considering how a country relates to other nations, not just how arable the land is.) However, power is an important component of geopolitics—geography does influence how much power a country has economically and politically.

For example, the United States has more navigable waterways than any other country. It’s most famous, the Mississippi River, bisects the nation, connecting the world’s largest piece of arable land—the Midwest—to New Orleans, Louisiana, through 14,500 miles of navigable waterways. New Orleans has a deep-water port where ocean-going vessels can load up on U.S. agricultural produce, machinery, natural resources, and other products shipped down the Mississippi River and access transoceanic shipping lanes via the Gulf of Mexico. The port of New Orleans handled more than 90 million tons of cargo in 2016 and is one of the country’s top exporting ports (Army Corps of Engineers 2016). The physical geography of the United States—the Mississippi River system and the natural port at New Orleans—contribute to the United States’ economic power in the world.
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A container ship floats through New Orleans, Louisiana, on the Mississippi River, 2017. New Orleans sits where the Mississippi River meets the Gulf of Mexico. Millions of tons of cargo from the United States are shipped to international markets and millions of international products are imported at the port of New Orleans. The city has been one of the country’s most important and lucrative ports since 1803. (Alex Grichenko/Dreamstime.com)

Because of this economic value, the United States has historically been committed to controlling the port and keeping access to it unfettered. Beginning with the acquisition of New Orleans in 1803 as part of the Louisiana Purchase and the defense of the city against the British in the War of 1812, the United States sought, among other benefits, to protect the port by acquiring Florida from Spain in 1819 and annexing Texas in 1845. These geopolitical decisions gave the U.S. control of the entirety of the Gulf coastline surrounding the mouth of the Mississippi River at New Orleans. Cuba, which sits at the entrance of the Gulf of Mexico, also concerned the United States, not only because of its proximity to the United States but also because of its potential influence on access to the Gulf. Over many years, U.S. leaders pondered annexing the island or purchasing it from Spain, but settled on driving Spain off the island in the Spanish American War in 1898. The United States has continued to exert influence over the island since, including the launch of an unsuccessful invasion at the Bay of Pigs in 1961 to topple the communist government led by Fidel Castro.

Geopolitics gives us explanation for many U.S. actions in the Gulf of Mexico over the last 200 years: to protect and defend U.S. territory and the American economy. The United States is abundantly endowed with natural resources and the pathways—or in this case, waterways—to get those resources to market. Those waterways, however, must be defended. The premise of geopolitics is that if a leader’s geographic motivations and constraints are known—what the country needs, with regard to geography—his or her political choices can better be predicted or understood. In this way, geopolitics is a way to analyze, understand, and even predict world events.

      Brexit

Brexit—the United Kingdom’s struggle to leave the European Union (EU)—is another interesting and complex example. The U.K. joined the economic union, also known as the EU, in 1973 and is the first country to try and leave it. Made up of nearly 30 European countries, the Union allows member countries to trade without tariffs; it allows citizens to freely move across borders without border checks; and it also allows citizens of one member country to work in another member country, among many other privileges. In 2016, however, following a global economic recession and a massive influx of refugees from North Africa and the Middle East, the British public’s discontent with EU membership had peaked. In a special referendum, 52 percent of U.K. voters chose to leave the EU. The vote itself is interesting to political geographers and other scholars: The majority of “leave” votes came from rural areas of England and Wales, while the “remain” votes came from Scotland, Northern Ireland, and London. The main reasons for voting to leave, as stated by voters, were “immigration” and “sovereignty,” or self-rule. These voters felt that both of these issues were compromised by the U.K.’s membership in the EU. The main reason voters chose to stay were “the economy” (Center for Social Investigation 2018). Scholars have found that a long history of social and economic inequality between rural England and Wales, and wealthier London; Scotland’s political affinity for the EU; and Northern Ireland’s relationship with the independent Republic of Ireland (which is an independent member of the EU) explain these divisions. Even in the Brexit vote, geopolitical factors were in play.

Because no country has ever left the EU, the leader of the U.K., Theresa May, had to find a way to disentangle the British economy from that of the EU in a way that benefited the U.K. (particularly in order to keep her top spot in British government). This proved difficult because the EU had the leverage, or negotiating power. The U.K. had much more to lose:

•      Global businesses were threatening to relocate from the U.K. to continental Europe, within the EU, in order to have access to more workers and free trade.

•      Three million non-British EU citizens were living and working in the U.K. If they were to return to their own countries upon the U.K.’s exit from the EU, industries and economies could collapse.

•      More than 1 million British citizens were living and working in other EU countries. Their status was thrown into question as well by the U.K.’s proposed exit—would they be unable to keep their jobs in the EU countries after the U.K.’s exit? (Fullfact.org 2018).

•      There was also the issue of the open border between Northern Ireland (part of the U.K.) and the Republic of Ireland (an independent country, to remain part of the EU). Thirty-five thousand people freely commuted across the border to work at the time of negotiations. A new customs check at this border would be incredibly unwelcome, not to mention go against the 1998 Good Friday Agreement that brought peace between Northern Ireland and the Republic of Ireland.

The EU, while it also stood to lose some economic benefits, didn’t stand to lose as much as the U.K. Furthermore, if the EU made it easy for the U.K. to leave, it could’ve unintentionally encouraged other countries to leave the Union, which would have been financially disastrous for those remaining members.

These difficult factors—which were readily foreseen by geopolitical scholars—left Theresa May with less bargaining power. Her country stood to lose not only economically, but also potentially by threatening the peace with the Republic of Ireland. Yet the fact that she could not strike a bargain that benefitted the U.K. led to her political unpopularity in the U.K., even within her own political party. As the deadline for a Brexit agreement loomed, she faced challenges to her power. However, any leader would have struggled with the same human and physical geographic factors of the situation. Understanding how these factors weakened Theresa May’s position while negotiating with the European Union makes it clear that there were serious economic and other consequences to the U.K.’s exit from the EU, no matter who the leader of the U.K. might have been.

Many factors influence world events, and not the least among them is geography. Scholars of geopolitics look at the demographics, natural resources, political systems, and landscapes that shape a nation and influence leaders’ decisions in foreign policy. These factors influence why a leader might choose to cooperate, but they also influence why a leader may enter into a conflict.

Julie Dunbar
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AGRICULTURE, POPULATION, AND SETTLEMENT

One of the greatest historical determiners of human settlement geography has been agriculture. Agriculture, or the systematic cultivation of domestic plants and animals, revolutionized human history several thousand years ago and allowed human populations to increase rapidly.

Agriculture was developed about 10,000 to 12,000 years ago in various parts of the world, after humans domesticated plants to be cultivated. Animals were also domesticated for use as sources of food and as muscle power to plow and produce food.

Agriculture also depended on availability of reliable water supplies. The places where agriculture was first developed are located near rivers, including the Nile River in present-day Egypt, the Tigris and Euphrates Rivers in Mesopotamia, the Hwang Ho River in present-day China, and the Indus and Ganges River valleys in present-day India. In these areas and elsewhere, irrigation techniques were developed in order to use these waters for farming. These irrigation methods were essential, particularly in the Nile Valley and in Mesopotamia, where the climate is too dry for farming and agriculture would be impossible without irrigation.

As agriculture was developed and perfected, it began to replace hunting and gathering because agriculture offered several advantages. Whereas hunters and gatherers depended on highly unreliable food supplies, agriculture allowed the production of steady, reliable food supplies. Hunters and gatherers were nomads who were forced to move from place to place in search of food. They could not accumulate possessions, and they were at the mercy of food availability. When game became scarce or the berries, nuts, and roots upon which they subsisted failed to ripen, many hunters and gatherers starved. In contrast, farmers could settle in one place, relying on their lands to produce food year after year. Thus, farmers could accumulate wealth and property. They began to build homes and other structures, and eventually they began to build cities.

Agriculture also made possible the division of labor. Not everyone had to be active in food production, because individuals produced enough surplus food to feed the rest of the population, including rulers and government officials, religious leaders, traders, and merchants. Eventually, the division of labor that agriculture made possible contributed to the development of social classes, with the status of farmers varying from one society to another.

      Small Populations and Subsistence Farming

Settlement was made easier by the fact that farmers could store food for future use. Farmers could not only store surplus food for later consumption but also exchange it for other types of food, clothing, tools, or weapons. Indeed, many buildings in very early societies were granaries used to stockpile food for use in the event of later crop failures or famines. All of these factors enabled populations in ancient agricultural societies to grow much larger than those in hunting and gathering societies. The number of people who could be supported by agriculture, however, varied according to the agricultural environment in which people lived. Some forms of agriculture were more conducive to higher population densities than were others.

Two forms of agriculture that affect population densities are subsistence agriculture and commercial agriculture. Subsistence farmers produce food for their own consumption, whereas commercial farmers produce food for sale. A commercial farmer produces far more food than does a subsistence farmer.

Some types of subsistence farming are associated with higher population densities than are others. Shifting cultivation, often known as slash-and-burn agriculture, has long been practiced in tropical rainforest environments in which soil fertility is low. This type of agriculture is associated with communal land ownership. A group of people who may live in a village own the surrounding lands in common. The farmers select a plot of land. They cut down trees and other vegetation and then burn the cut vegetation. The ashes fertilize the soil, and crops are planted on the burned plot. However, after a few years, the cleared land loses fertility, especially in rainforest environments with their poor soils. Crop production on this land ceases, another plot of land is chosen, and the process repeats itself.
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A barren farm field in Thailand. Subsistence farmers in Thailand practice “shifting cultivation.” They will clear the forest from a small patch of land to plant crops. After a few seasons, the farmers will let the forest return the field to its natural state, moving on to clear a different piece of land. Researchers have found that shifting cultivation is a sustainable way of farming because it allows for the replenishment of nutrients in the soil. (Toa555/Dreamstime.com)

At any given time, only a small percentage of the land available to a society is under cultivation. Most of the land lies fallow, regenerating its fertility until it is eventually cleared. As a result, slash-and-burn agriculture supports relatively few people, and population densities are low. Today, slash-and-burn agriculture is disappearing for several reasons. Population pressure, often associated with reduced crude death rates locally and elsewhere, forces more land to go into production at any given time. Given the fact that relatively infertile tropical soils require sometimes considerable time to regenerate their original levels of fertility, an increase in the amount of land under cultivation means that the land that is under cultivation is less productive.

In modern societies, farmers also face increasing pressure to grow crops commercially, rather than for their own subsistence. Descendants of farmers who once practiced slash-and-burn farming now produce crops and livestock commercially, and these products are exported rather than consumed locally. In some cases, farmers who once practiced slash-and-burn agriculture have strong economic incentives to produce crops sold illegally on the black market.

In many areas of the world where there was insufficient rainfall to grow crops, traditional food production involved pastoral nomadism. Under this system, nomads raised cattle, goats, sheep, camels, and other domesticated animals, in contrast to hunters and gatherers, who moved from place to place following wild animals. Pastoral nomads traveled with their flocks from place to place over the course of the year. They subsisted on meat and milk from the animals, and they traded animals and animal products for fruits, vegetables, clothing, tools, and other goods. Pastoral nomadism, like slash-and-burn farming, also supported only small populations.

However, pastoral nomadism is on the decline, as is slash-and-burn agriculture. Most nomads live in Eurasia or Africa, especially in central Asia and the Middle East. Their decline has been caused in part by the modern system of international boundaries. Many of these boundaries cross territory occupied traditionally by various nomadic societies. Governments now pressure nomads to remain within their boundaries rather than follow their herds across international borders. Many pastoral nomads have given up their nomadic lifestyles, often moving to settled dwellings in cities and towns where they work for wages.

      Intensive and Commercial Agriculture: Shifting Settlements

In areas with more fertile soils and with reliable sources of water, intensive subsistence agriculture developed. Large plots of land were cultivated year after year, with the result that much higher amounts of food were produced. The food not consumed immediately was stored for future use or traded for other commodities. Intensive subsistence agriculture supports much higher population densities than did slash-and-burn farming or pastoral nomadism. It works to organize production in such a way as to use as much of the available land as possible. For example, terracing, or cutting away slopes, is undertaken in order to create flat fields in hilly areas, allowing agricultural production in places that are otherwise too steep for cultivation.

Intensive subsistence farming has been practiced in many parts of the world for thousands of years and it remains an important source of food today. Many areas in which intensive subsistence farming was practiced in ancient times remain among the most densely populated areas of the world, notably in eastern China, northern India, Java, and the Nile River valley of contemporary Egypt. However, in ancient and medieval times, many persons who practiced intensive subsistence agriculture lived on the edge of survival. Crop failures, droughts, floods, and natural disasters could wipe out crops entirely or cause dramatic declines in crop yields, leaving these areas in danger of famine. Moreover, malnourished people were more susceptible to epidemic disease, further increasing short-run crude death rates in these societies.

In the United States and other developed countries, most farmers are commercial farmers, as opposed to subsistence farmers. Commercial farmers produce large quantities of food for sale and export, often with the help of many forms of modern technology. As an economy shifts from subsistence agriculture to commercial agriculture, far fewer people are needed to produce enough food to support large populations. As a result, rural population densities in the United States and other developed countries in which intensive subsistence farming is no longer practiced tend to be considerably lower than in less developed countries.

Agricultural workforces in places whose agricultural economies are dominated by commercial agriculture are also much smaller than in places in which intensive subsistence agriculture is still practiced. According to recent estimates by the World Bank, for example, less than 2 percent of the United States’ labor force is involved in agriculture, as opposed to more than 30 percent in countries such as India, Indonesia, and Vietnam. Moreover, while intensive subsistence farming continues to be practiced in many areas within less developed countries, commercial farming is by no means limited to developed countries. But the development of large-scale commercial farming has been associated with ongoing rural to urban migration and urbanization. And likewise, throughout recorded history, the development and practice of agriculture have been associated closely with demographics and changes in populations.

Fred M. Shelley
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ECONOMIC GLOBALIZATION

One of the most wide-ranging issues of concern in economic geography is globalization and the world economy. Globalization refers to the concept of increased human interaction and interdependence across the globe. Because economic geography is concerned with the spatial aspects of economics, globalization cannot be ignored as a point of geographic inquiry.

The interaction between different human societies has been limited for most of human history. Until very recently, humans were hindered by their inability to traverse geographical space in a short period of time. But human history is characterized by the shrinking of time and space dimensions that separate human societies. Now, the global economic system holds a greater level of mobility of capital, labor, and information than ever before. Economic globalization signifies the emergence of a unified, interdependent economic system that transcends international boundaries. As individuals, we are no longer isolated and unaffected by the actions of distant others. Human society is increasingly interconnected and interdependent. Our actions now impact others on a global scale. Our use of technology, our consumption patterns, our relation to the natural environment, and our decisions to go to war have far-reaching consequences that reverberate across the globe.

Globalization has occurred at some level for centuries, but over the past several decades, it appears to have accelerated. The advent of advanced telecommunications technology over the past 50 years, for example, represented by innovations like satellite television, cellular telephones, and the Internet, has globalized the flow of information and dramatically enhanced connections across countries and economies.

Globalization accelerated as international socialism declined in the 1980s and 1990s and international acceptance grew for neoliberal economic policies of deregulation. Capitalist economies encouraged the development of increased levels of international trade; larger levels of capital investment in foreign markets; and transfers of information, technology, and marketing strategies. In addition, the deregulation of capital changed the economies of developing countries as production moved to countries where labor was less expensive.
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Workers answer phones at a call center in Saudi Arabia. The expansion of large corporations has led to a growth in economic activity with a dispersal of manufacturing and service elements worldwide. (Corel)

Pools of highly skilled labor emerged in markets like India and Southeast Asia, available at lower cost than domestic sources. These markets induced numerous companies in the developed world to “outsource” many of their labor requirements, employing people in developing countries at a lower cost compared to employees in their home countries. One example of such outsourcing includes the technical support services offered by cellular phone companies and computer hardware and software makers. A customer in the United States may contact a call center for assistance and speak to a technician who is actually located in India or Latin America. Even major retail outlets, most from the developed world, have become globalized. The U.S. corporation Walmart, the world’s largest retailer, now has stores (although not all operate under the “Walmart” name) in more than a dozen countries located on five continents.

      The Controversy of Economic Globalization

While globalization has resulted in increased contact between people and has brought investment capital and economic development to many places, it has negative consequences as well. Economic globalization is a controversial concept that shapes human geography in both positive and negative ways. It changes the flow of economic activity and information, moving locations on national and international scales. Opportunities, resources, and markets, which often function as push and pull factors, move along with it. These changing locations and incentives help some, but they often hurt others.

To understand economic globalization as a controversial concept, it must be examined from multiple worldviews. Worldviews consist of the ideas that inform our perceptions of the world in which we live. One worldview, the free market or neoliberal view, describes the ongoing global trend toward the freer flow of trade and investment across borders and the resulting integration of the international economy. In this view, globalization expands economic freedom and spurs competition. As a result, it raises the productivity and living standards of people in countries that open themselves to the global marketplace. This definition sees globalization as a beneficial process that enables free markets to provide for individual freedom.

The institutionalist worldview agrees with the neoliberal view that globalization is a positive benefit to humanity. However, institutionalists believe that regulation and international cooperation are essential to retain the stability of the global system. Institutionalists argue that globalization has created a world of complex interdependency. In this world, all countries are connected, so they all rely on each other for economics, politics, and general well-being.

Given this complex interdependency, institutionalists argue that countries must create mechanisms to enhance cooperation and understanding to solve collective problems. These problems include economic decisions, environmental problems, conflict and security, and other issues that affect more than one country. Institutionalists recommend international agreements and institutions to provide for better cooperation and understanding of globalization. These mechanisms offer a way to increase communication among actors to deal with collective issues associated with globalization.

The critical worldview of globalization is not against the idea of globalization per se, but is opposed to the contemporary form of capitalist globalization. Critics argue that capitalist globalization represents injustice, domination, and exploitation, oppressing the majority of the world’s people and destroying the Earth’s natural environment. Some view globalization as a continuation of the drive by the developed world to dominate international relations and control the production and distribution of wealth. They argue that economic globalization is a form of imperialism. Under imperialism, “core,” or “rich,” capitalist countries exploit the labor and natural resources of “periphery,” or “poor,” countries. In this view, globalization is the process by which capitalists enrich themselves at the expense of human rights and environmental health.

Furthermore, many argue that there are clearly negative economic effects associated with globalization, both for developed and developing countries. For example, global mobility of labor, especially of highly skilled people, is frequently to the detriment of developing countries, who are the victims of a “brain drain” to the developed world. Doctors, engineers, and other highly skilled personnel, many of whom were trained at the expense of their home country, are able to migrate to the developed world, thereby undermining the potential for development and improved living standards in their countries of origin. In the developed countries, opponents of globalization claim that the wages and bargaining power of workers are weakened and jobs are actually lost due to the relocation of capital and production facilities to developing countries, where wages are lower.

      Geographic Significance

Those who argue for the positive aspects of globalization point out that at least for some, the process of globalization represents a shift toward equalization of economic opportunities and advancement, as well as providing jobs and economic development to workers in developing countries that otherwise would not be available.

“Outsourcing” results in job losses in economically developed countries, but it also rewards skilled workers in underdeveloped economies by creating well-paying jobs. This might lead to a global expansion of economic opportunity and ultimately a more equitable distribution of wealth. However, with its current reliance on deregulation, it might also threaten environments and people. Regardless of whether one sees globalization as harmful or beneficial, the process appears to be accelerating and will likely reshape the world of the future.

Economic globalization, with both its flaws and benefits, causes major shifts in the spatial interactions and behavior of human populations. Cargo ships, trains, airplanes, and trucks allow goods to travel and meet demands nationally and internationally. Moreover, telecommunications technologies such as phones and the Internet allow products and services to be marketed, bought, and sold almost instantaneously. And flows of capital have accelerated, not just due to improved transportation but also due to changes in the actual form of capital. Financial transactions and investments can occur in seconds through lines of code.

These advances and changes in the global economy have given rise to a new international division of labor. Goods, people, and even companies can now move across borders. With both its flaws and benefits, economic globalization has wide-ranging effects on the spatial organization of economic activities and of people on both a global scale and an individual one.

Reuel R. Hanks, Justin Ervin, and Zachary A. Smith

See also: Cultural Convergence; Offshore Outsourcing; Transnational Corporations; World Systems Theory

HISTORICAL GEOGRAPHY AND THE ARCTIC CIRCLE

The Arctic Circle presents a fascinating case study for historical geographers. This is because it is a region whose function and physical makeup have changed greatly over time. The once-mythic Northwest Passage, for example, has held many different meanings and functions for human societies over the course of hundreds of years. Perceptions of the passage through the Arctic have shifted from considering it a potential trade route between oceans to valuing it for its abundance of exploitable and profitable resources.

The Northwest Passage refers to the northern navigable sea route atop North America that links the Atlantic Ocean with the Pacific. The passage was the object of numerous Arctic expeditions by mariners representing various nations. It occupied the minds of explorers, geographers, merchants, and imperial officials between the early modern period and the 20th century. The search was largely compelled by the promise of a more direct and less hazardous means of reaching Asia from Western Europe and eastern North America. And one by-product of the quest was the European discovery and settlement of what became the United States. In order to locate a strait farther south from the Arctic latitudes, explorers such as Lewis and Clark conducted overland expeditions, while others led maritime voyages of discovery to the Pacific Northwest coast.

[image: image]

For centuries, explorers had searched for a sea route through the Arctic Ocean that connected the Atlantic and Pacific Oceans. When they finally found the Northwest Passage in the 20th century, crossing it proved costly and not always possible due to sea ice. The passage became consistently navigable, however, during summers beginning in 2007, due to melting sea ice. (ABC-CLIO)

Once word spread throughout Europe of the existence of a massive continent blocking the westward route to the Orient, there began a centuries-long obsession to locate a passage around it. In the 15th and 16th centuries, many searched for the fabled route—to no avail. The voyages did, however, lead to new discoveries on the American continent, which paved the way for the settlement of North America by the English, French, Spanish, and Dutch.

The 18th century witnessed less such activity from the North Atlantic. British expeditions to locate a passage via the northern part of Hudson Bay ended in disappointment. The main discoveries relating to the passage were made by overland treks of Samuel Hearne in the late 18th century, which determined that there was no intervening strait between Hudson Bay and the Pacific.

By this time, Britain, France, Spain, and the United States were heavily focused on exploring the South Seas and the Pacific Northwest coast. On his third Pacific voyage in 1778, Captain James Cook searched for the entrance to the Northwest Passage along a stretch of coastline from Vancouver Island to the Bering Sea. Cook was stopped by heavy pack ice. Entrusted with the same objective between 1791 and 1795, Captain George Vancouver conclusively found that a Northwest Passage through the North American continent did not exist. And the Lewis and Clark expedition between 1804 and 1806 provided final evidence that a passage through American territory did not exist.

      Changing Priorities and Functions

After explorers concluded that the search for the Northwest Passage was fruitless, 19th-century expeditions to locate the passage no longer held the same objective. Rather than searching for a more direct link to Asia, nations were more interested in making scientific discoveries and territorial claims in the Arctic. British expeditions sponsored by the Royal Navy yielded information that all but ended the possibility of locating a commercially viable route. But this disappointment was greatly offset by the construction of the Suez Canal in 1869 and the Panama Canal in 1914. The new canals provided shorter maritime routes between the North Atlantic and northern Indian oceans (with the Suez Canal) and the Atlantic and Pacific oceans (with the Panama Canal).

However, attempts to find the Northwest Passage did not entirely cease in the 20th century. In 1906, a Norwegian explorer completed the first voyage through the Northwest Passage between Greenland and Alaska. And a Canadian RCMP vessel made the crossing from west to east in the years 1940–1942.

The first successful commercial voyage through the Northwest Passage was not made until 1969. That year, an American supertanker, with the assistance of a Canadian icebreaker, crossed it from east to west. Its objective, to examine the feasibility of Northwest Passage commercial traffic, was motivated by newly discovered oil deposits in Alaska. The expedition proved that a marine transportation route could be used by commercial vessels, thereby connecting the riches of the north to U.S. cities in the south. However, it also pointed to the enormous cost and difficulty required to navigate the passage.

Even as human perceptions toward the Arctic have changed, the region itself has seen transformations in its very geography. The steady decline in Arctic sea ice since the late 20th century, combined with increased exploratory drilling and ship traffic, has resuscitated interest in the Northwest Passage and generated new claims by northern nations to control it.

The Northwest Passage—which Canada claims as sovereign internal waters—became navigable for the first time in history during the summer of 2007. In a world where 95 percent of all container movement takes place via shipping, this represents an extraordinary opportunity. It would make the transit from Europe to Asia 5,409 miles shorter than transit via the Panama Canal. At the same time, given rising seas levels, increased surface and water temperatures, and the uncertainty of how much ice will dissipate and how high sea levels will rise due to climate change, the future is uncertain.

Changing environmental conditions suggest this emerging reality offers both positive and negative influences. Therein lies the basic conundrum of both opportunity and peril. Indeed, just as the opening of the Panama Canal represented the miracle of the 20th century, the opening of the Northwest Passage (and, respectively, the Northeast Passage, above the Russian Federation) represents the miracle of the 21st century. The function of the Arctic is changing, and that change will bring shifts in how humans perceive and make use of its physical geography.

      The Future of the Northwest Passage and the Arctic Circle

The changing Arctic offers the potential for extraordinary opportunity. On the one hand, Arctic opening allows for incredible development. Positive benefits of changing environmental conditions could include increased availability of Arctic hydrocarbons and mineral resources, decreased circumnavigation shipping routes, increased agricultural seasons in the Canadian north, increased indigenous people’s rights, reduced atmospheric pollution by shipping, increased agricultural production due to warmer climates, improved international global treaty collaboration, and—in the best of all possible worlds—interstate condominium arrangements (where multiple states share sovereignty over a territory) and international harmony.

On the other hand, there is the potential for extraordinary damage. A navigable Northwest Passage could lead to increased illicit crime, human trafficking, drug smuggling, pollution of the fragile Arctic ecosystem, human disasters at sea, violations of what Canadians consider sovereign maritime territory, transportation and drilling accidents (especially under conditions of continuing floating ice and undeveloped infrastructure), offshore hydrocarbon and onshore minerals development, unwanted and undesirable increases in fishing and tourism, influx of industrial pollution from the south, terrorism threats, “cold” or “hot” wars between circumpolar states over seabed claims and Exclusive Economic Zone (EEZ) sovereignty, and the destruction of traditional economic bases of indigenous cultures. There is also the extremely high-impact, low-probability event of a Northern European ice age resulting from the “shutdown” of North Atlantic thermohaline circulation from global warming effects of albedo loss and permafrost thawing.

The effects of environmental damage can be wide-ranging, complex, and difficult to measure. So, if the potential of the Arctic is to be realized, it must be respected. Among the five contending—sometimes contentious—circumpolar nations (Russia, Canada, the United States, Denmark, and Norway), we will witness cooperation or confrontation. These interactions could either lead to a new and prestigious international cooperative regime or see new confrontation among antagonists and economic rivals. How we manage this task will determine the state of the Arctic in the 21st century in terms of security, access, protection, and development.

Those interested in the Arctic emphasize the untapped resource potential from melting polar ice, providing access to huge reservoirs of natural gas, oil, and other mineral deposits. In geopolitical terms, in the Arctic, “the game’s afoot.”

Sovereignty over the Arctic is disputed, to say the least, and such territorial uncertainty might seem ominous. If the Arctic future turns into a supercompetition between five contending states, we could see war in the north. But there are also international forums for dialogue concerning the Arctic. Perhaps the best-known and most widely representative body is the Arctic Council. In concept, at least, the Arctic Council is a body for cooperation.

Yet as the Arctic Future Forum articulated at an expert meeting in Ottawa in 2009, there are a number of recognitions regarding security and arms control, energy and the environment, and governance and international relations that must be considered. More is at stake in the Arctic than resource exploitation. Issues of security, governance, cooperation, and conflict have now all surfaced. With the potential for 90 billion barrels of oil and 1,670 trillion cubic feet of natural gas in the Arctic, one thing is certain: the “solution” may be too important to leave only to the Arctic Ocean Five.

The geostrategic significance of the Arctic is a 21st-century reality and will be a center-stage geopolitical issue in the 21st century. Indeed, its geostrategic significance cannot be overstated. And the Arctic Circle continues to warrant analysis from historical geographers. It has seen great changes in perception, function, and physical geography over more than 500 years. Once an almost mythic subject of interest, the Northwest Passage’s significance appears to have paled in comparison to the wealth of resources that could exist in the Arctic. And this historical shift is still in motion, eliciting excitement at the potential development opportunities in some and fear for the environmental and human consequences in others.

Michael Dove and P. H. Liotta

See also: Anthropogenic Global Warming; Fossil Fuels
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OVERVIEW

Geographers study distributions and patterns across the surface of the earth. This includes both the physical geographic distributions of the earth itself (physical geography) and the distribution of human activity (human geography). However, these two types of geography do not act independently; they are interdependent. Human environmental geography is the study of the relationship between the earth’s systems and human society.

Examples of this interdependent relationship abound in the news. For example, there is scientific consensus that contemporary climate change is being induced by human activity. Humans are changing the atmosphere, which in turn affects precipitation patterns and temperatures. These changes in turn impact local ecosystems. Due to global warming, lakes are drying up in some areas, killing off flora and fauna, whereas other areas are seeing torrential, unexpected downpours and flooding—wiping out human infrastructure and costing society money and time.

Likewise, humans have been contending with changes in their natural environment since the beginning of human existence. The environment can unleash quick and unexpected changes, throwing human societies into disarray. In the past, for example, periods of glaciation have induced massive human migrations. Volcanoes and earthquakes can pulverize entire civilizations without warning. Hurricanes repeatedly flatten the same coasts, wiping out dense areas of human settlement that then require rebuilding. Throughout history, humans have needed to adapt to survive their environment. The irony is this: humans may now be changing the environment more rapidly than they are capable of adapting to it.

HOW HUMANS AFFECT THE ENVIRONMENT

Humans constantly modify environments around themselves to satisfy their wants and needs. Examples of this abound in our everyday lives, from the destruction of forests to create more farmland for food production to the paving of farmland to build suburban housing. Society’s increasing dependency on energy has led to the use of fossil fuels such as coal, which must be mined from underneath the earth’s surface and, when burned, causes acid rain hundreds and even thousands of miles away. Coal also drastically increases carbon dioxide (CO2), which science has shown causes global atmospheric warming and plays a major role in rising sea levels.


 




To learn more about environmental geography, please see these entries in Part II of Geography Today:

        •     Acid Rain

        •     Agribusiness

        •     Air Pollution

        •     Anthropogenic Global Warming

        •     Aquaculture

        •     Biodiversity

        •     Carrying Capacity

        •     Clean Air Act

        •     Clean Water Act

        •     Conservation and Preservation

        •     Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES)

        •     Desalination

        •     Desertification

        •     Ecotourism

        •     Endangered Species

        •     Energy Efficiency

        •     Flow Resources

        •     Food Security

        •     Fossil Fuels

        •     Genetically Modified Foods

        •     Greenhouse Gases

        •     Indicator Species

        •     Kyoto Protocol

        •     Organic Agriculture

        •     Ozone Depletion

        •     Paris Agreement (United Nations Framework Convention on Climate Change)

        •     Renewable Energy

        •     Sustainable Agriculture

        •     Sustainable Development

        •     Tragedy of the Commons




 



Humans live in an interdependent world; changes we make in one place always impact other places. A dam may be great for one community—providing electricity and plenty of water for lush, green lawns—but may destroy natural habitats and ways of life for another community downriver, leading to desertification of places that once received ample water. More Americans live in suburbs now than live in major cities, yet suburban growth has led to far more areas being covered with pavement, leading to regular flooding from storm runoff. In addition, the world has become increasingly globalized, allowing people to communicate, collaborate, and cooperate around the world. However, short flight times and global interaction also promote the spread of invasive species, such as zebra mussels, and diseases like West Nile virus.

Humans have used tools and technologies to modify the environment for over 10,000 years. Today, these tools and technologies have become increasingly powerful and now allow humans to shape the environment in numerous ways. However, even modifying the environment using a simple tool such as fire can have major unintended consequences, from benign to destructive. For example, terraced farming in the Andes Mountains and parts of Asia allows societies to produce far more food in a given landscape than would otherwise be possible. And small dams in India have relatively minor impacts on the surrounding ecosystems while providing valuable resources to local populations.

However, modifications in densely populated places can make extremely destructive demands on the environment. Demand for wood and paper can lead to deforestation of entire forests and their underlying ecosystems. Commercial farming can lead to erosion, siltation, increased cancer rates, and possibly the death of honeybees from pesticide use.

The loss of habitat has a domino effect. Animals can no longer find the resources or food they need to survive; hence, they in turn become endangered, thus threatening other species that depend on them for their existence. One controversial modification is strip mining, which allows humans to find the resources necessary to create electronics, cars, and skyscrapers, and the power they need to function. At the same time, strip mining irreparably destroys entire landscapes and often pollutes locations hundreds of miles away due to runoff and well-water seepage.

In poorer parts of the world without ready access to electricity, entire jungles have been deforested for firewood, as fire is used for cooking and heating. Extensive deforestation has led to landslides and massive erosion. Modern transportation, though convenient for human interaction, has been destructive to the environment. Planes produce far more carbon dioxide per mile traveled than cars, increasing human impact on climate change. In addition, humans have largely carved up the surface of the earth with roads, limiting the ranges of animals and leading to millions of premature deaths among species every year.

Humans have an obligation to recognize that our decisions about how we live have real-world consequences for the ecosystems we depend on for survival. Possible starting points are information and education, which can help us make better choices about the long-term costs and benefits of our environmental impact. Researching and distributing green technologies, setting aside abundant green space within new urban developments, and making a conscious effort to protect endangered species can help lessen the impact humans have on the environment. However, nothing will completely eliminate our impact; as long as there are humans, we will remain an interdependent and major influencer of the planet’s ecosystems.

HOW THE ENVIRONMENT AFFECTS HUMANS

Human-environment interdependence is key: not only do humans impact the environment, but the choices people make depend on and are structured by the environment. Many human geographical patterns and processes have been, and continue to be, shaped by the environment, as different ecosystems are conducive to different activities. For example, alluvial plains make for great farming. When it comes to farming, tropical beaches are worthless, but they are ideal for establishing a tourist industry. Nearly every coastline in the world is dotted with fishing villages or processing plants, as access to the sea is crucial for the fishing industry. Bays offer natural protection for the establishment of large ports, fueling economic trade with the broader world. Finally, new industrial development tends to thrive in areas with ready access to resources—North Dakota’s natural gas fields are one modern example.

The natural environment enables certain human activities but constrains other human activities. Climate and soil dictate which crops can be grown in different areas. This, in turn, fuels cultural differences, as people living in one part of the world might not have the climate needed to grow certain crops, such as wheat, and therefore substitute them with others they can grow, such as rice. Societies lacking decent soil may have to import their food, or their diets may be more fish- and livestock-based. Other environmental factors, such as permafrost, make certain activities almost impossible. Building roads, underground utilities, and other infrastructure in such frozen areas can be expensive and often cost-prohibitive. In addition, terrain has a major impact on human settlement and economic development. Mountains are an obvious hurdle for humans—for example, the Himalayas have cut South Asia off from East Asia for time immemorial. However, deserts also have an impact, preventing cultures and peoples from interacting with one another.

Another way the environment affects humans is disease. Certain types of diseases flourish in particular climates and soils. Many of these diseases become endemic and complicate interaction with those from outside the region, who are still susceptible to the diseases. Conditions such as malaria and dengue fever can completely impede economic development, reducing efficiency and work-force reliability due to death and illness, to the point of stagnation. Perhaps most formidable are environmental disasters such as earthquakes and volcanoes, which can not only constrain but also destroy human societies.

Environmental hazards are unavoidable; while dangerous for humans, they are often very good for the environment in which humans live. For example, wildfires induce ecological regeneration and rejuvenation, and large amounts of precipitation help keep freshwater lake levels and aquifers high. However, environmental hazards are often perilous for humans, who tend to settle in places that are prone to catastrophic impacts. Most humans live along the coast, for example, which is where floods, tsunamis, and hurricanes are a likely occurrence.

In the United States, it is well known that the entire West Coast is crisscrossed with earthquake fault lines from Southern California all the way up to Alaska. Yet the U.S. Pacific coast is also dotted with some of the largest cities in the country—some of which, like Seattle, Washington, lie in the shadow of disaster. Mount Rainier, outside of Seattle, is still an active supervolcano, yet millions of humans have settled within its inevitable zone of destruction. When possible, societies take precautions against natural disasters by building earthquake-safe buildings and setting up tsunami warning systems. However, technology can only do so much. Mudslides, avalanches, tornadoes, wildfires, and blizzards will always afflict people regardless of technology. People must prepare for natural hazards whenever and wherever they may strike.

Since the beginning of recorded history, people have instinctively adapted to their environments, though not every society has been able to adapt at the same rate or use the same technologies. Developed nations have money and technology not available to developing nations. In the United States, quake-resistant buildings and dams have been built or retrofitted to mitigate the potential damage from earthquakes. And certain government agencies play an important role. For example, the Federal Emergency Management Agency (FEMA) was created to prepare and manage quick responses to natural disasters.

When it comes to farming, Western societies have developed highly technical irrigation techniques, as well as commercial seeds and fertilizers, to increase food production. But in less-developed regions, slash-and-burn agriculture is still used. Developed countries can make freshwater out of saltwater with expensive desalination plants, and people can live and work in extremely hot regions through the use of air conditioning. Less-developed countries do not have this luxury. Thus, sufficient capital and economic power help certain countries overcome environmental constraints more easily than poorer ones.

RESOURCE MANAGEMENT

All societies depend on environmental resources for survival, making resource management crucial for all humans. Resources can be broadly divided into three types: renewable, nonrenewable, and flow. Renewable resources can be sustained indefinitely; they will replenish and not be depleted if correctly managed. For example, wind power and solar power will never run out if efficiently collected. Fish populations can be sustained indefinitely—if not overexploited or polluted out of existence. And timber can provide an endless supply of paper, building materials, and fuel—if not overharvested.

Nonrenewable resources are those that will eventually run out, such as fossil fuels—oil, coal, and certain metals and minerals. All of our electronics are created using nonrenewable resources like lithium. Flow resources are those that are only available at certain times and places. Solar radiation, wind, and water—potential renewable resources—are everywhere, but their supply ebbs and flows depending on the season and the location on the earth’s surface.

Which resources are protected or exploited by a particular society depends on that society’s cultural composition and level of development. Cultural values, for example, will determine which types of foods are eaten (e.g., Hindus in South Asia are largely vegetarian) and which tools are developed from mined resources (e.g., the Amish are unlikely to develop computing technology). Green political parties and environmental movements are more likely to take hold in developed nations, where people can afford to find alternative methods of water and fossil-fuel consumption, or dramatically reduce their use.

      Developed versus Developing

Today, it is possible for geographers to determine a society’s economic development by the resources it uses. Developing nations typically depend on firewood for fuel. And the main method of transportation in these countries tends to be walking, biking, and riding buses. In developed countries, driver-owned automobiles are the preferred method of travel. Developed societies are powered by reliable electricity, and consumption of all resources tends to occur at a high level.

Societies are never stagnant; over time, their resource consumption changes. Thus, some countries that had been developing become very developed, and these changes in resource use and management can occur in a monumental way. For example, the Columbian Exchange shifted global food patterns forever, bringing the potato to Europe and eventually coffee to the Western Hemisphere. At other times, these changes occur on a smaller scale but still exert a major influence on the societies involved. Regardless of size, the search for resources tends to drive human exploration—originally across the earth’s surface and now within the solar system. As nations become more developed and more globalized, their resource consumption tends to rise to the level of other developed nations.

Of course, not all societies have equal access to resources needed for economic development. Some countries are fortuitously located near high-value or highly desired resources. Nonrenewable resources are typically created by physical geographic processes, making their location on the earth’s surface predictable but not always accessible. For example, coal and petroleum are found where ancient seas once existed. The most fertile soils tend to be found in alluvial plains or near volcanoes. And gold is typically a by-product of volcanic deposits. In addition, flow resources depend on local conditions—for example, some places are windier or sunnier than others. The location of trees, fish, and other renewable resources depends on myriad conditions, including climate and freshwater versus saltwater.

The distribution of natural resources affects human geography perhaps more than anything else. The location of settlements is often determined by the location of a valued resource. For example, the 1849 Gold Rush brought thousands of people to California shortly after the United States seized the region from Mexico, leading to California’s growth as the most populated and one of the most influential states in the Union. In another example, South African minerals have given the governments of that country vast wealth and shaped the settlement patterns of its cities.

The uneven distribution of key resources is a crucial factor in driving national and global trade. The fact that Norway has more petroleum than it will ever need, whereas many developed countries do not have nearly enough, allows Norway to trade for many resources it does not have or cannot produce locally, like bananas and laptops. Other countries tend to shift their economic development to produce nonindigenous products that have a high trade value for more developed countries. For example, the rubber tree was brought to Indonesia in the early days of the automobile industry. Numerous plantations were then created with the sole purpose of exporting rubber to the developed world to fulfill an increasing demand for tires.

      Boom versus Bust

Resource value and needs change over time, making the value of any single resource highly variable. The fracking boom in the United States is one example of how petroleum-exporting countries suddenly lost trading influence with the United States, as the U.S. is now less dependent on imported oil. Markets can dry up, but advances in transportation and diplomatic relations can increase the supply of certain resources, lowering their export value. Large cargo ships and containers provide rapid transport of all types of goods worldwide, largely diminishing the benefit of close proximity to resource markets. For example, in the United States, fresh fruit from New Zealand and chocolate made from African ingredients are commonly available.

The value of a resource at any given time can, of course, result in conflict and competition. Countries are currently dividing up the Arctic Circle with different territorial claims, due to the belief that there may be vast amounts of oil under the ice. Moreover, some Asian countries are at the brink of war over several uninhabited islands in the Western Pacific. China, Vietnam, Japan, Taiwan, South Korea, and the Philippines all lay claim to different islands, arguing that this gives them economic authority over any oil lying underneath the surface.

A concerted international effort to better manage global resources emerged in the second half of the 20th century. But left to their own devices, humans have proven historically ineffective at sustainable resource management, even though it is crucial to preventing ecosystem damage or complete collapse. Sustainable resource management provides for continual development of new technologies that place less of a burden on the environment and use fewer nonrenewable resources.

Concepts such as recycling and reusing resources, which are now taken for granted in most developed nations, were largely unheard of 50 years ago. The idea of cars that run on electricity when gasoline is still abundant is another example of technological development for resource management—in the future, the earth’s petroleum will run out. Another example of a shift to renewable fuels is the ethanol movement, which creates transportation fuel from crops such as corn. Renewable resources must also be properly managed before they, too, disappear. In another example, timber replanting is an important method for ensuring that paper, home building supplies, and furniture are readily available and affordable for years to come. Additionally, responsible farming practices are key for ensuring that there is an adequate food supply and for preventing famine.

In another promising effort, aquaculture is now being used to ensure that developed countries do not eat salmon into extinction. Perhaps most encouragingly, there is widespread consensus across the globe that resource management requires international cooperation. In the past, countries largely had short-term interests related to resources, and so they attempted to increase their bottom line in trade. Today, most governments recognize the interdependency of ecosystems and resource needs. Through the United Nations, for example, many countries have signed on to a sustainable fisheries initiative. And countries have largely banned whale hunting. Perhaps most importantly, countries are finally uniting to mitigate the inevitable environmental impact of rising global temperatures. The Kyoto Protocol and the Paris Agreement to reduce global warming and climate change are two such examples, but these efforts will succeed only if all nations—developed and developing—commit to saving the planet.

Ian Muehlenhaus
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DEFORESTATION

Deforestation is defined as the human-induced conversion of forested areas to nonforested land. Since the early 1990s, about 32 million acres of forest have been lost to deforestation each year, an area the size of Greece. While some of these losses have been offset through afforestation (the establishment of forests on land not previously forested) and natural forest expansion, net loss of forests across the globe is still around 17 million acres every year.

Deforestation poses a significant threat to the climate, as much of the world’s carbon is stored in forests. These forests are both sources and sinks of atmospheric carbon dioxide (CO2). Forests absorb carbon through photosynthesis, but they release carbon when they decompose and burn. Deforestation therefore affects global emissions in several time frames, both emitting stored carbon and preventing the future absorption of carbon dioxide.

Avoiding deforestation may therefore be one of the most cost-effective ways to mitigate the impacts of climate change. Although reducing emissions from deforestation was not part of the 1997 Kyoto Protocol, the issue was addressed in Reducing Emissions from Deforestation and Forest Degradation, known as REDD+, which was adopted by the United Nations Framework Convention on Climate Change (UNFCCC) in 2005.

The goal of REDD+ was the sustainable management of forests in developing countries and the mitigation of climate change through enhanced forest management. The most crucial REDD+ decisions were made by 2013; the REDD+ rulebook was completed in 2015. REDD+ was then incorporated into the 2016 Paris Agreement for each signatory country’s plan. Policies are also being considered that would provide monetary incentives for local communities to conserve their forests.

Forests provide habitat for nearly 70 percent of the world’s land species. Afforestation can therefore increase a region’s biodiversity, particularly if new forests are created as biological corridors to connect existing forested areas. Afforestation can also help to reduce erosion and protect the nutrient-rich upper layers of soil. This also improves the health of watersheds, as erosion can damage aquatic ecosystems and contaminate drinking water. Forests also mitigate severe weather events: because they increase the capacity of soil to absorb water, they decrease the likelihood of both droughts and floods. In addition, the forest canopy helps to regulate temperatures, keeping the air cooler during the day and retaining heat at night.
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A clear-cut slope in Romania, 2012. Humans contribute to the loss of about 17 million acres of forest around the world every year and this deforestation contributes to climate change. Because forests absorb carbon, deforestation both releases carbon back into the atmosphere and reduces Earth’s capacity for the storage of carbon. (Empire331/Dreamstime.com)

      The Forest Planet

The United Nations’ Global Forest Resources Assessment estimates that approximately 30 percent of the Earth’s land surface is covered by forest, with about half in the tropics and subtropics. Forests store about 283 gigatons of carbon (GtC) in their biomass; adding the carbon stored in deadwood, litter, and soil brings the total to 50 percent more than all the carbon currently in the atmosphere. Tropical forests hold the most carbon and store about 50 percent more carbon per acre than other regions.

Up to one-fifth of global carbon dioxide emissions may result from deforestation in the tropics and subtropics. It is estimated that between 1.1 and 1.7 GtC were released each year in the 1990s through tropical deforestation, compared with an estimated 6 GtC from fossil fuel combustion. In fact, some estimates report that around 60 percent of the carbon absorbed by forests is released back into the atmosphere due to deforestation. About 40 percent of this deforestation has occurred in Indonesia and Brazil, causing these countries to become the third- and fourth-largest greenhouse-gas emitters in the world, respectively. The first- and second-largest emitters are the United States and China.

Deforestation worldwide actually slowed down during the early 21st century. The annual rate dropped from 40 million acres in the 1990s to 32 million acres between 2000 and 2010. However, according to the University of Maryland’s Global Forest Watch, the planet’s loss of tree cover reached 73.4 million acres in 2016—a 51% increase from 2015. Some data cited forest fires, especially in Brazil, as the cause of this rapidly increasing loss of trees.

In September 2018, the Global Forest Watch analyzed satellite imagery and identified three regions where deforestation occurred the fastest that year. Brazil’s Triunfo do Xingu Area of Environmental Protection lost 35,000 acres of forest due to pasture expansion. A private company, PT Permata Putera Mandiri, cleared more than 1,000 acres of forest in Western Papua, Indonesia, to establish oil palm plantations. And the Democratic Republic of Congo cleared more than 1,200 acres of forest in Virunga National Park for charcoal production.

      Causes of Deforestation

Tropical forests were mostly intact until colonial times, at which point colonial powers began to cut these forests down to supply wood for ships, railroads, and other needs. In recent times, deforestation has increased rapidly, usually to provide land for growing crops or grazing livestock.

The Global Forest Watch, through the creation of maps highlighting deforestation around the world, has identified five main categories of tree loss: commodity-driven deforestation (trees cut down to turn into consumer products), shifting agriculture, urbanization, wildfires, and forestry (planned harvesting of trees).

The biggest culprit is slash-and-burn agriculture—a method of clearing land by cutting down and burning trees to prepare for crop cultivation. Slash-and-burn techniques were used by Neolithic Europeans on small plots of land, and they are used today in logging and other commercial ventures, contributing to the massive destruction of the world’s rainforests. The smoke from burning trees combined with their rapid elimination makes this form of land-clearing a major cause of increased carbon dioxide in the earth’s atmosphere and contributes to climate change and global warming. Commercial logging, collecting wood for fuel, and building new settlements have also added to the problem.

Population growth is often cited as another cause of deforestation. A growing population puts increased pressure on natural resources, but this increase may also lead to positive changes such as afforestation, improved forest management, and better technology. In addition, forest conservation and reforestation programs can counter the negative effects of population growth. For example, in India, deforestation has declined since the 1980s due to effective anti-deforestation legislation.

Poverty is another major cause of deforestation, as poor people are more likely to be forced to move to ecologically fragile areas, rely on firewood as their only source of fuel, and clear land using slash-and-burn methods for subsistence farming. On the other hand, wealthy societies tend to be more urbanized, which may reduce direct demands on forests.

      Reducing Deforestation

Technological development can provide tools to increase agricultural productivity, thereby decreasing the pressure to convert forested lands. However, economic development does not necessarily lead to lower rates of deforestation. Some countries actually subsidize such development activities as clearing land and encourage companies to overexploit forest resources in an attempt to repay foreign debts or jump-start their economies. A focus on short-term profit over long-term sustainability has often led to the destruction of forests and the further impoverishment of local people, who may have lost traditional control over their lands.

But properly managing forests can prevent much of the exploitation that currently leads to deforestation. While legally restricting all use is often unfeasible, it is possible to sustainably harvest forest products without clear-cutting an area.

The Forest Stewardship Council—an international nonprofit organization that promotes responsible management of the world’s forests—certifies wood that has been sustainably harvested, providing consumers with a way to support companies that encourage such practices. Such policies as taxing the large-scale clearing of land and granting control of forests to local communities can reduce incentives for deforestation. Policies that promote alternative uses for forests, such as harvesting nonwood products or developing ecotourism, can make conservation economically feasible. However, much more remains to be done to preserve the earth’s forests and the myriad of benefits they provide.

Kristin Sherwood

See also: Biodiversity; Forests; Overpopulation; Tragedy of the Commons

URBAN SPRAWL

There is no single definition of “urban sprawl.” However, most policy makers agree that the phrase is negatively associated with rapid residential development on the farthest outskirts of urban communities. Urban sprawl typically applies to development in areas previously considered to be “green spaces”: agricultural lands, open spaces, natural areas, or buffers between cities. Characteristics of urban sprawl often include low-density development (larger lot sizes for each home and fewer residents per acre compared to an urban area) and heavy reliance on automobiles for lifestyle needs.

Urban sprawl first began during the 1950s when middle-income and some lower-income residents left cities to seek a comfortable life in the suburbs. Government assistance for recently discharged World War II veterans, improved home-building technology, and an increase in the birth rate (characterized by “Baby Boomers”) came together in the desire for more living space. For more space, people had to look beyond crowded city centers. They moved to the suburbs because newer homes on large lots near growing school systems seemed like the ideal place to raise a family. Regarding the reliance on automobiles, the suburban lifestyle would not have been possible without them. Cars and the new highway system made it easy to commute from the suburbs to the city center, where many jobs were located.
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Los Angeles is considered among the worst offenders of urban sprawl in the world. Founded in 1781 as a Spanish pueblo, the city covers nearly 4,900 square miles today. (Trekandshoot/Dreamstime.com)

Although overdevelopment and the disappearance of open space have long concerned many people, urban sprawl gained widespread public attention during the 1990s. It was then that the strong economy spurred the need for more housing and increased public demand for residential amenities like shopping malls and theaters. According to the Department of Agriculture, undeveloped land was converted for development at a rate faster in the 1990s than at any other time in history. In 2014, however, findings by researchers in Canada and California suggested that urban sprawl may be slowing—the growth of suburban areas had decreased by around 9 percent since 1994.

Sprawling suburbs and high-density city living offer a choice between maintaining the natural environment versus the need for affordable housing and desirable living situations. Organizations that campaign against urban sprawl—including the Congress for New Urbanism, the Land Trust Alliance, and the American Farmland Trust—point out that metropolitan areas with policies favoring urban sprawl often have an abandoned inner-city business district, a higher urban crime rate, and a poor inner-city public school system. These conditions cause even more people to move to the suburbs.

And as residents move farther outside of the city, business districts also become decentralized and relocate to the suburbs. As a result, tax money stays on the fringes, the city center deteriorates further, and the suburbs continue to creep outward in a seemingly unending cycle of green-space development. Thus, the city itself and the surrounding environment suffer, with no end in sight. To anti-sprawl observers, preservation of the community’s natural areas, agricultural land, and sense of place reflects a healthier and more sustainable community.

To others, however, it is larger home lots and more affordable housing that provide a better quality of life. Anecdotal evidence and studies by such groups as the American Planning Association and the National Association of Homebuilders indicate that the American public increasingly demands homes and low-density living. Families with children favor cul-de-sacs, big houses, and yards to support their lifestyle, all of which require a larger amount of land.

      More Sprawl = Better Life?

Still, properties that fulfill these requirements are often unavailable or too expensive in densely populated metropolitan areas. This makes the outer ring of suburbs—where property is less expensive and schools are abundant—more attractive. Better schools, more tax dollars, and lower crime rates make life better for those who can afford to move outside of crumbling city centers. In this view, the more sprawl, the better life becomes for greater numbers of people.

But there is still concern that development is changing the face of many U.S. communities. Although the total number of acres being converted by development may be slowing, much of the land being converted to development affects unique environments. This is the case, for example, as Fort Lauderdale’s expansion threatens Florida’s Everglades.

Natural environments can also be fragmented—broken up by patches of development. This presents problems for wildlife and ecosystem management. In response, the government and the private sector have acted to curtail urban sprawl’s negative consequences. For the most part, solutions have involved cooperative efforts between the government and private land-preservation groups.

These private groups focus on preventing urban sprawl by acquiring ecologically valuable land and creating nature reserves. Private groups also purchase conservation easements, or pursue legal restrictions on a property’s development, to protect its natural resources. Besides the government’s obvious role in developing rules and laws for smarter growth, it also supports conservation by collecting taxes and giving grants to private conservation groups.

A few modern-day approaches have addressed concerns related to urban sprawl. One such strategy is Smart Growth (also known as New Urbanism), which strives to create the economic diversity often found in established neighborhoods by mixing different types of housing. This strategy also supports the growth of public transit to reduce the pollution and traffic congestion caused by cars. In addition, Smart Growth tries to reduce people’s reliance on cars by placing stores and businesses within residential neighborhoods, making it easier to take care of basic needs on foot or by bicycle.

However, while these may be admirable goals, Smart Growth communities are often densely populated with traffic congestion problems and a limited supply of homes. And the small number of available houses drives up prices. Hence, these communities are often considered desirable—if you can afford to live there.

One argument in favor of urban sprawl is that homeowners continue to purchase houses in communities farther from the city center. In part, this is due to the fact that home prices are lower while lots and homes are larger compared to properties closer to the urban core. Based on this argument, many economists say that the market is operating efficiently.

      Stopping Sprawl

To stop urban sprawl, it is necessary to deal with its economic realities—there are many financial incentives that make green-space development less expensive than urban development for land developers. These builders might be persuaded to create and improve housing in city centers and leave outlying land undeveloped. If these incentives were removed and replaced with government policies that promote urban revitalization, the price of an urban property could be comparable to a suburban lot with similar amenities. The attractions of city life would drive buyers back to the same cities they fled in the 1950s.

The urban sprawl debate pits a community’s desire for preservation of natural areas and sustainable residential development against homeowners’ hunger for well-spaced, affordable housing. While the phrase “urban sprawl” has a negative connotation, the phenomenon can improve or degrade a community’s quality of life in different ways. People need a place to live. Buying patterns imply that consumers don’t mind sprawl because they keep buying homes in the areas affected. The negative consequences are likely more related to how sprawl occurs rather than whether it occurs. Issues of control and regulation will likely shape debates over urban sprawl in the future.

Although urban sprawl is an environmental concern for many community residents, others see this development pattern as a way of satisfying housing demands of the growing U.S. population. Thus, attitudes toward current urban sprawl and future urban sprawl policies will likely be as unique as the cities and suburbs affected by rapid residential development.

Catherine Keske and Dana L. Hoag

See also: Central Business District (CBD); Central Place Theory; Core and Periphery; Overpopulation; Sustainable Development

NATURAL DISASTER RECOVERY

The earth has experienced—and humanity has survived—thousands of natural disasters since early recorded history. In 79 CE, a volcanic eruption decimated the ancient Roman city of Pompeii; and in 551 CE, an earthquake and tsunami killed tens of thousands near what is now Beirut, Lebanon. Then, in 1556, an earthquake killed an estimated 800,000 people in Shensi, China.

Moving into the modern period, Indonesia’s Mount Tambora volcano erupted in 1815, killing 90,000 people. And in 1970, flooding in Bangladesh caused the deaths of 200,000 to 500,000 people. In the United States, the city of Galveston, Texas, took a direct hit from a powerful hurricane in 1900—today believed to be a Category 4—which killed 7,000 people. The Great Galveston Hurricane was the deadliest natural disaster in U.S. history. Just six years later, the San Francisco earthquake (and the resulting fire) of 1906 left 3,000 dead. And nearly a century later, a heat wave in Chicago caused the deaths of 739 people in 1995.

Human-caused or non-weather-related disasters are also woven into history: about one-third of Europe’s population perished from bubonic plague from 1346 to 1352, with the pandemic killing 25 million people worldwide. In India 400 years later, famine caused 10 million deaths in 1769.

During the modern era, China’s Banqiao Reservoir Dam and Shimantan Reservoir Dam both failed catastrophically in 1975, killing 85,000 people, with estimates of another 145,000 deaths during subsequent epidemics and famine. Then, in 1984, almost 4,000 people died in the Bhopal disaster—a chemical explosion at Union Carbide’s Bhopal, India, pesticide plant.

Although the oil fires in Kuwait near the end of the Persian Gulf War were a result of Iraq’s deliberate sabotage rather than an act of nature, the effects were just as catastrophic. An estimated six million barrels of oil were spilled, covering about 600 square miles of water and blackening about 300 miles of shoreline.

      Reducing Harm

Because so many of these events occurred in recent years, the United Nations designated the 1990s as the International Decade for Natural Disaster Reduction, during which over 100 countries, including the United States, developed programs to reduce the harm caused by extreme natural events.

Historically, the damage caused by U.S. calamities has been measured in the number of lives lost, structures damaged or destroyed, acres burned, jobs and customers lost, persons displaced, property lost, and costs to insurers. As a result, the federal government has gone through a series of political responses for disaster recovery.

For example, flooding in 1927 inspired the passage of the Mississippi Flood Control Act of 1928. Twenty-two years later, the Federal Disaster Relief Act of 1950 marked the beginning of half a century of laws, programs, and policies to soften the impact of natural disasters on people and their communities. One important achievement occurred on April 1, 1979, when President Jimmy Carter created the Federal Emergency Management Agency (FEMA) through an executive order.

In the early 21st century, three naturally occurring events within a 10-month period shifted the policy agenda to focus more attention on these disasters’ environmental impact: the Indian Ocean tsunami, triggered by an earthquake off the coast of Indonesia on December 26, 2004; and two catastrophic hurricanes, Katrina and Rita, which both gathered strength over the Gulf Coast and made landfall in September 2005.

The Indian Ocean tsunami struck the coastlines of Southeast Asia, South Asia, and East Africa, destroying parts of Indonesia, Sri Lanka, India, Thailand, Myanmar, and the Maldives, among other countries. The death toll in Indonesia and Sri Lanka alone reached more than 160,000. Even preliminary estimates of the tsunami’s impact and recovery were complicated because the initial response concentrated on rescue efforts and rebuilding and because so many countries experienced varying levels of damage.

When Hurricane Katrina struck Louisiana and Mississippi’s Gulf Coast, devastating the city of New Orleans, hundreds of thousands of residents were evacuated, and others left voluntarily to stay with friends and family in other parts of the United States. But those sent to Texas had to be re-evacuated just weeks later when Hurricane Rita moved toward Houston. In both hurricane disasters, people often ended up far from home in shelters, convention centers, county fairgrounds, and temporary tent cities. Many affected by the two hurricanes felt that there was nothing to move back to unless the government stepped in with a massive influx of assistance. For example, casino jobs along the Mississippi River that sustained many families were washed out with the storm surge. This tourist industry would take years to rebuild as the infrastructure was repaired.

What little housing remained in the wake of these disasters was either reserved for those involved in the reconstruction process or bulldozed because of flood damage and mold. Although disaster policy experts had hoped that recovery would be swift, it became clear that the problems were so enormous that residents of Indian Ocean coastlines as well as those along the Gulf Coast could be waiting for years to reclaim their land and property, if they were able to reclaim it at all.

As a result of the Indian Ocean tsunami and Hurricanes Katrina and Rita, the global response to natural disasters underwent intense review. Many policy makers believed that government officials had paid insufficient attention to prevention before the incidents. For example, funding and implementation of a worldwide tsunami warning system had been stalled, even though the technology was available and was already in use in a few regions. But after the 2004 tsunami, the world’s governments agreed to move the warning system forward.

Katrina became one of the world’s most studied disasters, as officials reviewed the levee system surrounding the city of New Orleans, flood-control measures, evacuation plans, rescue and recovery programs, and the response by law enforcement and other agencies. Even such nonprofit groups as the American Red Cross underwent scrutiny over the use of funds and potential cases of misappropriation of donations.

      Nuclear Disasters and Superstorms

In the years since the abovementioned incidents, other major natural disasters have revealed both successes and failures in emergency planning and response. When the devastating Tohoku earthquake/tsunami/nuclear disaster struck Japan’s northeast coast in March 2011, the country’s warning systems were credited with saving many lives, but the tsunami also breached many walls built to protect inhabitants along Japan’s coast. And at the Fukushima Daiichi plant, the tsunami disrupted power and disabled backup generators, which led to one of history’s worst nuclear disasters.

In 2012, Hurricane Sandy—described as a “superstorm”—caused major damage to coastal areas of New York and New Jersey. Sandy’s storm surge struck New York City on October 29, unleashing floodwaters and sand flows that devastated streets and subway lines. Compounding the difficulties were failed backup generators and communications systems, as well as long lines for fuel and supplies as the storm cleared. Sandy was the second-costliest hurricane in U.S. history—damage totaled $65 billion—until surpassed by Hurricanes Harvey and Maria in 2017.

Hurricane Harvey was the first major hurricane of the unusually active 2017 Atlantic hurricane season, and it was already classified as a tropical cyclone when it struck Texas’s Gulf Coast on August 24, 2017. Harvey unleashed huge amounts of intense rainfall that poured down on the city of Houston, thereby becoming the wettest tropical cyclone in U.S. history. Many areas around Houston were inundated with 30–40 inches of rain in just a few days, with nearby Nederland, Texas, submerged under almost 61 inches of rain. The Texas storm’s damage in dollar amounts was close to that of Hurricane Katrina—reaching $125 billion—thus making Harvey one of the costliest natural disasters in U.S. history. On September 8, 2017, President Donald Trump signed legislation that allocated $15 billion for Hurricane Harvey recovery efforts. The region has seen substantial progress since Harvey flooded Houston and other Texas communities: many residents have returned to refurbished homes, helped by billions of dollars in private donations and federal aid.

Then, in September 2017, less than one month after Harvey caused havoc in Texas, two more ferocious hurricanes—first Irma and then the even more disastrous Maria—struck Caribbean islands. Maria smashed into Puerto Rico, Dominica, and the U.S. Virgin Islands on September 20, 2017, tearing those islands apart and destroying almost all of their infrastructure, communications, and tropical landscapes. Maria had made landfall as a Category 5 hurricane. But because Houston received immediate disaster recovery efforts, and Puerto Rico and the U.S. Virgin Islands (both U.S. territories) did not, charges of racism and abandonment by the federal government erupted.

      Wildfires

One type of natural disaster that has occurred with increasing frequency in recent years—and all over the world—is wildfires. Scientists have pointed to multiyear drought conditions, probably caused by climate change, in such regions as California, Australia, and even Scandinavia as the reason for these outbreaks.

Twenty-first-century fire science research has suggested ways of increasing “defensible space” by decreasing a structure’s chance of igniting. These strategies include clearing brush close to houses and sweeping pine needles from roofs and decks. Growing numbers of fire-prone communities and governments have launched efforts to implement such plans, in addition to joining programs such as the National Fire Protection Association’s Firewise Communities. Today, more than 1,500 U.S. communities have become “firewise” by taking action to prevent wildfires from reaching areas where people live.
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This chart shows the number of acres burned in the United States each year between 1960 and 2017. In 1960, there were 103,387 wildfires that burned about 4.5 acres of land. In 2017, 71,499 wildfires destroyed more than 10 million acres of land. (U.S. Geological Survey)

Recent events have shown that the increasingly drought-prone state of California is one place where these fire-prevention strategies will play a crucial role in the region’s survival. In 2017, the Thomas Fire became one of the most destructive wildfires in U.S. history—burning a path up the Southern California coast from Ventura to Montecito—until it was exceeded by 2018’s devastating Camp Fire, which incinerated almost the entire town of Paradise. The residents of Paradise, located within a Northern California pine forest, had almost no warning of the fast-moving conflagration, and many died trying to outrace the firestorm. The Camp Fire killed at least 85 people. And questions remain about recovery: if residents ever rebuild the town, they will have to start almost from scratch. But governmental assistance and efforts by aid organizations such as the Red Cross have proved invaluable in helping survivors recover from the wildfire’s physical and psychological devastation.

Jacqueline Vaughn

See also: Droughts; Epidemics

WORLD WATER CRISIS

There is no substance more essential for sustaining life than water, and no substance more ubiquitous on Earth. Water covers 70 percent of the planet’s surface, and if collected together in all its forms combined, it would constitute a huge volume—some 336 million cubic miles. Yet throughout history, human populations have had to take elaborate measures to compensate for nature’s uneven distribution of the fresh water that people need to drink, bathe, and grow food.

Elaborate distribution and irrigation systems were often among the most impressive engineering feats of the ancient world, devised by groups in the Middle East, China, India, Mesoamerica, and Europe. Many early civilizations developed in arid areas and could not count entirely—or at all—on rainfall to provide the water they needed. Thus, early irrigation systems tapped into such fabled rivers as the Nile, Yellow, Indus, Euphrates, and Tigris, or springs such as Israel’s spring of Jericho. Inevitably, conflicts over water sources arose. In the 19th century, water was the defining issue in the white settlement of the arid western United States, prompting a popular quote attributed to Mark Twain: “Whiskey is for drinking; water is for fighting over.”

Added to the age-old problems of uneven distribution, pressures on freshwater availability have been increasingly affected by population growth, increasing pollution, poverty, corrupt or ineffective governments, and climate change. All of these now affect parts of the developing world, where lack of infrastructure is already a problem. While water scarcity has been a source of hardship and conflict throughout history, today all of these factors are flowing together to form what many authorities believe will be the most severe crisis the world will face in the 21st century.

For poor nations sharing overtapped rivers and aquifers, the threat of war over water is real. According to many experts, the role of water supplies in world conflicts (in such areas as Darfur and the Middle East) is underappreciated. For example, conflicts over water from the Jordan River are considered to have been a major cause of the 1967 Six-Day War between Israel and its Arab neighbors—beginning with an Israeli project that took water from the Jordan River in 1964, followed by Arab states’ diverting water from Jordan headwaters the following year, and followed in turn by Israeli attacks on the Arabs’ diversion project.

While the world’s population keeps growing—from 7 billion today to a projected 9.4 billion by 2050—the amount of water in the world is constant, as is the amount of water available for human use. Altogether the world contains about 1.1 quadrillion acre-feet of water. (An acre-foot, a commonly used measurement in water resource management, is 325,851 gallons, the amount needed to cover an acre of land one foot deep.) However, more than 97 percent of the world’s water is in oceans and saltwater lakes and is unfit for drinking or agriculture (except through expensive desalination processes, which are still in limited use).

      The Planet’s Fresh Water

Of all the world’s fresh water, some 70 percent is frozen in glaciers, permanent snow cover, ice, and permafrost. Another 30 percent lies underground, mostly in deep, hard-to-reach aquifers. Lakes and rivers contain just 0.25 percent of the world’s fresh water. The distribution of water through evaporation and precipitation is more or less a constant amount—about 24,000 cubic miles of rainfall per year—but its distribution has always been inconsistent. In some countries, up to 90 percent of the year’s rain may fall in a few major storms during a short monsoon season. Rainforests receive a huge amount of the world’s rainfall—the Amazon River watershed accounts for one-fifth of the world’s freshwater flow, but the area is largely made up of inaccessible forest. And as more trees are cut down to access the area, less rain falls due to the loss of a process called evapotranspiration.

For areas that need more water, there are only a limited number of ways to obtain it. Dams can be built on rivers and streams, and water can be stored in reservoirs. Wells can reach down and tap water stored in underground aquifers. Water can be brought in from somewhere else (the Romans set the early model for this method with their aqueducts). In coastal areas, seawater can be desalinated. Another measure sometimes counted as a water source is conservation—people learning to cut back on unnecessary water use and adopting such methods as drip irrigation to cut down on waste. The water saved can then be counted as a sort of “new” supply.

Some of those methods can have severe drawbacks in certain areas. Building dams has become increasingly controversial, especially larger projects—such as China’s Three Gorges Dam—that are seen as damaging to the environment, and they often displace communities of people who live in valleys that must be flooded to become reservoirs. The effects of Egypt’s Aswan High Dam on the Nile, built partly to control flooding downstream, have included the trapping of sediments that traditionally replenished the floodplain’s soil. In addition, those sediments, trapped in the reservoir behind the dam, Lake Nasser, have reduced the lake’s water-holding capacity. The loss of the sediments also leaves the Nile delta more prone to erosion and seawater intrusion.
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The Aswan High Dam in Egypt was built across the Nile River in the 1960s. The dam controls flooding, stores water, and generates electricity for Egypt’s population. However, it has also trapped sediments behind the dam that once counteracted coastal erosion in the Nile Delta. Today, the coastline is eroding at a rate of hundreds of feet each year. (Ramzi Hachicho/Dreamstime.com)

Desalinating seawater is an expensive option (though it is becoming somewhat less so as the technology improves) and is now in only limited use. In addition, drawing on groundwater poses risks because in some areas, it is essentially a nonrenewable source: once groundwater is gone, it is gone for good. Currently, about 20 percent of the water people use comes from groundwater, and that proportion is rising. With continued extraction, groundwater tables in some areas become lower, requiring deeper wells and higher costs.

      Exporting Fresh Water

There are proposals in water-rich Canada to export bulk quantities of fresh water. Canada, with 0.25 percent of the world’s population, stores an estimated 20 percent of the world’s total freshwater supply and circulates about 9 percent of the world’s “renewable” fresh water—which flows in rivers and falls as precipitation. Some business interests would like Canada to transport fresh water to the U.S. Southwest and possibly ship it overseas in tankers or huge bags that would be towed by ships to parched countries on other continents.

Proponents say that Canada marketing water is no different from Saudi Arabia marketing oil. These proposals have critics, however, who feel that water should not be treated as a for-profit commodity, and that selling it to developing nations could cause conflicts over who gets the water, possibly widening divisions between rich and poor. Many critics also oppose such proposals on environmental grounds, saying that exporting water could damage Canada’s ecosystems. And though several water-export plans have been proposed since the 1990s, Canada’s government hasn’t yet approved any of them.

Another element of the looming crisis is poor management of water resources, and in many areas where the crisis is most pronounced, management issues can be the biggest hindrance to meeting needs. The problem was dramatized in July 2009 when inhabitants in five villages in Nigeria’s Kano state organized a protest, saying they had waited 15 years for the state government to provide wells. The villagers must carry water containers many miles and often take water from contaminated ponds, which led to six deaths from cholera in one month alone. Nigeria, Africa’s most populous nation with 170 million people, is one of four West African nations in which fewer than half of the residents have access to safe drinking water, according to the United Nations (UN).

Corrupt and inefficient national and local governments, along with a lack of resources and technological expertise, have hampered efforts in such places as rural Nigeria. In response, the UN, World Bank, European Union, and other international agencies have proposed models for alleviating such obstacles. These models include a concept called Integrated Water Resources Management, which involves coordinating different uses of water (e.g., agriculture, industry, home use, the environment) as well as all the different entities involved in construction, development, and delivery of any services that involve water. With better management, available resources can be used more safely and more efficiently.

However, management issues are very difficult to solve, and it is even harder to address the problems posed by population growth and climate change in a productive way. It is therefore not surprising that a multinational public opinion poll conducted in August 2009 by an organization called Circle of Blue, which surveyed 1,000 people each in 15 countries, identified freshwater availability as the world’s top environmental concern.

Dennis Moran

See also: Carrying Capacity; Clean Water Act; Desalination; Droughts; Glaciers
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OVERVIEW

Geography is not just a science; it is also a way of life. Geography is all around us. Geography is a unique discipline; it can be used to analyze nearly everything, because everything occurs in or occupies space. Every social and environmental issue has, at its core, a geographic dilemma of one sort or another. Global warming, for example, could be tackled overnight if different countries would all agree to drastically reduce carbon emissions. However, they will not, because not all countries are evenly developed—world governments typically want to help their populations thrive over others. Most of the conflict in the Middle East is also spatial. Different ethnic and religious groups want to define and lay claim to the same land. They have differences in opinion about who should govern an area and how big those areas should be. Yes, religion is at the root of many of these conflicts, but the conflicts are spatial in that these people live in and interact with one another in the same space.

Geographers are not mere bystanders to world events. Professional and academic geographers are often at the forefront of attempting to describe, explain, and predict future outcomes. This includes everything from urban planning to international conflict resolution, from sampling pollen from lake beds to understanding the climate of the last Ice Age to predicting which areas will be underwater by 2100 due to global warming. Geographers are active! The science of geography is used to educate the populace, inform debates, and shape policy.

Geographers research and study many subjects—from biomes and ecosystems, to cultures, to resource management. However, this begs a larger question: How can society as a whole use geography to analyze problems that are occurring right now, while at the same time plan for the future?

Like all sciences, geographic inquiry can be used to do three things: describe, explain, and predict. When it comes to education, geography is used to help people better understand the numerous interdependencies and processes that make up the world we live in. The human and physical geographic theories and models can be used to highlight certain concepts that might otherwise remain too difficult for the general public to understand.
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Describing is different than explaining, however, and it is truly in the realm of explanation that geography proves a most powerful tool. Almost all societal issues can be analyzed spatially. In the middle of disputes, debates, and confrontations over various topics—borders, resource allocation, equitable spending, gerrymandering, language rights, and so forth—geographic analysis plays an explanatory role in helping sift the facts from the fiction.

Geographers are often called in to explain current events on the news or help facilitate reconciliation between two groups. Geographers are adept at describing why boundary disputes exist and providing perspective on the various stakeholders in a conflict. When it comes to resource extraction in sensitive or border areas, geographers are called in to make sure things are done right and explain to those involved the spatial ramifications of the extraction.

Explaining also includes planning for the future. By explaining current processes to policy makers and the public, geographers play an instrumental role in helping societies figure out where to invest their resources. Infrastructure development, such as highway building and housing, should not be undertaken without forethought. Geographers can explain which highways need to be widened, the potential impact of a natural disaster on a settlement, the best hurricane evacuation strategies for a coastal community, and how best to deal with, and hopefully thwart, potential global pandemics. Geographers help policy makers determine the sustainability of certain areas based on climate, soil, and population data.

Finally, geography can be used to predict the future. In general, prediction is a fool’s errand. There are so many variables in the world that predicting with any certainty how social processes will unfold is extremely difficult. However, geography can be used to make educated guesses that can help society prepare for likely events. Geographers are currently engaged in sustainability issues, studying what will happen in different scenarios. For example, we cannot predict what will happen with global climate change policy. However, geographers can help determine what will happen to the planet if we do nothing compared to what might happen if the world agreed to strict measures on carbon emissions. Population growth and management is another area of geographic research. What are the population trends in the United States? Which areas are likely to see a massive increase in population? What are the future budget and infrastructure repercussions of the drastic population increase in North Dakota given the oil boom?

[image: image]

U.S. Geological Survey scientists monitor Fire Island in New York for long- and short-term changes. The island is part of a barrier island system comprised of 17 communities; federal, state, and county parks; and distinct natural ecosystems. Scientists are striving to understand how human activities affect natural processes on the island in order to optimize the balance between public safety, the economy, and the environment. (U.S. Geological Survey)

Beyond describing, explaining, and predicting things, geographic theory also provides a framework with which to use new technologies to solve problems. Complex geospatial data analysis of world trade patterns, for example, allows us to better understand which areas will likely require more resources as nations continue to develop. Geographic analysis tools of social media networks like Twitter are also used to determine where certain nationalistic and tribal identity movements are likely to arise or turn violent. Using remote sensing and satellite technologies in conjunction with geography results in a wealth of knowledge creation about our planet and its complex human-environmental patterns.

Finally, geography plays a role in helping us better empathize with varying perceptions based on cultural and socioeconomic identity. Using geographic concepts can help us make fairer and more informed societal decisions. For example, by using holistic spatial concepts, it becomes easier to decide where to build parks or site different industries. Geography can also help us make long-term decisions regarding which type of energy resources to fund—oil drilling in the tar sands of Canada; fracking in North Dakota; or investing in solar, tidal, and wind power in suitable locations. Geography helps explain where and why genetically modified foods may be beneficial to society as well as the dangers of overdependence upon them. Geography explains why the organic food movement cannot possibly feed everyone in the world. Geography helps us better rationalize why developing countries believe it is unfair for them to have the same carbon emission standards as developed countries. Geography helps us look at, solve, and preemptively curtail social and environmental problems. It is truly a science of action.

Ian Muehlenhaus
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SUSTAINABLE CITIES

More than 50 percent of the world’s population lives in cities, and the numbers are increasing. With more and more people moving to cities worldwide, planners are faced with issues of how to support large numbers of urban dwellers in small areas. Some issues cities are tackling worldwide include increased traffic and pollution; inadequate living space; and inadequate energy, water, and food supplies. The challenge for planners is how to create a sustainable city, meaning a city that can support itself without depleting or destroying the environment around it.

In fact, cities around the world are developing initiatives that are creating more sustainable living spaces and supporting the environment by using green building methods and materials, designing urban gardens, greenbelts and parks, reducing roadways, and building mass transit systems. Cities such as Bogotá, Colombia, Copenhagen Denmark, and Singapore have met with success with their own green initiatives.

      Beating the Traffic in Bogotá

Like many fast-growing large cities, 20th-century Bogotá, Colombia, was choked by the automobile. A pall of air pollution hung over the metropolis and traffic on an inadequate street network became so congested that commuting was a nightmare. Enter new mayor Enrique Peñalosa in 1998, with an inspired plan for making things better. Instead of focusing on constructing superhighways and widening roads to ease traffic flow, as many cities have done to end congestion, Mr. Peñalosa’s strategy was to discourage automobile use through a three-pronged approach: (1) the introduction of very specific restrictions on automobile usage in the city, (2) construction of an innovative new mass transit system, and (3) turning Bogotá into a bicycle-friendly city.

The motor vehicle restrictions, called pico y placa (peak and [license] plate), regulate access to key streets during morning and evening commuter rush periods according to day of the week and the last digit of a car’s license plate. This forces automobile owners to take alternative transportation on days that they are not permitted to drive. Once they do this, many drivers stay with the alternative travel mode even on days they could drive.

[image: image]

Pedestrians and cyclists fill one of the main thoroughfares in Bogotá, Colombia, on May 4, 2014. Around the world, cities are taking steps to reduce traffic congestion and pollution. In Bogotá, the government has mandated certain streets be open only to pedestrians and cyclists on Sundays and public holidays. (Ivansabo/Dreamstime.com)

The new mass transit system is called TransMilenio. It is an integrated bus network that consists of large buses that move rapidly on dedicated “busways” along major streets and smaller feeder buses and minivans called colectivo that operate in residential neighborhoods to bring passengers to major stops along the busways. Passengers are allowed to make transfers from bus to bus for a single fare. The larger buses are articulated, meaning that they are longer than normal buses and can bend at a central pivot, allowing for sharper turns.

The new bicycle network employs safe bicycle paths that have been constructed in the city, as well as dedicated bicycle lanes along major roads that have replaced thousands of curbside parking spaces. These dedicated bike lanes are called ciclorrutas. They now total more than 234 miles and serve as many as 400,000 riders each day. On Sundays, many of Bogotá’s major streets are closed to motor vehicles altogether and are given to pedestrians and bicyclists. These Ciclovía Sundays, as they are known, are a further way to increase interest in bicycling among the public as an alternative to automobiles. As a result, the city has become noticeably quieter, the air is cleaner, and citizens benefit from good exercise. A side benefit is that many residents of Bogotá have gotten to know their city better, which in turn increases civic-mindedness and feelings of neighborliness between different communities.

Mr. Peñalosa’s plans faced resistance from the beginning by some of Bogotá’s wealthy elite residents and powerful business interests. The rich were accustomed to getting around the city in isolation in air-conditioned vehicles, and they were in no mood to switch to buses or bikes. In fact, some residents who could afford to do so actually purchased second automobiles with different license plate numbers in order to be able to drive every day. Bogotá’s elites were also unhappy that the mayor had proposed to purchase a private country club where they were members in order to expand the city’s public park land. As a result of such opposition, Mr. Peñalosa was not reelected for a second term as mayor. However, the improvements to transportation that he initiated have not only survived but have grown. After long delays about funding and design, the city is now constructing its first-ever subway system, the Bogotá Metro. The first line will be nearly 15 miles long, have 16 stations, and the capacity to carry 72,000 passengers per hour. Construction is expected to be completed in 2024.

      A Culture of Bicycling in Copenhagen

European cities are generally recognized as world leaders in sustainable urban practices, and Copenhagen, the capital of Denmark, is a leader among leaders. Like Stockholm, Oslo, Amsterdam, and other major cities in the region, Copenhagen has greatly reduced its impact on the environment with innovations in energy-efficient architecture and building techniques, reductions in carbon emissions and solid waste, and increased reliance on efficient and eco-friendly mass transit. However, the city stands out from the others as being extraordinarily bicycle-friendly. Other Europeans use bicycles, too, but in Copenhagen more than 60 percent of people surveyed have reported that bicycling is their main means of transportation in the city, and nearly 40 percent of workers reported that it is their main way of commuting. This exceeds the total number of people who commute by bicycle in the entire United States. Indeed, we can say that this beautiful metropolis of more than 602,000 people is the bicycling capital of the world!

Bicycling in Copenhagen benefits from the city’s relatively flat terrain and high density of urbanization, meaning that distances people need to travel are often short and easy to negotiate. The appeal of bicycling is also tied to continued energy shortages in Denmark and the high cost of gasoline and other fuels. In order to maximize bicycle safety, the city has constructed an efficient network of dedicated bicycle paths and bicycle lanes along city streets, and traffic lights are timed according to the flow of what are called “green waves” of bicycle traffic. Some bike lanes have been widened to three tracks to allow for what is called “conversational” biking. The utility of getting around by bicycle has been enhanced by integrating the mode with transportation by train and bus by allowing riders to bring their bikes on board or to attach them to specially designed racks on the outside. The city’s taxis are required by law to carry bike racks, and using them costs passengers only a little extra in addition to the fare.

Every day, Copenhagen residents bicycle nearly one million miles, resulting in a much quieter city than one that depends on buses and automobiles, cleaner air, and a measurably healthier public. This, in turn, produces tangible benefits to the economy and considerable savings in health care costs. Even the mail is delivered in Copenhagen by bicycle. There are also many bicycle rickshaws and velo taxis in the city, as well as quite a few bicycle rental shops and public bike share systems that locals and visitors can use. In fact, bicycling is the recommended way for tourists to see the sights of Copenhagen. The city also has many bicycle messengers, as well as various vendors of coffee, ice cream, and other products that operate from what are known as cargo bikes. Furthermore, policing in Copenhagen employs bicycles as a fast and efficient way to patrol neighborhoods, and to enhance both visibility and contact with neighbors. Another benefit is that the design and manufacture of high-end bicycles has come to be a significant part of Copenhagen’s economy. The down side, however, is that the city never seems to have enough parking spaces for bicycles, and that key street interchanges and popular shopping districts are chronically overcrowded with too many bicycles. Therefore, it sometimes becomes necessary for police to round up carelessly parked bikes and haul them away by truck.

      Fresh Water for Singapore

Singapore is a small city-state on an island off the southern tip of the Malay Peninsula in Southeast Asia. Singapore covers only 274.1 square miles, but has a population that has grown to more than 5.6 million, resulting in one of the highest population densities of any country in the world. Although space is limited, Singapore has achieved one of the most advanced and highly educated societies in the world, an extremely high standard of living, and a disproportionately large economic impact, both within its region and globally. However, because it is an island completely surrounded by seawater, and the catchment area for rainfall is so small, Singapore has always struggled to supply the population with fresh water. Yet, here too, Singapore has succeeded admirably: despite the obstacles, this small, crowded country is a world leader in being able to provide its citizens (and the millions of foreign visitors who travel to this popular tourism and business destination each year) with a dependable supply of high-quality fresh water at an affordable cost.

Providing fresh water for Singapore begins with effective land-use planning. The government carefully controls where urban development is allowed in order to maximize open space and groundwater conservation. It also conserves rainwater runoff and adds that water to its inventory of available supply. Much of the undeveloped land in Singapore has been engineered into an expanding network of reservoirs that retain the island’s rainfall before it flows into the sea. The city also adds to its water inventory by de-salting seawater (desalination), which can produce up to 30 percent of the supply, although that is a costly, energy-consuming project. Singapore also imports water from Malaysia but is committed to one day having water independence.

Perhaps the most remarkable aspect of Singapore’s water program is reclamation of wastewater, including sewage, into a high-grade water that is not only good for gardening, swimming pools, and industrial uses, but also is perfectly safe to drink. Known by the brand name NEWater, the recycled water is engineered locally and is a product of Singapore’s highly educated population and leading-edge technologies. It is produced in five treatment plants via four complementary and mutually reinforcing barriers of advanced membrane technologies and ultra-violet disinfection. The treatment plants have a total capacity of about 20 million U.S. gallons per day, and they currently account for about 40% of local needs. Despite being perfectly potable, most NEWater goes for industrial uses. There was initial skepticism among the public about drinking water that once ran in toilets, but those doubts have now passed as the public has become used to the idea and trusts it. The public relations campaign to promote NEWater makes use of a mascot named Water Wally, a smiling blue water droplet that encourages Singaporeans to conserve water by repairing leaky taps and keeping showers short. Plans are to make more than half of Singapore’s water come from such recycling by 2030. Not surprisingly, Singapore has emerged as one of the world’s leading centers for research about water technology, conservation, and safety.

A great variety of measures are being undertaken around the world to make our cities sustainable. By enacting driving restrictions, building mass transit systems, and encouraging the use of bicycles, Bogotá, Colombia, is taking steps to solve traffic congestion and pollution within the city. Copenhagen’s bicycle superhighways are also reducing traffic congestion and pollution as well as improving the health of its citizens and reducing health care costs. The scarcity of fresh water has long been an issue for the small island of Singapore. Through a network of reservoirs, desalination, and water reclamation, Singapore not only supplies its incredibly dense population with clean, fresh, and affordable water, it has also emerged as a world research center for water technology, conservation, and safety. Sustainable practices like those established in Bogotá, Copenhagen, and Singapore not only support the healthy use of natural resources and the survivability of the environment, but they also support the continuance of human life as well. Without a healthy environment, the quality of human life on the planet would be severely degraded at the very least. Without natural resources, human life couldn’t exist.

Roman Adrian Cybriwsky

See also: Air Pollution; Desalination; Renewable Energy; Sustainable Development

CHINA’S SHIFT TO RENEWABLE ENERGY

Sometimes there are great examples of sustainability that have immediate and obvious beneficial impacts. But sometimes, in the real world, things are a bit tricky. China, for example, is the biggest polluter in terms of greenhouse gas (GHG) emissions that cause climate change. It overtook the United States in this dubious distinction about a decade ago, as its manufacturing sector has grown relentlessly, often with few environmental protections. More recently, however, China has shifted its outlook and is investing heavily in renewable energy. It is not an “easy” or absolute example of sustainability, but it is a “doable” example that shows how national policy can shift to embrace alternatives.

Over one million people die from polluted air in China each year, and millions more are forced to breathe poisonous air every day (Vaughan 2016). This air pollution is caused by coal-burning factories, coal electric power plants, and oil-driven vehicle traffic. In addition to the high death tolls, there are other significant and wide-ranging health impacts, including cancer, birth defects, heart disease, and respiratory diseases.

China is not alone. According to a report by the World Health Organization, 92 percent of the world’s population lives in places with air pollution above recommended levels. Over 3 million deaths each year are caused by outdoor air pollution, and the vast majority of these are in lower- or middle-income countries in Southeast Asia and western Pacific regions (WHO, 2016). These are examples of countries that are forced to promote the immediate benefits of industrial development over long-term sustainability. To improve environmental quality and human health, these nations must change their economic model and move away from coal consumption. China is a leading example of this shift.

China has the largest population of any country in the world, with more than 1.37 billion people, which makes an obvious contribution to the country’s massive energy use. China’s landmass makes it the fourth largest country, just slightly smaller than the United States, and it shares borders with 14 countries, including Russia, Mongolia, India, North Korea, and Vietnam. The landscape of China varies from hills, plains, and river deltas in the east to mountains, high plateaus, and deserts in the western part of the country. The international border between Nepal and China (Tibet, now a region controlled by China) runs across the summit of Mount Everest, which, at 8,850 meters (29,035 feet) in elevation, is the highest mountain in the world. The climate of China is likewise diverse, with subarctic cold in the north and at high elevations and tropical conditions in the south.

These physical environmental variations have influenced population distribution: 95 percent of Chinese live in the eastern one-third of the country. Along the coast and in a few central commercial centers, there is a high level of economic development, which pulls in hundreds of millions of immigrants from the poorer rural interior regions each year. Ethnic Chinese make up about 92 percent of the population (National Geographic 2004). China has the world’s longest continuous civilization, estimated at over 40 centuries old. Chinese developed art, philosophy, technology, and a vast military power that built enduring empires across Asia.

Fast forward to modern times. The People’s Republic of China is a communist country with a centrally controlled economy. In 2001, China joined the World Trade Organization, taking on a full role in the global economy. Indeed, China now has the largest economy in the world, with a gross domestic product (GDP, figured as purchasing power parity) of $21.27 trillion in 2016; by comparison, the U.S. GDP was $18.56 trillion (CIA, 2018). Chinese industrial output is focused on iron, steel, coal, machine building, armaments, and consumer goods; thus, it now exports vast amounts of machinery, equipment, textiles, clothing, footwear, toys, sporting goods, and mineral fuels.

      China’s Renewable Energy Investment

China’s rapid industrial growth led to alarming pollution: four of the world’s most polluted cities in terms of air pollution are in China. Coal powered the massive growth in China’s industrial output, and this caused significant environmental damage. In early 2017, however, China’s National Energy Administration announced a plan to invest 2.5 trillion yuan ($363 billion) in renewable energy, with the goal of dominating the world in renewable energy generation and equipment manufacturing (Reuters 2017).

The Chinese plan states that about half of new electricity generation will be from renewable sources by 2020. Further, 13 million new jobs will be created in the renewable energy sector by 2020 (Forsythe 2017). China plans to focus on renewable power supplies like wind, solar, and hydro, each of which holds potential in distinct regions.

Specifically, the five-year plan written by China’s economic planning agency states that approximately 700 billion yuan ($100 billion) will go toward wind farms, 500 billion yuan ($73 billion) to hydropower, and new investments in tidal power and geothermal will reach about 275 billion yuan ($40 billion). Solar power will get one trillion yuan ($145 million), with the goal of increasing solar capacity by five times its current level. To give perspective, that is like adding about 1,000 major new solar power plants over the next few years. China is already the world’s top producer of solar power (Forsythe 2017; Reuters 2017). Because demand continues to skyrocket, now stimulated by the national government’s new commitments, most experts say the costs of renewables will continue to go down.
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A solar farm in Shanghai, China, 2011. China, known as one of the largest contributors of greenhouse gas emissions in the world, has in recent years made sizable investments in green technology. In fact, the country is the world’s largest producer of solar power. (Ipadimages/Dreamstime.com)

China’s new policy is more than simply an act to promote environmental sustainability; indeed, the Chinese are basically staking a claim on the renewable energy industry. The economic power of China, already a big player in renewable energy, will now expand rapidly, as they seek to manufacture all components of wind and solar energy production. Because of the huge market within China, their companies will be able to produce these products at a huge scale, ramping up production, driving down costs, and creating thousands of jobs.

On top of all the recent investments, the shift has already been happening on the ground. For example, China installed more than one wind turbine every hour, every day, for the whole year of 2015. They were also active with solar installations; China covered the area of one soccer field every hour for all of 2015, too (Greenpeace 2017).

      Challenges from the Coal Industry

But this shift to renewable energy faces a big challenge because the Chinese coal industry has a lot of political power. Coal has traditionally been the main supplier of energy to China’s electric grid, and indeed the country has continued to build coal-burning power plants. This important announcement by the Chinese National Energy Administration did not mention how or if coal power would be reduced. Still, environmentalists are hopeful that the country will continue to shift away from dirty, nonrenewable sources of energy. In a country as huge as China, with its powerful industrial economy, it is a huge challenge to make this shift. Even with this important policy commitment, there will still be significant fossil fuels being consumed. By 2020, renewable energy will still only make up 15 percent of total Chinese energy consumption (Reuters 2017).

Fossil fuels like coal are such a prominent force in the world economy because they are heavily subsidized. According to the International Energy Agency, globally the level of direct subsidies to fossil fuels was $493 billion in 2014, which is more than triple the subsidies going to renewable energy ($150 billion) (IEA 2016). These subsidies take the form of tax breaks, grants given to coal or oil producers, investments by state-owned enterprises, government funding of fossil fuel research, and financing from government-owned banks. For China specifically, direct fossil fuel subsidies are estimated at $17 billion annually, as compared to more than $20 billion of subsidies in the U.S. (China Dialogue 2016; Bast et al. 2015; Oil Change International 2018).

      Looking Ahead

In 2017, the Bloomberg New Energy Outlook report noted that the cost of wind and solar continues to drop. These two technologies will become the cheapest ways of producing electricity in many countries during the 2020s and in most of the world in the 2030s. The cost of onshore wind costs will fall by 47 percent and solar photovoltaic costs will drop by 66 percent by 2040 (Bloomberg 2017). Geographically, the Asia-Pacific region leads in renewable energy investment, representing 50 percent of all new investment worldwide, with China as the leading nation.

Specifically, China increased its foreign investment in renewables by 60 percent to $32 billion in 2016 (IEEFA 2017). China has recently invested in over 10 international projects, each worth more than $1 billion. China has been growing its financial investments regionally, too, by establishing the Asia Infrastructure Investment Bank. Also, China is a key player in the BRICS’s (Brazil, Russia, India, China, and South Africa) New Development Bank, which is making loans for renewable energy projects. China outspent the United States by two and a half times in their investments in domestic renewable energy production (Bloomberg 2017). China is now the global leader in terms of technology, investment, manufacturing, and employment related to renewable energy.

China has a history of environmental degradation due to its industrialization-at-all-cost goals. It has a very poor environmental record over the last 100 years. Yet China has recently made massive and significant commitments to support renewable energy. Maybe China, and other countries, will make this much-needed shift away from fossil fuels in the near future.

Leslie Duram
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WATER AND GENDER IN MADAGASCAR

While the availability of water in developed countries is taken for granted, access to safe drinking water is not a given for many people in developing countries or in the most remote or arid places in the world. In many areas, women and girls fetch and transport water for cooking, bathing, care for animals, and cultivation of home gardens, but they are not well represented in leadership positions. Women are also very vulnerable to changes in water availability and quality, droughts, floods, and shifting climate regimes.

Madagascar is a case in point. It is the fourth largest island in the world, located off the coast of Africa. Of the island’s 19.7 million people, 60 percent do not have access to safe drinking water. Madagascar possesses some of the world’s most unique ecosystems, including a total of eight plant families, five bird families, and five primate families that live nowhere else on the planet. Its tropical forests and marine environments are home to endemic species of flora and fauna; however, 15 species are now extinct due to deforestation and loss of biodiversity.

While Madagascar is rich in freshwater resources, many people still lack clean water. It is also one of the poorest nations in the world. Most people are forced to survive on less than two dollars per day. Like many other vulnerable communities around the world, villagers in Madagascar depend on the availability of healthy freshwater ecosystems for food, drinkable water, agricultural production, and protection from damaging floods and living organisms.
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Girls fetch water for their families at a well in Madagascar, 2011. Like those in many of the world’s developing countries, women and girls in Madagascar are responsible for obtaining their family’s water. (Siempreverde22/Dreamstime.com)

A United Nations Children’s Fund (UNICEF) study in 2002 estimated that more than 3.5 million school days were lost per year on the island due to diarrhea and other preventable waterborne diseases. This is due to the fact that only 18 percent of the urban population and 10 percent of the rural population uses latrines. More than 30 percent of the population defecates in the open air, according to a 2010 World Health Organization (WHO) report. This situation has led to ecosystem degradation and human health and sanitation problems.

      Creating Safe Water Sources

Conservation International (CI), an international nongovernmental organization, has been working in Madagascar since 1987. Its goal is to improve biodiversity and contribute to improved welfare of the population. CI is a private, nonprofit environmental organization with programs in more than 40 countries. Its mission is to empower people to responsibly and sustainably preserve ecosystems and to foster human welfare by building on a strong foundation of science, partnership, and field demonstration. For CI, there are strong links between ongoing and emerging conflicts over scarce resources and impacts on human well-being and environmental protection.

CI seeks to demonstrate that, just as deteriorating environmental conditions can bring about or heighten conflict, abundant natural resources and healthy ecosystems can serve as the scaffolding for healthy, prosperous, and peaceful societies. There is growing awareness and recognition by global leaders, national governments, and institutions that collaboration and the constant search for workable solutions will be important factors in addressing the challenges of resource conservation and sustainable water management.

CI’s work in the forest corridor Natural Resource Reserve in Southern Madagascar (called COFAV) has focused on generating benefits for biodiversity and the population. Deforestation rates in the corridor decreased from 1.5 percent in 2000 to 0.40 percent in 2010. Since 2005, CI has helped to establish protected area management systems and build capacity among community-based organizations and associations to conserve the island’s valuable biodiversity. CI’s goal is to help protect the sources and flows of freshwater by promoting practices that integrate land- and water-resource management and sustain natural watersheds to ensure the long-term availability and quality of freshwater (Conservation International).

In the remote communities of the COFAV, community members have to walk for more than a day to get to health services or a market. There are very few safe water sources, and communities need to gather water for everyday uses. Recognizing these needs, CI Madagascar, with support from the U.S. Agency for International Development (USAID), partnered with two local organizations to strengthen community capacity to build water point sources or wells. At the same time, the project promoted improved family planning in addition to water and environmental sanitation activities. In order to increase capacity for effective conservation, CI and partners empowered communities to manage their resources in an environmentally sustainable manner.

      Leadership for Women in Water Management

In each of the five COFAV villages in the project, women participated as full members of the local water management committees. Water management committees were the mandated structures within the national Madagascar water policy framework. These committees were instrumental in making decisions about maintenance of water wells and actions to protect water as a valuable resource.

As extension agents, women also took leadership in the conduct of informal education seminars with children and mothers to increase awareness of safe water management and healthy behaviors. Women and men shared responsibility for ensuring regular monitoring of the water quality from the point sources and reporting to local authorities. They also developed awareness programs and messages about healthy families, healthy ecosystems, and ways to protect the environment.

By the end of the project, CI and its partners had strengthened community capacity to better manage the island’s health and natural resources. More than 21,000 people listened to an educational integrated message or attended a presentation on healthy behaviors. Community members helped to install eight boreholes/water sources serving more than 595 households (about 2,836 people), and built more than 20 latrines. The members of the eight local water point management committees also increased the participation of women in decision making. Women were fully involved in all aspects of the project. Since the construction of the new latrines and water sources, community members have been observing a reduced incidence of diarrhea and waterborne diseases (Conservation International).

Integrated conservation projects that address the water sector needs of countries and integrate women and girls in countries like Madagascar are critical to sustainable development. The recommendations for future projects that emanate from the Madagascar experience include the following: consideration of women’s needs upfront in the project design phase and during implementation; use of monitoring and evaluation (M&E) frameworks and development indicators separated by gender; and integration of gender considerations in all programs to attain gender-equitable results and address the different needs of men and women.

Another lesson learned was that projects of this nature should pay special attention to how anticipated project outcomes are likely to affect men and women differently. Systematic gathering of information is needed to identify differences and inequalities that men and women face and to understand gender nuances such as the division of labor, differential access to resources and power, and different opportunities or constraints that men and women face in terms of water rights, education, employment and social welfare.

Patricia Biermayr-Jenzano and Janet Edmond

See also: Biodiversity; Ecosystems; Sustainable Development

PROTECTING BIODIVERSITY IN COSTA RICA

The nation of Costa Rica has made a concerted effort to protect its natural environment. Article 50 of its Constitution states that “[t]oda persona tiene derecho a un ambiente sano y ecológicamente equilibrado.” This translates to “[e]very person has the right to a healthy and ecologically-balanced environment” (CostaRica.com 2015; República de Costa Rica 2018).

Indeed, this small Central American nation, with its rich ecological diversity, is guided by this goal. Costa Rica contains 5 percent of the world’s species biodiversity, even though its land area is only about 0.03 percent of the planet (Embassy of Costa Rica 2018). Indeed, it is known globally as an example of a nation with excellent policies that succeed in both protecting the environment and building a strong economy linked to nature.

Costa Rica is in Central America, with coasts on both the Pacific Ocean and Caribbean Sea. Nicaragua is to the north, and Panama is on its southern border. Costa Rica is 51,100 square kilometers (19,730 square miles), or about the size of Kentucky, with a population of 4.5 million. National parks and reserves cover about 26 percent of the nation’s land area (13.42 square kilometers or 518 square miles) (Embassy of Costa Rica, 2018). The climate is tropical and subtropical with a dry season (December to April) and a rainy season (May to November). It is cooler in the interior highlands. The coastal flats are separated by rugged mountains that include over 100 volcanic cones, several of which are active volcanoes.

Costa Rica declared its independence from Spain in 1821 and had a fairly clear path toward the development of a democracy. In 1949, Costa Rica abolished its military and instead decided to use these funds for education, health care, and environmental initiatives. It now has a strong ecotourism industry and growth in technology jobs.

Costa Ricans enjoy a high standard of living, political stability, and an excellent social services system. The government has consistently spent 20 percent of gross domestic product (GDP) to reach its goals of providing health care, education, safe water, sanitation, and electricity to all people. Costa Rica spends 6 percent of its GDP on education (Embassy of Costa Rica 2018), which is quite high compared to many developed countries. Indeed, Costa Rica has high life expectancy, low infant mortality, and a low birth rate. In fact, these demographic numbers are all very similar to the United States. Costa Rica’s poverty rate is lower than other Central American nations and is in line with many developed countries.

      A Success Story

The Constitution of Costa Rica, implemented in 1949, lays out the framework for national environmental policy. Today, we can see success in several realms.

First, biodiversity is promoted through reforestation incentives such as government-subsidized loans, tax credits, and direct payments that benefit both small and large landowners. In terms of administration, forest resource use and protected areas are merged, so planning involves both timber harvest (cutting trees) and recreation (enjoying rainforests and habitats) within one agency. There are protected areas, with government management offices, in each geographic region of the country. Science, ecology, and forestry are emphasized in schools, and Costa Rican landowners can get a lot of technical support. Because of this education, many conservation efforts are actually the responsibility of individual citizens. Further, Costa Rica has an office that deals with trading carbon emissions in the international market, so other countries or multinational corporations pay Costa Rica to protect its forests.

Costa Rica won the 2010 Future Policy Award at the Global Summit on Biodiversity. The prize was given for its 1998 Biodiversity Law Number 7788 (Ley de Biodiversidad, Ley 7788) of 1998, and its 2008 amendments are recognized as among the best national biodiversity laws in the world. These are considered a model for other nations to follow.

Costa Rica funds nature reserves from a fuel tax, a car tax, and energy fees. The nation considers this essential to protecting its ecosystem services like biodiversity, clean air, and clean water. Costa Rica set up a national biodiversity collaborative with scientists, government workers, indigenous people, and others working together to develop long-term solutions. With these major actions, Costa Rica was able to increase forest cover from 24 percent in 1985 to 46 percent in 2010 (Walker 2017). It is also worth noting that Costa Rica ranks first in the Happy Planet Index, an index that measures sustainable well-being, and high in numerous environmental rankings (Watts 2010).
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Wind turbines on top of a mountain in the central valley of Costa Rica. In Costa Rica, biodiversity is promoted through a number of government policies, including a commitment to clean energy. In fact, the country has come very close to using only renewable sources for its national electricity grid. In 2018, it operated on a combination of a number of renewable energies for 300 days. (Wollertz/Dreamstime.com)

Second, renewable energy production is soaring. In recent years, Costa Rica has come very close to relying solely on renewable sources for its national electricity grid. In 2018, for example, the country ran on a combination of hydropower, geothermal, wind, and solar energy for 300 days (Newsweek 2018). No other country of similar size has come close to this. Some countries work toward being carbon neutral, which means they achieve net-zero carbon emissions by burning some fossil fuels but then planting trees to offset this usage. However, Costa Rica’s 100 percent renewable days means that their electricity is created entirely from these infinite resources.

How has Costa Rica done this? The Costa Rican natural environment provides many opportunities. Early on, the government invested in renewable energy for power generation. Because of abundant rainfall, hydroelectric plants produce a lot of energy. Geothermal renewable energy is also present here, due to underground steam from volcanos. Solar and wind power are an increasingly important part of the national energy portfolio.

To its advantage, the country has a relatively small population and an economy that is not focused on manufacturing. In any case, the Costa Rican government makes renewable energy a priority. There is a new program that promotes solar panels and other renewables by allowing consumers to store their surplus power in the national grid. In 2016, the nation set up four new wind farms and built a 305-MW hydroelectric plant that can power 525,000 homes (Science Alert 2016). Most recently, Costa Rica began construction of three 50-MW geothermal power plants, costing nearly a billion dollars (Costa Rica News 2016). This is a huge commitment for a small country, but it shows they are investing in the future—and that future is green.

      National Environmental Policy

Costa Rica has been successful in protecting biodiversity and developing a renewable energy electricity grid due to their long-term environmental policies. The nation has made a long-term commitment to environmental sustainability, as seen in both policy implementation and in community participation. Demilitarizing the nation 70 years ago meant that all of these defense funds can be concentrated into education, health care, and environmental protection. As stated in the Costa Rican Constitution, people have a right to a clean environment.

Costa Rica’s environmental policies are based on the Organic Environmental Act of 1995 (Ley Orgánica del Ambiente General No. 7554), which spells out specific details about conservation, sustainable use of natural resources, and inclusive economic development. This law also expands public participation in the management of biodiversity and the fair sharing of benefits derived from it. Further, the law states that whoever pollutes or damages the environment is subject to penalty. Law 7554 established the National Environmental Council as an advisory group that reports directly to the president of Costa Rica. This emphasizes the key role that environmental issues play in the national mind-set.

According to this environmental act, the lead agency for environmental policy is the Ministry of Environment, Energy, and Telecommunications (MINAE)—in Spanish, the Ministerio de Ambiente, Energía, y Telecomunicaciones. This ministry has the responsibility of managing natural resources and protecting the environment, with 10 agencies under its control, overseeing everything from meteorological data to marine parks, but including forestry and biodiversity protections.

The Costa Rican Ministry of the Environmental (MINAE) divided the country into 11 geographic areas to be managed by the National System of Conservation Areas (SINAC). The powerful Environmental Court system, which is strict with violators, is particularly involved in slowing development and urbanization that can harm habitats high in biodiversity. Public participation is encouraged, and the agency works to set policies to achieve sustainable natural resources management. Education plays a key role in conservation efforts in Costa Rica. Because national policies emphasize education, science and conservation are taught early on.

      Integrated Policy Leads to Success

In terms of renewable energy, biodiversity, and more, Costa Rica provides examples of environmental policies worth noting. By integrating global initiatives, national goals, and local actions, Costa Rica illustrates the balance environmental geographers seek.

For example, the award-winning Costa Rica Biodiversity Law is closely aligned with the UN Convention on Biological Diversity. The stated objective of this UN law is to protect the “conservation of biodiversity and the sustainable use of the resources as well as to distribute in an equitable manner the benefits and derived costs” (WIPO 2017).

This is notable in several aspects. Costa Rican law works both for its own interests and for global benefit. It promotes incentives and rewards for ecological actions gained from conservation and sustainable biodiversity. It sets up preventive and precautionary principles and states that biodiversity should be used in the public interest, including the interest of future generations. Thus, the Costa Rican government has integrated environmental goals across other policy areas, such as the economy and education. There are even ethical issues to be learned from these environmental policies.

One Costa Rican official explained, “We are declaring peace with nature” (Watts, 2010). This comment refers to the fact that Costa Rica disbanded its military and has thus focused on environmental protection and social well-being.

Leslie Duram
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AFRICA’S GREAT GREEN WALL

The Great Green Wall of the Sahara and the Sahel Initiative (GGWSSI) is a project that began as a plan to plant a wall of trees across Africa at the southern edge of the Sahara Desert to slow or prevent desertification. The goals have expanded over the years, and now the GGWSSI seeks to reduce the detrimental social, economic, and environmental impacts of land degradation felt among people in the Sahel and the Sahara. This is a major African-led initiative that aims to build resilient landscapes to address the challenges of climate change in the region.

According to the African Union (2018, p. 3): “The overall goal of the Great Green Wall initiative is to strengthen the resilience of the region’s people and natural systems with sound ecosystems management, sustainable development of land resources, the protection of rural heritage and the improvement of the living conditions of the local population.”

      Desertification

According to the UN Convention to Combat Desertification, desertification is “land degradation in arid, semiarid and dry subhumid areas resulting from various factors, including climatic variations and human activities” (UNCCD 2018). This does not mean the actual advancement of sandy deserts but rather persistent degradation of dryland ecosystems caused by human activities like overgrazing, unsustainable farming, clear-cutting trees, and anthropogenic climate change. Soil is a living thing, composed of animals, plants, fungi, and microorganisms. Once this living soil is disrupted in dryland areas, wind and water erosion worsen problems by carrying away topsoil and leaving just infertile dust and sand. The combination of human actions and environmental processes transforms healthy landscapes into degraded land and eventually to desert that is unable to grow vegetation.

Drylands take up 41 percent of Earth’s land area, and more than 2 billion people (nearly one-third of the human population) live in these areas. Sadly, some of the world’s most poverty-stricken areas are located in these arid regions. An estimated 74 percent of the world’s poor are affected by land degradation. Given such a broad impact, it is not surprising that desertification can be studied at every geographic scale. Indeed, the negative effects of desertification are experienced locally, nationally, regionally, and globally.

Droughts have increased significantly since the 1970s, with double the land area now experiencing severe droughts. It is estimated that 12 million hectares (29.7 million acres) are lost each year to drought and desertification, and on this land, 20 million tons of grain could have been grown. This staggering number indicates that this is clearly both a social concern and an environmental disaster (UN 2018).

      The Great Green Wall

The Great Green Wall is an effort to combat desertification in Africa, specifically along the southern edge of the Sahara Desert, which reaches 7,700 kilometers (4,785 miles) from the Atlantic Ocean on the west to the Red Sea on the east. Originally, the main effort was concentrated on planting a 15-kilometer-wide (9 miles) band of trees from Djibouti City, Djibouti (in the east), to Dakar, Senegal (in the west). In recent years, the idea of this simple belt of trees has expanded to include related projects in other North and West African countries. Now 20 countries are participating—each with individual local action plans.

This idea took hold in 2005, when the African Union initiated the idea of planting a wide band of trees along the southern part of the Sahara Desert to block wind and improve the soil quality by adding nutrients and binding sediment together. Soon many African leaders became interested, as they saw the initiative as a possible action to combat some of the social and environmental issues faced in the Sahel-Sahara region, where over 80 percent of the population depends directly on the land for their survival. The people here are farmers and herders, many of whom rely on trees for fuel wood to heat their homes and cook their food. In this region, it is estimated that about half of the land is degraded from human activity, soil erosion, and rising temperatures (The Economist 2016).

More than 50 countries support the project. Of course, tree planting is part of the initiative, but many other goals have grown in importance: reducing the impacts of climate change, increasing food, and providing economic growth. Collective goals include restoration of 50 million hectares of land, creating 350,000 new jobs, improving food security for 20 million people, and sequestering 250 million tons of carbon (Monks 2016).

Each participating country has also determined its own local goals; the bigger overarching project works to promote the shared goals. Individual countries may focus on community development, education, farmer training, business development, water management, agro-forestry, and other goals that are locally specific. Together these actions combine to create the collective Great Green Wall Initiative, which could provide resiliency to the region.
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This map shows the focus area of a greening initiative along the southern edge of the Sahara Desert in Africa, as well as the countries committed to the project. Africa’s Great Green Wall is a program to slow desertification and improve living conditions through sustainable land management. The program includes planting trees, restoring land, creating jobs, and increasing harvests. (ABC-CLIO)

Specific country action plans have been developed and shared among partner countries. Here are a few:

Niger is one of the poorest countries in the world, but farmers in this central African country have worked to restore huge areas of desert land with very little money. Niger’s farmers are regenerating the land using innovative methods such as digging “half-moon” pits to store water, stimulating tree roots to revive them, and carefully caring for plants during drought time. These methods have helped restore about 200 million trees and 5 million hectares (19,000 square miles) of farmland. It is estimated that this will feed over 2 million people. In Niger, a key factor is that local people have control of the project, and this empowers small landowners to protect the trees and restore the land. This is called farmer-managed natural regeneration, or FMNR, and many organizations promote this approach over a large national government controlling the projects. These FMNR practices have now spread to Malawi and Ethiopia (FAO 2018).

In Mali, farmers also use FMNR and have fully embraced agroforestry, or the integration of trees into their cropping. They note the many benefits of planting trees: shade, livestock fodder, drought protection, firewood, and even the return of small wildlife. Farmers claim their crops have increased by 50 percent because of the trees, and livestock numbers have increased due to better grazing land. By nurturing native species of trees that sprout naturally, farmers create a resilient landscape at a low cost. A big issue here was the need to change old colonial land and resource rights that made it illegal for farmers to use the trees on their land. Historically, only the colonial rulers were allowed to cut trees and sell timber. Once these archaic laws were changed so that farmers could manage the trees on their land, the use of agroforestry increased with great success. FMNR has spread from farmer to farmer and village to village, because when people see the benefits, they adopt the agroforestry practices themselves (Hertsgaard 2011).

The West African nation of Senegal has been actively involved in the Great Green Wall Initiative since 2008 and is now seeing the results of its work. The Senegal National Agency for the Great Green Wall works with local people who have planted two million seedling trees along a 545-kilometer (340-mile) strip of land that is their portion of the bigger African Green Wall. During the spring seasons, about 400 people work in tree nurseries, growing the seedlings until they are ready for planting in August. Six indigenous tree species were specially selected by scientists and local people because of their economic uses and hardiness. Then nearly 1,000 people work to plant about two million trees during the rainy season, before the long dry season comes. The trees must be fenced off from animals for six years, allowing them to grow high enough that the grazing and wild animals cannot forage them down. A huge (7.5 hectares, 20 acre) gardening project has also been initiated and relies on an aquifer for irrigation; it employs 250 women who learn how to grow numerous fruits and vegetables for their communities. Overall, Senegal has planted more than 27,000 hectares (66,700 acres) of trees and restored more than 4 million hectares (9.9 million acres) of land as their part of the Great Green Wall Initiative (Powers 2014).

Efforts are increasingly widespread: over 25 outside organizations and agencies are working to support the Great Green Wall Initiative. Together, many partners, including governments, the United Nations, the European Union, and other nonprofit groups, are working together to address the problems of desertification.

      Looking Ahead

Desertification and land degradation along the southern edge of the Sahara Desert have been occurring for at least 50 years and at a more rapid rate in recent decades. This is due to both human activity and environmental conditions. Population pressure, resource use, and climate change in the region have led to significant problems with land degradation, both in terms of vast land areas and affected populations. Specifically, in sub-Saharan Africa, it is estimated that 500 million people live on land that is severely degrading and undergoing desertification (Schleeter 2013).

Given the diversity and vastness of this initiative, the Great Green Wall is becoming more of a mosaic of greening initiatives tailored to local conditions than a vast line of forest, which may not be possible or even helpful in some areas. Unity and collaboration seem to be key aspects of this initiative, which crosses many political, cultural, and ecological boundaries.

As we look ahead, there is reason for optimism. According to scientists and partners from international organizations, the collaborative efforts have been very positive: “Here, we saw political leaders, heads of state, and ministers in different countries wanting to work on common environmental issues and wanting to tackle land degradation issues together” (Schleeter 2013).

Leslie Duram
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Acculturation




Acculturation usually refers to changes in the culture of a minority ethnic or religious group as it adapts to the dominant, majority culture of a society. However, acculturation occurs in more than one direction. The dominant cultural group may also experience changes to its beliefs, values, and practices, adopting some of the cultural traits of the subordinate group. Furthermore, acculturation can occur among cultural groups in which none of the groups are particularly dominant or submissive.

Acculturation is a major result of immigration. Among the cultural traits that could be affected by acculturation are personal values, dress, hairstyle, diet, musical preferences, and language. Changes to these and other traits occur as different cultural groups interact. While members of a group may undergo major changes to their values and practices, they also typically retain some of their group’s unique heritage values. Thus, acculturation involves a mix of old and new cultural characteristics.

The acculturation process typically takes place gradually over lengthy periods of time. Although it is most commonly associated with immigration, it can also occur as part of other forms of cultural interaction, such as listening to music, watching movies, or vacationing or studying in foreign lands. Some anthropologists consider the genetic mixing of ethnic groups to be another aspect of acculturation.

In the United States, the acculturation process has traditionally been referred to as the “melting pot.” This refers to the concept that the country’s culturally diverse immigrant groups undergo an “Americanization” that diminishes differences. Americanization can be a form of integration (in which some cultural traits of the immigrants’ original countries are retained) or assimilation (in which the main cultural traits of the immigrants’ original countries are lost).

HISTORIC EXAMPLES

Examples of acculturation can be found throughout the modern era of the United States, a multicultural nation made of immigrants from all parts of the world and their descendants. Musical tastes, fashion senses, slang terms, and other elements of culture are constantly being exchanged among different ethnic and racial groups. For example, rock music began in the 1950s as the white adaptation of black blues and rhythm-and-blues music. Earlier, blues music had its own origin in acculturation—the mixing of the English language, Western guitars, African rhythms and musical sensibilities, and feelings derived from the social aftermath of slavery. Another common example of modern American acculturation is the way various ethnic foods, such as Mexican, Chinese, and Indian dishes, have been integrated into the diets of Americans of all ethnicities. However, many of those foods have been Americanized beyond their original versions.

Numerous additional examples of acculturation can be cited. When the victorious United States occupied defeated Japan after World War II, many Japanese adopted elements of American culture. This included Western-style dress, food (such as more meat in the diet), and sports (especially baseball and golf). In turn, Japanese foods, kimonos, and, of course, Godzilla movies became popular among Americans as the former enemies became friends. The Western diet led to both positive and negative changes in the health of the Japanese population. Average body height and muscle mass increased, but so did rates of obesity, cardiovascular disease, and certain cancers. Beneficial and adverse outcomes often stem from acculturation.

A. J. Smuskiewicz
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Acid Rain




Acid rain is rain that has been acidified by pollutants in the air. Two common air pollutants, sulfur dioxide (SO2) and the nitrogen oxides (NOX), cause acid rain when they react with water and form sulfuric, nitric, and other acids. When the environment fails to neutralize the levels of these pollutants, damage occurs. Today, acid rain and acid deposition affect plants and animals, as well as buildings and monuments, piping, and automobile exteriors. They can also cause toxic metals to leach into underground drinking water sources.

Acid naturally occurs in Earth’s atmosphere. However, unnatural acid levels are on the rise, due largely to the industrial age. One major component of acid rain, sulfur dioxide, is a byproduct of the burning of fossil fuels. Ore-smelting plants, coal-fired power generators, and natural gas processing are the main contributors to the excess of sulfur dioxide in the air today. The other major contributor to acid rain, nitrogen oxide, comes mainly from fuels in motor vehicles, residential and commercial furnaces, industrial and electrical-utility boilers, and combustion engines.

[image: image]

This illustration shows how human-caused pollution becomes trapped in the atmosphere. Some remain in the air as dust particles and some of it eventually falls back to Earth in the form of acid rain or snow. This polluted precipitation contaminates surface and groundwater. This creates a toxic environment, harmful to plants, animals, and humans. (Normaals/Dreamstime.com)

EFFECTS OF ACID RAIN

Acid rain has been a fully realized ecological problem for only a few decades. The effects of acid rain have been recorded in the eastern United States, Great Britain, Germany, and elsewhere. More recently, acid rain is becoming a significant problem in China, Japan, and other rapidly industrializing nations like India and Taiwan. Scientists fear the negative effects will continue to worsen unless governments and industries work together.

Acid rain can affect bodies of water by increasing the acidity until fish and marine vegetation can no longer survive. As acidity rises, forms of aquatic life struggle to survive. At a pH level of 5.5, bottom-dwelling bacterial decomposers start to disappear, leaving organic debris to collect. In such cases, plankton, the base of the aquatic ecosystem, lacks its food source, which negatively affects all marine life. Further, if the composed leaf litter problem persists, toxic metals such as aluminum and mercury can be released and seep into the groundwater. At pH levels of 4.5 and below, nearly all aquatic life will die.

Acid rain also greatly affects forests and soil by washing away vital nutrients and replacing them with harmful toxins. Some of the great forests in Germany and Western Europe are believed to be dying from acid deposition, which results from the combination of wet and dry acid pollution. Scientists believe essential nutrients for plant life are washed away by acid rain, which can also affect crop yields. During this process, toxic metals are transferred from the atmosphere to forests. These deposits of lead, zinc, copper, chromium, and aluminum, among others, retard growth of local plant life, as well as mosses, algae, nitrogen-fixing bacteria, and fungi, all of which contribute to the health of forests.

Although aquatic and forest life suffer most from acid rain, scientists are also noticing many other detrimental effects. Acid deposition on buildings and statues causes costly erosion of limestone and marble into a substance called gypsum. Acid deposition can affect travel as well. Costly damage to bridges, airplanes, and railways has been documented. Acid rain can also damage many fabrics. From the American flag hanging near city hall to the paper in historic books and documents, acid deposition can cause noticeable deterioration.

Finally, acid rain affects humans directly. Some of the most serious side effects of acid pollution are respiratory problems such as asthma, dry coughs, headaches, and eye, nose, and throat irritation. Other effects on humans come from fruits and vegetables that have absorbed toxic metals that were dissolved in water. When ingested, toxic metals like mercury can cause nerve disorders, brain damage, and even death.

COMBATING ACID RAIN

Acid deposition will continue to be a problem, but there is some debate as to just how large a problem it will be in the future. On the one hand, scientists are confident that new technology, increased awareness, government involvement, and industry reforms will create responsible energy production. Current initiatives include cap-and-trade policies, subsidized clean coal technologies, use of renewable energy resources, and electronic emissions monitoring systems, along with many others. On the other hand, the industrial age continues to progress, and an increasing number of people are relying on manufactured energy. The future of acid rain, like most environmental problems, is an uncertain one.

Arthur Holst
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Agribusiness




There are two connotations for the term “agribusiness.” Generally speaking, the word is used to identify the various components of modern crop production: growers; silo operators; fertilizer, seed, and farm implement salespeople; agricultural technicians; and others. When used this way, the word includes all aspects of modern agricultural economics, including the marketing and advertising of agricultural commodities, and is not focused simply on production techniques and methods.

In a more specific sense, agribusiness may be used interchangeably with the phrases “industrial farming,” “corporate farming,” or “factory farming.” In this context, “agribusiness” means the application of mass-production techniques to farming along with the creation of large agricultural units, typically under corporate ownership. Production in this system relies on achieving economies of scale. For crop production, this involves the acquisition and combination of farmland into larger parcels. For livestock production, it involves the concentration of animals into high-density facilities, where feeding, breeding, and processing costs are minimized.

Factory farming is a widespread phenomenon in the agricultural ecology of the industrialized world. It may be seen as a continuation of the agricultural revolution initiated in Great Britain in the early 1700s. The most visible examples of factory farming are extensive farms and animal husbandry methods utilizing high-density units such as poultry houses, hog parlors, or other so-called Concentrated Animal Feeding Operations (CAFOs), a designation assigned in the United States by the Department of Agriculture.

Since the 1940s, shifts in many areas of agriculture have occurred, resulting in larger, more intensively utilized production units. For example, in 1970, the average dairy farm in the United States had 19 cows. By 2007, that number had risen to 128 cows per farm. In some regions, particularly in western states, the increase was much larger than the national average. The overall size of farms has increased substantially as well. The size of the average farm in the United States increased from about 150 acres in the 1930s to more than 400 acres in 2002, although the total number of farms in the country has decreased steadily since the 1940s (Hanks 2011).

Nevertheless, nonfamily farms—that is, those corporately owned—account for only 1–2 percent of all farms in the country, although the corporate farms produce about 10 percent of total agricultural output by value (MacDonald and Hoppe 2017). Moreover, corporate farming is particularly important in the production of meat and animal products. A handful of corporations slaughter the great majority of livestock in the United States.

ROOTS OF AGRIBUSINESS

The emergence of agribusiness can be traced to the beginning of the Industrial Revolution. It was only a short time before the mass-production techniques of the factory began to be applied to the countryside. This was especially true in the case of mechanization, with a steady progression of machines replacing both human and animal power in the fields after 1820.

The invention of steam-powered equipment gave even greater momentum to the process of mechanization. Such machines could do the work of many men, or several draft animals, faster and more efficiently. This increased efficiency resulted in mass production, which caused a drop in the relative prices of agricultural commodities. A cheaper and more efficient model of production had the effect of drastically reducing the agricultural labor force, as well as intensifying competition.

Advances in agricultural science also fueled this mass production business model. By the 1930s, affordable commercial fertilizers had become widely available in the United States, substantially increasing crop yields. A decade later, advances in genetic science and botanical engineering, still a major component of agribusiness, paid enormous dividends in total production, especially the hybrids generated as a result of the Green Revolution.

Food production in many parts of the world skyrocketed as these new technologies were implemented with advanced business strategies and an expanding market. After the application of High Yield Varieties (HYVs) of wheat and rice in India in the 1960s, the country was able to avoid major food shortages in spite of a rapidly growing population.

TODAY’S AGRIBUSINESS

Agribusiness today is characterized by technological innovations and managerial methods that have vastly increased production. An example of the former is the technique of hydroponics, a technology that enables higher-value vegetables to be grown intensively in large greenhouses, rather than in agricultural fields. There are multiple advantages to producing vegetables in this manner.

First, the greenhouse presents a closed environment that allows for easier control of insect pests, limits the incidence of plant disease, and avoids the impact of adverse weather on the plants. Soil is not necessary for this type of production; the plants are grown in an inert media saturated with a solution of water and plant food that provides all the nutrients necessary for the plant to thrive. In some cases, individual plants are fed via a system of drip irrigation, which greatly reduces the amount of water required, another major advantage in the process. Artificial lighting in these facilities can also supplement natural sunlight. In the United States, yields may be six to eight times what a comparable field would produce. Animal products have also seen enormous increases in yields due to agribusiness advances.

Concerns over agribusiness production techniques have led to a number of alternatives. The rise of organic farming is in many cases in direct response to concerns over the mass-production strategies pursued by large farming corporations, especially the use of large amounts of fertilizers, pesticides, and herbicides. Organically produced vegetables and fruits have become a multibillion-dollar industry, and legislation governing what may be labeled “organically grown” has been passed in many states.

The condition of livestock in CAFOs has prompted responses from animal rights activists, who argue that such confinement and the techniques employed in the production of animal commodities is inhumane and unnecessary. The use of gestation crates in pork production, for example, is viewed as cruel by activists; this technique has been outlawed in some countries and U.S. states. Because of the controversy, some companies have pledged to eliminate the practice in the near future.

Likewise, mass production of eggs and chickens by using large-scale chicken houses has been answered by the free-range movement, which advocates allowing animals to roam freely outside, rather than being confined. Free-range poultry accounts for up to 25 percent of the total produced in some countries, but there are disadvantages to this method as well. Free-range poultry units must be much larger in area in order to allow the animals to roam and forage, and they are economically less efficient than methods based on confinement.

With global demand for food steadily rising, some observers question whether alternative approaches in production related to large agribusiness methods can adequately and cost-effectively satisfy the world’s need for food.

Reuel R. Hanks
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Air Pollution




The term air pollution refers to the presence of substances in the air at a level that can harm the health and survival of humans, other animals, and plants.

FORMATION

Nearly all air pollutants are formed through the combustion of fossil fuels, coal, oil, and natural gas. When any one of these fuels burns, the primary products of combustion are carbon dioxide and water, neither of which is normally considered to be a pollutant. Two important by-products of combustion are carbon monoxide and particulate matter (PM), both of which are formed as a result of the incomplete combustion of coal, oil, or natural gas. (Particulate matter consists of very small pieces of unburned carbon.) The amount of carbon monoxide and particulate matter produced during combustion, therefore, is a function of the efficiency of the furnace, engine, or other device in which it is burned.

Other air pollutants are formed because of the presence of impurities in fossil fuels. Although the primary components of coal, oil, and natural gas are pure carbon and hydrocarbons (compounds made of carbon and hydrogen only), these fuels also contain compounds of sulfur and nitrogen and, to a much lesser extent, a number of other organic and inorganic compounds as well as a variety of elements, such as lead, arsenic, mercury, beryllium, and cadmium. When a fuel is burned, compounds of nitrogen and sulfur are converted to their oxides (sulfur dioxide, sulfur trioxide, nitrous oxide, nitric oxide, etc.), and the metals are released to the air as particulate matter.

Oxides of nitrogen (primarily) and sulfur undergo changes once released into the atmosphere. There, they combine with moisture in the air to form acids—nitric and sulfuric acid, respectively. When precipitation occurs, it carries these acids to Earth’s surface in a form known as “acid rain,” which can have devastating effects on trees and other forms of plant life as well as on natural and human-made stony materials and objects. Aggressive government programs to reduce acid rain since the last several decades of the 20th century have been remarkably successful, largely in the northeastern United States and eastern Canada.

Ozone differs from other forms of air pollution because it does not come directly from a combustion process but rather is formed by other reactions in the atmosphere. When oxides of nitrogen react with volatile organic compounds, they produce ozone—generally called ground-level or “bad” ozone to distinguish it from “good” ozone that occurs naturally in Earth’s stratosphere.

ADDRESSING AIR POLLUTION

A variety of technologies are available to control and reduce air pollution. For example, a variety of cleansing mechanisms can be installed into the smokestacks of energy-generating plants and other industrial facilities. These mechanisms collect materials, such as oxides of sulfur and nitrogen, that would otherwise be released to the atmosphere. One example is a “scrubber” that contains basic chemicals that react with these acidic materials to form harmless neutral compounds that can then be removed from the smokestacks.

One of the primary means for controlling the formation of ozone has been the installation of catalytic converters on motor vehicles. These devices contain materials that react with substances in a vehicle’s exhaust gas, converting them into harmless products that can safely be released to the surrounding atmosphere.

In the United States, the primary piece of federal legislation adopted for dealing with air pollution has been the Clean Air of Act of 1970 and its many amendments, especially those of 1977 and 1990. These pieces of legislation have laid out the nation’s goals for reducing air pollution, established the numerical limits for each of the six criteria pollutants, and provided a variety of mechanisms by which those objectives can be met. The success of the act has been reflected in the dramatic drop in air pollutants noted above.

In the 21st century, the federal government has extended its efforts to reduce air pollution by attacking substances not affected by earlier legislation, such as toxic metal pollution (arsenic, mercury, and cadmium, for example), and by deciding to treat carbon dioxide as a “pollutant” because of its effects on global climate and concurrent effects on human health. These efforts to extend the Clean Air Act into new areas of concern have not been met with universal approval by all Americans, at least in part because of the economic costs of such efforts and concerns over the degree of administrative involvement by the federal government.

Individual states have also developed their own programs for dealing with air pollution, supplementing and often exceeding federal programs in the area. For example, the state of California has long had aggressive pollutant control programs for industrial gases and vehicle emissions that have substantially exceeded restrictions enacted by the federal government.

David E. Newton
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Anthropogenic Global Warming




The global climate is a complex system of interacting parts. The energy balance, carbon cycle, and greenhouse effect help maintain the climate as we know it. Human activities, however, have begun to affect these mechanisms and change the climate. The role human activity plays in climate change is known as anthropogenic global warming.

FOSSIL FUELS AND THE CLIMATE SYSTEM

Fossil fuels such as coal, oil, and natural gas form when living organisms die and their remains are heated and compressed over extremely long periods of time. The oil and natural gas we use today were formed when aquatic plants and zooplankton accumulated on the sea floor hundreds of millions of years ago. In the absence of oxygen, which would have caused it to decay, the accumulated organic material gradually became buried under layers of sediment and, eventually, broke down into compounds of hydrogen and carbon called hydrocarbons. Coal, also a hydrocarbon, is formed by a similar process that occurs when terrestrial plants and animals decompose in swampy areas.

Fossil fuels produce significant amounts of energy when burned, making them important and valuable. However, burning fossil fuels also produces carbon dioxide (CO2), introducing carbon that would otherwise remain trapped in the geosphere into the carbon cycle. Carbon released from the burning of fossil fuels and other human activities now adds an estimated 9.9 gigatons of carbon to the atmosphere annually (Global Carbon Project 2018). Because the carbon cycle is not able to absorb all of the excess carbon, atmospheric concentrations of CO2 have gone from 280 parts per million (ppm) in preindustrial times to nearly 400 ppm today. Carbon dioxide levels in the atmosphere are at their highest in at least 650,000 years (IPCC WG I 2007).

Over the last 200 years, these emissions have come primarily from countries with advanced industrialized economies, sometimes called developed countries. Since the late 18th century, the United States, Europe, Japan, and Australia have relied on fossil fuels for energy. Developing countries, meanwhile, emitted relatively small amounts of greenhouse gases during this period, as their level of fossil fuel–based activity was not on the scale of that in the industrialized countries.

In recent years, however, developing countries have begun to increase their fossil fuel use. Many developing countries, while still very poor, are experiencing rapid economic growth and industrialization, following the pattern set in the 19th and 20th centuries by the United States, Europe, and Japan. As this process unfolds, most developing countries are understandably focused on raising living standards for their large populations and encouraging overall economic growth. Their rapid economic growth, combined with very large populations, has produced dramatic increases in greenhouse gas emissions. China has overtaken the United States as the world’s largest emitter. India and Brazil are moving quickly up the global list.

Per-capita greenhouse gas emissions in these countries are still much lower than those in developed countries, but their national emissions now have global importance. CO2 emitted today will contribute to climate change for nearly a century before it eventually cycles out of the atmosphere. This delay means that climate change will continue even if we were to stop CO2 emissions today. It also means that the emissions of developing countries, cumulatively still far lower than the historical emissions of developed countries, have the potential to greatly exacerbate the problem in the future. For this reason, many experts believe long-term emissions-reduction policies are necessary in both developed and developing countries.

DEFORESTATION AND LAND-USE CHANGE

Changes to the Earth’s surface also contribute to climate change. Experts estimate that deforestation accounts for roughly 20 percent of global CO2 emissions annually (IPCC WG I 2007). These emissions occur when the burning or decomposition of trees releases previously trapped carbon. Moreover, because forests soak up roughly 2.4 gigatons of carbon each year as part of the carbon cycle, their destruction leaves fewer trees available to absorb carbon from the atmosphere, reducing an important carbon “sink” (in the context of climate change, “sink” is the term given to any process, activity, or mechanism that removes greenhouse gases from the atmosphere) (UNFCCC 2007b).

Globally, the deforestation rate was roughly 39 million acres in 2017 alone (Leahy 2018). The World Bank estimates that almost half of the world’s forest cover has disappeared in the last 200 years (World Bank 2007a). Forests are harvested for their wood or simply cut and burned to make way for agriculture and livestock. Although the economic and political factors contributing to deforestation are complex, in general, harvested wood and saleable crops offer more immediate economic returns to developing countries than intact forests, although these returns may not be sustainable (Lindsey 2007).

Agriculture, which often replaces forests, also contributes to climate change, accounting for 10–12 percent of annual anthropogenic greenhouse gas emissions. About half of these emissions are methane (CH4), produced primarily as a by-product of the digestion process of corn-fed cattle, rice cultivation, and management of livestock waste. Methane is 25 times more potent a greenhouse gas than CO2. The other half of agricultural emissions comes from a variety of sources including nitrous oxide (N2O) released from soils during cultivation and from the use of nitrogen fertilizers, CO2 from farm machinery, and carbon released as overfarmed soils become depleted of organic matter (IPCC WG III 2007). Though a variety of techniques exist that can reduce the amount of greenhouse gases produced by agriculture, many are more expensive than conventional practices and are thus not widely employed.

THE INDUSTRIAL REVOLUTION AND POPULATION GROWTH

Land-use change and energy consumption are the two most important drivers of anthropogenic climate change. But although humans have engaged in these activities for thousands of years, anthropogenic climate change is a relatively new phenomenon. The scale on which humankind can affect the natural system has increased dramatically as a result of the rapid technological and social developments that occurred in the 18th and 19th centuries during the Industrial Revolution. It also contributed to a dramatic rise in population.

This historic period was characterized by the shift from manual to mechanical labor and the consequential reorganization of society. Because many of the era’s most important technological and economic developments used coal—including the steam engine, steam locomotives, steam ships, steel and iron mills, heating systems for large factories, and coal-generated electricity plants—the Industrial Revolution also ushered in an era of heavy dependence on inexpensive fossil fuels.

In 1800, after the beginning of the Industrial Revolution, about a billion people lived on Earth. Today, world population stands at more than 6.5 billion, and midrange scenarios predict an increase to more than 9 billion by 2050 (UNDESA 2006). By providing a relatively inexpensive input to economic growth, fossil fuels helped make this population boom possible. The growing population, in turn, spurred more demand for energy, agriculture, and deforested land. In this way, a population between 1 and 6.5 billion caused the climate problem. As population grows, the world will likely need enough energy and arable land to meet the needs and aspirations of 9 billion people. Whether we can do this without overwhelming the climate system remains unclear.

David L. Downie, Kate Brash, and Catherine Vaughan
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Aquaculture




Aquaculture refers to the breeding, raising, and harvesting of aquatic animals and plants in controlled environments, a definition that can be expanded to include shellfish such as shrimp, mussels, and oysters as well as marine plants like seaweed. It is not a subfield of fishing; it is best compared to raising livestock or farming. Aquaculture and the raising of livestock depend on producing edible animals for commercial importance, or public recreational use. However, fish, shrimp, lobster, and other freshwater or saltwater organisms are not domesticated—this contrasts sharply with the domestication perhaps 10,000 years ago of sheep, cattle, pigs, and other livestock, which makes it easier to raise traditional livestock than wild aquatic animals that have yet to be domesticated. Other purposes of aquaculture include habitat restoration, food production, the rebuilding of endangered species, production of baitfish, wild stock enhancement, and fish culture for aquariums and zoos. Aquaculture can be carried out in any controlled aquatic environment, such as ponds, rivers, oceans, lakes, and man-made systems on land like fish tanks.

HISTORY

Aquaculture arose in East and Southeast Asia about 4,000 years ago. A growing population necessitated this development. The initial efforts focused on raising freshwater fish, the most important of which was carp. The Chinese were such avid aquaculturists that they began producing treatises on the raising of fish in the fifth century BCE. These works were similar to the prevailing agricultural treatises that were so important in East Asia and later in the Roman Empire. That is, they provided advice on how to raise fish with the least effort and greatest profit. Often the authors claimed to share firsthand experience from their own knowledge of raising fish. These were early types of how-to manuals.

The carp reached its apex of popularity between about 500 BCE and 500 CE. The rise of the Tang dynasty in China in the early seventh century declared that the carp was a sacred animal and should not be farmed. Aquaculturists responded by raising other species of fish—a wise move, not merely because it skirted imperial opposition but also because raising a diversity of fish could satisfy a larger market. From these origins, aquaculture spread over the centuries to Africa, Europe, other parts of Asia, Oceania, and the Americas.
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Aquaculture enclosures in southern Greece. In this type of aquafarming, fish are raised in artificial enclosures in coastal waters. Here the fish are protected from predators and fed by the operators. Issues with this kind of farming include the potential introduction of invasive species into the ecosystem. (Stefanos Kyriazis/Dreamstime.com)

MODERN AQUACULTURE

Today, aquaculture is used to produce food, restore wild fish populations, and replenish natural habitats. It is practiced in both fresh water and salt water. In the United States, aquaculture produces freshwater species like catfish and trout in ponds or other man-made systems. It also produces saltwater species like clams, shrimp, and salmon in net pens in the ocean or in tanks on land. Half of the seafood produced in the U.S. is farmed in such ways. Aquaculture can be an extremely sustainable way to feed a population when done correctly. It provides a source of protein and a balance of essential fatty acids. However, aquaculture can harm the environment when sustainable practices aren’t followed. For example, if farmed fish escape into river systems or oceans, they can upset the natural ecosystem balance and damage the environment, spread disease, and eliminate other naturally occurring fish populations.
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Atmosphere




Of all the planets surrounding the sun, Earth is the only one that has an atmosphere containing enough oxygen and the right temperatures to support plentiful life. Our atmosphere acts as a blanket, shielding us from the harsh radiative environment of space while vigorously circulating to prevent Earth from becoming impossibly hot or cold in any latitude. Crucially, the circulation also brings with it the moisture of the hydrologic cycle needed to maintain life on continental surfaces.

Usually, we think of “atmosphere” as synonymous with “air,” but that is true only within a very few kilometers of sea level, where air has the energy and moisture characteristics capable of supporting life. In truth, the atmosphere varies considerably with altitude. The atmosphere is usually understood to extend from the surface to about 10,000 km. Most of the atmosphere is near sea level, and this is because of the sharp drop in gravity with altitude above sea level. Along the ascent to the top of Mount Everest, at 8.8 km above sea level, atmospheric pressure drops by a third of the average pressure at sea level; this is a condition that cannot sustain human life. Above these altitudes, the pressures are even lower. Thus, the life-sustaining properties of our atmosphere exist only within a very few kilometers of sea level.

GASES IN THE ATMOSPHERE

Air is not a chemical compound but a mechanical mixture of gases that is kept mixed by solar heating in the lower atmosphere. There are many gases in the atmosphere, but only a few main ones. Nitrogen is the dominant gas of the atmosphere, making up about 78 percent of air without water vapor. Breathable oxygen is next, at almost 21 percent, and is the by-product of photosynthesis in green plants. The third gaseous element is argon, with somewhat over 0.9 percent of the atmospheric volume. After argon come gases such as neon, helium, methane, krypton, hydrogen, and others. They are present in such small amounts that none of them makes up more than a couple of thousandths of a percent of the atmosphere. The atmospheric amounts of these gases have remained quite steady over time, and they will change meaningfully only over time spans of millions of years.

Another set of gases are significantly variable over times that can range from minutes to years. They are water vapor, carbon dioxide, carbon monoxide, ozone (O3), sulfur dioxide, and nitrogen dioxide. Water vapor is, by far, the most variable over time and place, and it can range from nearly 0 percent of air’s volume over the Antarctic continent in winter to almost 4 percent in the first few meters over a tropical ocean. Water vapor can be extremely variable by location.

Air has always been impure and carries with it many small solids and liquids called particulates. These can be salts from the breaking of ocean waves, dust from the deserts, smoke from burning vegetation, and volcanic ash, among other substances. The particulates have tiny masses and can be buoyant in the winds and air currents if they are small enough. Pollutants are human additions to the atmosphere. They include the same particulates and gases provided to the atmosphere by natural means and also many chemical substances not found in nature. Pollutant concentrations tend to be highest in cities where human activities are at a maximum. There are potential interferences with the natural cycles of the atmosphere as human population increases along with the variety of its activities.

Atmospheric carbon dioxide and ozone have already been affected by the presence of humans. Since the middle of the 1880s, carbon dioxide has increased by a third. Carbon dioxide receives much publicity but is now, and is always destined to be, a rather small part of the atmosphere. It is approaching 400 parts per million due to human activities; however, its small relative volume belies its ability to absorb and reradiate thermal infrared energy as part of the greenhouse effect. Ozone is the substance that absorbs most solar ultraviolet radiation before it reaches Earth’s surface. In that sense, it keeps us alive. However, it is decreasing over the south polar latitudes because of the human release of chlorofluorocarbons (CFCs) at other latitudes. These releases have been in the form of CFC-based coolants, spray-can propellants, and fire retardants. Inert near sea level, CFCs react with ozone in the presence of ultraviolet energy to the effect that some of the ozone has broken down. Indeed, a hole in the Antarctic ozone is now a regular feature of our atmosphere.

LAYERS OF ATMOSPHERE

The atmosphere is quite varied with altitude. There are usually four temperature-based layers denoted. The lowest layer is the troposphere. Averaging the first 18 km of the atmosphere, the troposphere is a region that is heated by radiation from Earth’s surface and so declines in temperature with altitude. The average planetary temperature is 15°C near the surface, and this decreases with altitude to −65°C at the sharply defined top of the troposphere (the tropopause). The tropopause acts like a lid so that daily weather—storms, clouds, and appreciable amounts of humidity—are limited to the troposphere.

The stratosphere is the second temperature-defined layer and extends from 18 km to 50 km. This layer has no surface-like weather. The stratosphere contains most of the world’s natural ozone, which nature creates and destroys at these elevations. The absorption of ultraviolet energy by ozone makes some of it break apart while reradiating the energy in thermal infrared wavelengths. This release heats the stratosphere so that the temperature signature of the stratosphere is one of increasing temperature with altitude. At the top of the stratosphere, the temperature is slightly above 0°C.

Above the stratosphere, the atmosphere is not well mixed, and there are altitudes that are rich in oxygen, helium, or other elements. The amounts of the gases are so minuscule that these altitudes are not usually thought of as having air. The mesosphere extends up to 80 km, where the temperature drops to lower than −80°C. This is where the atmosphere is at its coldest.

Interestingly, the next layer above the mesosphere, the thermosphere, is the hottest part of the atmosphere. Solar energy interacting with the scant molecules and ions at these high altitudes causes dramatic heating. Average temperatures are well over 1,000°C and can approach 2,000°C when the sun is active. The huge temperature swings are not felt near the planetary surface, and it is not well understood as to how they relate to weather and climate. It is clear, however, that day-to-day weather changes are not a response to the activity of the sun.
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Earth’s atmosphere contains a number of layers as seen in this illustration. Each layer has different characteristics. For example, the mesosphere is the coldest layer—more than -80 degrees Celsius at its coldest—but the next layer up, the thermosphere, is actually the hottest layer, which approaches 2,000 degrees Celsius at times. (Tuksaporn Rattanamuk/Dreamstime.com)

The ionosphere is a non-temperature-based region of the atmosphere extending from 60 to 400 km. It is noteworthy because of the occurrence of electrically charged molecules and atoms (ions). Ultraviolet and x-ray energy emanating from the sun peel electrons off some of the matter; this is called ionization. Although ionization affects only 1 percent of the gases, they become strong electrical conductors. The ionization thus affects the propagation of radio waves such that the transmissions can be greatly enhanced or blocked.
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Biodiversity




Biodiversity is the variety of life on Earth. It is plants and animals, from the very tiny to the complexity of entire ecosystems. In fact, there are three integrated levels—genetic diversity, species diversity, and ecosystem diversity—that interact to create the complexity of life on Earth.

Genetic diversity refers to variations within a species. Because individuals each have their own genetic makeup, and a species is composed of many individuals, a species may be quite diverse with distinct populations. For example, all dogs belong to a species, but due to genetic diversity, they may be a Saint Bernard or a poodle. To conserve genetic diversity, different populations of a species must be conserved. This helps preserve variations in characteristics of plants and animals on Earth.

Species diversity refers to variations of species within a region. Some habitats, such as a healthy forest, have many; others, such as a polluted river, have few. Another consideration is whether a species is endemic or only existing naturally in one area. For example, in Australia, more than 80 percent of plant and animal species are endemic, meaning they only occur naturally there because species evolved into specific niches due to geographic isolation.

Ecosystem diversity refers to variations in ecosystems in a geographic region. Ecosystems are communities of interacting organisms and their physical environment. Ecosystems range from very large, like the Great Barrier Reef, to quite small, like a pond in a local park. Because ecosystems are complex, self-regulating communities of animals and plants interacting with each other and with their environment, they are vulnerable to outside modification. One change, like the introduction of a pollutant, can upset the whole balance.
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The platypus is endemic, meaning that it is only found in eastern Australia, including Tasmania. The mammal developed unique features adapted to its distinctive environment. The platypus has webbed feet for swimming; electroreceptors to detect electric fields generated by their prey; a sensitive bill that it uses for scooping up food—insects, larvae, shellfish, and worms—from riverbeds; and male platypuses have venomous stingers on their ankles for defensive reasons. (Johncarnemolla/Dreamstime.com)

The best way to conserve biodiversity is to save habitats and ecosystems rather than trying to save a single species. Scientists emphasize that no single species can live in isolation. If one species is endangered, then most likely its entire habitat is probably under threat.

Since only 1.7 million species out of an estimated 3–30 million have been identified by humans, there is a lot of information about biodiversity that remains to be discovered on Earth. It is thought that tropical rainforests have the most diversity of any other place on the planet. Protecting these areas could have significant impact on future generations seeking the benefits of biodiversity.

There are numerous benefits from biodiversity, including those related to health, economics, and sustainability. Many medical discoveries that have helped cure diseases were based on genetic research of plants and animals. Diversity of pollinators, plants, and soils is the basis of the human food supply. Biodiversity makes Earth livable for people: ecosystems work to clean our water, absorb chemicals, and decrease the effects of flooding.

Biodiversity is now threatened like never before in human history. The main threats to biodiversity are human population growth, urban sprawl, pollution, climate change, and overexploitation of species. Human population growth decreases biodiversity as people destroy natural habitats for more crop and grazing lands. Urban sprawl is the process whereby cities extend ever farther into the countryside, replacing natural habitats with roads and concrete. Pollution affects animal, plant, and human health, so environmental disasters can have negative effects on biodiversity. Climate change is changing native habitats and could affect up to half the world’s species by 2050 (EU, 2004). Globally, overexploitation is decreasing biodiversity. In Europe, 80 percent of fish species are facing extinction or collapse due to overfishing (EU, 2004). And in North America, birds have declined 61 percent between 1966 and 2014 due to land-use changes and destruction of habitat (NWF, 2018).
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Biomes




The biome is a concept that allows plants and animals to share an environment and specific characteristics suited to that environment. More specifically, it accounts for the combination of climate-plant-animal relationships over large areas. Biomes are the world’s major life communities classified by the predominant vegetation, often the most commonplace feature on the natural landscape. The biome concept implies that plants and animals have adapted to each biome in ways specific to the biome. Each biome has species that geographers view as emblematic of that biome. For instance, the solitary baobab tree in the midst of the savanna grasses and the grove of scrubby trees near the Mediterranean Sea are emblematic of regional relationships of vegetation, animals, and people. Biomes are divided into aquatic and land-based varieties.

BIOME TRANSITIONS

The zone of transition between two biomes is an ecotone. Horizontally, biomes usually grade into each other. For instance, the Sahel—the semiarid zone south of the Sahara—contains the transition between the desert and the tropical savanna biomes. When pressed to find an exact boundary, it becomes apparent that the edges of biomes blend together, as do the climates that cause them. Contrastingly, in mountainous areas, several sharply defined vertical biomes are often visible.

Humans have heavily influenced the planet. “Natural” parts of biomes are quite rare in Earth’s populated areas. In many regions, deforestation has changed the landscape over to crops. Urbanization is an unrelenting fact of social geography, and much land is paved over and/or revegetated with such human-placed species as lawn grasses.

AQUATIC BIOMES

Aquatic biomes cover most of Earth. Three marine (saltwater) biomes are usually recognized: ocean, coral reefs, and estuaries.

The world’s oceans are deep as well as extensive, so oceans represent the most diverse biome. Plants and animals range from microscopic zoo- and phytoplankton to whales.

The ocean biome is usually divided into four zones: abyssal, benthic, pelagic, and intertidal. The abyssal portion is the part of the ocean that is deeper than 13,000 feet and contains some plant and animal species in the lightless, highly pressurized, cold (−17°F) water. The benthic zone is generally 3,280–13,000 feet in depth and ranges from −13° to −16°F around the world. This is a lightless, highly pressurized zone. Life is a bit more diverse than in the abyssal zone, but the relative lack of plankton limits life. Above the benthic zone is the pelagic zone, sometimes called the open ocean. This is the first 3,280 feet or so in which sunlight penetration directly fuels the food chain anchored by plankton. Lack of nutrients causes many pelagic areas to be unproductive in terms of biomass and biodiversity. The intertidal zone is the area between the lowest and highest tides. Generally, the lower intertidal locations have a greater biodiversity than the higher locations.

Coral reefs occur near shorelines and provide specialized situations where life thrives. They are found worldwide in the shallow, warm waters. The presence of reef structures allows symbiotic relationships between plants and animals fostering significant diversity of life forms.

Estuaries are constricted ocean arms into which freshwater streams progress and are characterized by the mixing of freshwater with saltwater. A large number of plant and animal species can be found, and, typically, biomass and biodiversity are much higher than in the open ocean.

Another class of aquatic biomes is associated with fresh water. The freshwater class includes lakes, ponds, and streams. Combinations of size and flow conditions make for rich biodiversity.

LAND BIOMES

Land biomes roughly correspond to world climate zones. World biome maps are usually limited to a dozen or fewer biomes. Most plant and animal species are not exclusive to single biomes, although they tend to be more or less prevalent in certain biomes. Vegetation is the most noticeable landscape feature of each biome.

There are some land areas virtually uninhabited by life forms. These are the permanent snow and ice areas found at high altitudes and, most expansively, in Antarctica and Greenland.

Tundra is a low-energy biome related to high latitudes and altitudes. The world’s largest extent of the tundra biome fringes the Arctic Ocean. The landscape is dominated by relatively simple plants that can withstand an environment that is frozen much of the year.

Boreal forest (taiga) is found equatorward or at lower elevations than the tundra biome. The forest is coincident with subarctic climates and is only extensive in the northern hemisphere because of the lack of continental surfaces at accordant latitudes in the southern hemisphere. The boreal forest has a considerable cold season, making photosynthesis all but impossible except for during the short, cool summer.

Temperate forest once occurred extensively in the more humid portions of the middle latitudes, but these areas have been heavily altered through deforestation and nonnative species introduction. The temperate forest has a summer season with little moisture or temperature stress and a cold winter season precluding intensive photosynthesis. The forest is dominated by large trees that vary in species. The mix tends to be very biodiverse and encompass a large amount of biomass.

Temperate grasslands are areas dominated by grasses, with relatively few trees relegated to watercourses. They are the vegetative response to cold winters and warm/hot summers with evapotranspiration stress. Geographically, temperate grasslands are widespread between humid areas of forest and arid areas of temperate deserts. Major temperate world grasslands include prairie, veldt, pampas, and steppe.

The Mediterranean biome is dominated by shrubs and grasses with some trees interspersed. This biome is found in selected coastal areas of the middle latitudes. The largest extent of this biome is around the Mediterranean Sea. Unlike the other biomes, the Mediterranean biome receives precipitation (rainfall) during the winter and has persistent drought in the summer, which leads to a pervasive risk of fire. Although the native plants are drought- and fire-tolerant, the fire regime does not meld nicely with human activities. This thermally mild climate has been heavily inhabited for thousands of years and has undergone substantial alterations by humans.

Desert biomes are regions with sparse vegetation and animal life. There are subtropical and temperate deserts, and great aridity can occur over a wide range of latitudes. There is no yearly precipitation amount defining the borders of deserts. Rather, deserts are the results of great moisture stress occurring in climates ranging from hot to cool. Generally, deserts are places where the annual precipitation is less than half of the potential evapotranspiration. Plants are adapted to perennial drought. The nature biomass is low compared to most other biomes.

The tropical savanna is a biome consisting of open grassland with scattered trees. This biome occupies intermediate regions between tropical rainforest and subtropical deserts. Temperatures are always tropically warm. The tropical savanna has a wet season near the time of the high sun and a long dry season the rest of the year. The landscape browns out and is subject to fires during the dry season. Biodiversity and biomass are both greater than in the desert.

Tropical rainforest is a warm, wet biome usually found close to the Equator. Not as hot as the desert, the year-round warm temperatures encourage plentiful plant growth because of unlimited water availability. Precipitation is copious and comes from afternoon thunderstorms caused by local instability. Plant growth is prolific and represents the greatest diversity and yearly biomass additions on the planet. The forest is quite complex, with hundreds of tree species per hectare.
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Boundaries




Boundaries are lines that separate space into defined, discrete units. They may be tangible or imaginary, may be visible upon the landscape or exist quite literally in thin air, and may appear at any scale, from a few inches in length to many thousands of miles. In many instances, boundaries are not actual lines, but they function in two dimensions as a plane, since the division marked by the boundary extends below the surface of the Earth and into the atmosphere above the boundary marker.

Boundaries are set by humans and many other species, and they can be associated with plant life as well. They can be naturally occurring features, or they may be constructed or imposed by individuals or groups. Boundaries are frequently established due to territoriality—the human or animal desire to control a given space. Boundaries are often absolute and rigid, as in the case of an international border, but they may also be gradual and permeable, as are the boundaries dividing the various dialects of a language, for example. A boundary may be created to enclose a location to identify it, or its purpose may be to prevent some exterior force or element from entering a specific space.

The concept of a “boundary” for human society has probably been in place since well before the dawn of civilization. Most people have a subconscious sense of a personal boundary, enclosing a personal space. Unauthorized or unexpected intrusions across this division into one’s personal zone typically lead to feelings of discomfort, anxiety, fear, or aggression, depending on the type of incursion and who is violating the boundary. The precise location of the personal line differs from society to society, and often between genders, but it represents perhaps the most fundamental boundary that guides human relations, even if many are not fully aware that such a “line of defense” surrounds them. Other boundaries are more overt and obvious. Some boundaries may function as buffer zones, which serve to separate two actual or potential adversaries. A demilitarized zone, such as that which exists between North Korea and South Korea, is a good example.

A type of boundary that most people have encountered in some form is a border. These lines of division operate on many scales. Borders are established to legally demarcate jurisdiction over a defined, specific space. Property lines separating lots in a subdivision, and the fences that may correspond to such a line, represent short, legally defined borders drawn by certified surveyors, whose methods, standards, and techniques are accepted by courts of law in many countries. Borders at this scale, which usually are only a few hundred feet in length, can be defined with considerable precision.

Borders at a larger scale, such as international boundaries, frequently exhibit much less precision, and they are often disputed by one or both of the countries they separate. On the other hand, in a few locations, borders between sovereign states remain undefined and unmarked, even in the 21st century. Borders do not simply define zones of control—they also affect the rate of many geographic processes, such as migration and cultural diffusion, as they tend to delay or completely prevent movement across space.

NATURAL, GEOMETRIC, AND ETHNOGRAPHIC BOUNDARIES

The practice of clearly identifying the location of international borders has become commonplace only in the last two to three centuries in many parts of the world. Previously, borders were frequently defined by less-distinct boundaries known as marchlands or frontiers, which provided only a general idea of where the rule of a sovereign or state came into effect. Of course, some borders were marked in ancient times by defensive walls that were virtually impenetrable and reached lengths of many miles. The Great Wall of China and Hadrian’s Wall in the United Kingdom are two of the most famous examples. These are also examples of what political geographers term “relict boundaries,” meaning that although they still appear on the landscape, they no longer function as a boundary. There are more modern relict boundaries as well, including the Berlin Wall and the famous “Iron Curtain” lying between Eastern Europe and Western Europe during the Cold War. The latter was an imaginary boundary, in that there was no real “curtain,” although the border certainly was sealed and operated as a real barrier, keeping millions of people inside. Relict boundaries serve to remind us that the location of boundaries is never permanent, and political borders in particular tend to change or lose their relevance over time.

In addition to relict boundaries, geographers identify political boundaries based on various criteria. A common type of international border is the natural boundary, which is represented by a naturally occurring physical feature. The Danube River in Eastern Europe, for example, serves as the international border between several countries as it flows from Germany toward the Black Sea. The Himalayan Range in southern Asia is another natural feature that serves as a political boundary. This type of boundary is also sometimes called a physiographic boundary.

On the other hand, geometric political boundaries are drawn artificially without consideration of the natural terrain. A geometric border must be surveyed, and in many cases is indicated by a fence, wall, or some other constructed marker. These types of divisions often correspond to lines of latitude or longitude, and are usually created by the mutual consent of the states sharing the boundary. Such borders are quite common in the Western Hemisphere and some parts of Africa.

Borders are also drawn along ethnographic lines of division. These borders separate groups based on distinctions in language or religious affiliation and are the dominant kind of political boundary in much of the world. New countries that have appeared on the map in recent years have formed along ethnographic boundaries: Montenegro, East Timor, and Eritrea are all countries that have become independent since 1993, and they are defined predominantly by ethnographic boundaries.

It is often the case that borders between countries are composed of all three types of these boundaries. The border between the United States and Mexico, for example, contains segments that are both natural and geometric, and the entire length may be said to represent an ethnographic boundary as well.

BOUNDARIES OVER TIME AND SPACE

Political boundaries may also be classified in a system based on when the boundary was established. The eminent political geographer Richard Hartshorne suggested such a system in the early part of the 20th century. In this system, a boundary that appears in a region that is devoid of settlement is known as a pioneer boundary. Such a boundary may become a relict boundary relatively quickly once the region it lies within becomes inhabited, or, conversely, it may prove to be resilient and continue to serve as a functional boundary for a considerable time. An antecedent boundary is one that is set prior to the establishment of the contemporary settlement pattern. Many of the boundaries in modern Africa are of this type, because the colonial powers that pursued a policy of imperialism there in the 19th century drew boundaries between their territories well in advance of any significant occupation.

Boundaries that are formed simultaneously with the process of the development of the human landscape are classified as subsequent boundaries. A subsequent boundary may follow the ethnographic landscape of a region, holding to spatial divisions in the linguistic, religious, or ethnic geography. However, boundaries may also be created in regions that already feature a sophisticated pattern of human occupation. Such a boundary is labeled a superimposed boundary and frequently results from conflict. A contemporary example is the border between North and South Korea, a boundary that divides a people who speak a common language and share a common heritage and who, for centuries, were part of the same political space. Many current political boundaries in Africa fall into this category as well.

Boundaries are drawn not only on solid land but also in the air and on the high seas. All modern sovereign states claim airspace over their territory, and unauthorized violation of this space by another country is considered the equivalent of a border incursion—and technically an act of war. By international agreement, countries may claim jurisdiction over the airspace contained by their borders, or out to a distance of 12 miles along a coastline.

There is no internationally recognized standard for altitudinal limits to airspace. Some countries theoretically claim control over the airspace above their territory to outer space, although such a claim is effectively impossible to enforce. According to the Law of the Sea, sovereign states that possess coastlines on an ocean or sea may claim a territorial sea to a distance of 12 miles, over which the state may claim legal control. Some countries attempt to claim a much larger area, in some cases out to a distance of 200 miles, but such boundaries are not generally observed by other seafaring powers. Boundaries that govern the right to control and recover natural resources extend beyond the territorial sea, allowing coastal states to claim an exclusive economic zone to a distance of 200 miles from the outer margin of the territorial sea boundary.
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Brexit




The term “Brexit” combines the words “Britain” and “exit” and refers to the idea of the United Kingdom (U.K.) leaving the European Union (EU). The U.K. joined the union in 1973, and support for its membership within the U.K. has had its ups and downs. By 2015, however, following a global recession, discontent with the U.K.’s membership in the EU had peaked. During the parliamentary election campaign that year, Prime Minister David Cameron promised to hold a referendum on the country’s future membership in the union by 2017.

After four months of heavy campaigning on both sides of the issue, the referendum was held on June 23, 2016. Fifty-two percent of voters in the United Kingdom voted to leave the European Union. The majority of “leave” votes came from those residing in England (aside from London) and Wales, while “remain” votes came from Scotland, Northern Ireland, and London.

Defining issues of the campaign included the economy, immigration, and national identity. Supporters of Brexit pointed out that the U.K. has consistently contributed more money to the EU budget than it has received from the EU. Those campaigning against Brexit, however, were concerned that the economy would suffer when British businesses could no longer take advantage of the EU partnerships. Those wanting to leave the EU also cited concerns over the rising numbers of immigrants from poorer EU countries coming to the U.K. and how those numbers were affecting national and cultural identity.

IMMEDIATE IMPACT

The British pound fell in value as the “leave” votes were tallied, hitting lows not seen since 1985. European stocks also plummeted. Cameron, a supporter of remaining in the union, announced he would step down as prime minister by October 2016 but actually resigned earlier, in July. Theresa May replaced him. Although she, too, supported the UK’s participation in the EU, she promised to follow through with voters’ wishes.

Nine months after the Brexit vote, in March 2017, May invoked Article 50 of the Lisbon Treaty (one of the treaties of the European Union) that set the withdrawal process in motion. In April, May called for early parliamentary elections with the hope of gaining more support for Brexit negotiations in the British Parliament. Her party only held a small majority in parliament, which gave other parties power to slow the negotiations process. The elections, held in June, didn’t bring May’s desired outcome. Her party, the Conservative Party, lost seats but still won the election. This placed May, still prime minister, in an even more tenuous position with Parliament.

NEGOTIATING BREXIT

After the invocation of Article 50, the U.K. had two years to negotiate its final “Brexit.” Two years may have seemed like plenty of time, but the U.K. parliament faced enormous pressure: if negotiations were incomplete by the March 2019 deadline, the U.K.’s exit would become automatic, and all agreements between the EU and the U.K. would cease to exist. Confronted with this deadline and the harsh consequences of missing it, the U.K. also had to deal with a host of complex issues without clear solutions. In late 2018, negotiations between the U.K. and the EU stalled over the issue of the border between British Northern Ireland and the independent Republic of Ireland, which planned to remain in the EU. The U.K. wanted to avoid a hard border between the two regions. Virtually no border had existed since the 1998 Good Friday Agreement. Indeed, the regions had grown so interconnected that many people lived on one side of the border but worked on the other. Bringing back a hard border would reintroduce customs and other checkpoints that had disappeared after the Good Friday Agreement. The EU, however, wanted some kind of customs checks on goods entering the Republic of Ireland to prevent the smuggling of these goods into other EU countries from the Republic of Ireland.

The Brexit draft agreement outlined a temporary customs arrangement in order for the border to remain fluid. In addition, the agreement called for a two-year transitional period, which would lay the groundwork for a trade pact at the end of the transition. The agreement required a vote of support in the British Parliament. Two votes were taken between January and March, but the plan failed to gain enough support to move forward. After a brief deadline extension granted by the EU, Parliament rejected the plan for a third and final time. In April, the U.K. was forced to request another extension, which the EU granted, allowing Britain another six months to agree to a deal.

The U.K. is now tasked with finding another way to manage its withdrawal from the EU. Because it was the first country to attempt a withdrawal from the European Union, the process of leaving the EU was untested and extremely complex. The union allows people and goods to move freely about member countries, as if the member countries were one. The U.K.’s exit brought up many questions about how to separate such an interconnected society: To what extent would British citizens be able to move about EU countries after Brexit? How would the trade relationship between the UK and the EU be affected? Would EU citizens working and living in the U.K. have to return to their home countries, and would U.K. citizens living and working in other EU countries have to return to the U.K.? The task of leaving the EU proved more difficult that most British voters and members of government ever imagined.
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Carrying Capacity




Carrying capacity is the maximum size of a population of a species that can be sustained given the long-run availability of resources necessary to sustain that population. The concept of a carrying capacity is critical to the ongoing debate among demographers about Thomas Malthus’s view that population is constrained by resource availability.

The concept of carrying capacity was developed originally by biologists studying animal populations over time. In examining data on species abundance, these biologists noted that populations of various species would continue to increase until reaching a point at which they would begin to decline. The carrying capacity was defined as the number of animals of that species above and beyond which the population could no longer sustain itself. This number was associated with one or more limiting or regulating factors, such as the availability of food or water. If too little food was available, some of the animals would starve to death, and the population would once again drop to below carrying capacity, with the process repeating itself eventually. Biologists and ecologists have undertaken numerous studies of carrying capacity in various species of animals.

Carrying capacity has been adapted to the study of human populations. One of the first demographers to apply the concept, although the term was not in use at that time, was Thomas Malthus. Malthus believed that the earth’s population was constrained by available food and other resources. Eventually, it would reach a point at which sufficient food was no longer available, and the population would crash. In that way, Malthus conceptualized the world’s carrying capacity as fixed. However, today it is recognized generally that carrying capacity can be increased via technology, innovation, and the development of new resources. Today, the earth supports far more people than was the case in Malthus’s day, and the average standard of living has increased greatly. Those recognizing food as a limiting factor on the human population point to the fact that the rate of food production increase has been greater than the rate of global population increase over the past several decades. The rate of food production increase has been accelerated by the Green Revolution. However, some have predicted that populations will increase at rates faster than the rate of increase in food production. In that case, a carrying capacity will be reached eventually, although in numerical terms, this increased carrying capacity would far exceed what would have been predicted in Malthus’s day.

The concept of carrying capacity underlies the tragedy of the commons. The tragedy of the commons model postulates that individual self-interest is associated with outcomes that are detrimental to the group as a whole. For example, the original formulation of the model suggests that as farmers add more and more cattle to a commonly held pasture, the pasture becomes overgrazed, and the cattle starve. In effect, the pasture has exceeded its carrying capacity. However, one could argue that carrying capacity could be increased—for example, by developing grass seed that would produce more grass per acre. Thus, each cow would need less land upon which to survive, thereby allowing a larger number of cattle to survive on the pasture.

Although it is recognized that human activities have increased the earth’s carrying capacity for its human populations, it is also recognized that the earth’s resources are finite. Demographers have attempted to estimate the long-run carrying capacity of the earth. In effect, they are attempting to determine the number of people who can be sustained given the earth’s finite resources. Some have argued that the world’s population has already exceeded its carrying capacity and, therefore, that the world’s population is likely to collapse in the foreseeable future. For example, Paul Ehrlich has argued that the world has already exceeded its carrying capacity and that the earth’s maximum sustainable population may be less than 2 billion. Others have argued that the earth can sustain a much larger population, 10 billion or more.
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Cartograms




Cartograms are geographic maps in which the sizes of the units—such as states or countries—are adjusted to reflect their relative proportions of the attribute being presented. A cartogram of poverty rates, for example, would show countries with high poverty rates to be larger than countries with low poverty rates, regardless of actual geographic sizes. Nigeria has a poverty rate of about 70 percent, according to the CIA’s World Factbook. Thus, it would be shown as much larger than Canada, which has a poverty rate of about 9 percent. The geographic areas of these nations are 924,000 square kilometers for Nigeria and 9.98 million square kilometers for Canada.

Cartograms offer an effective, graphical way of presenting data on a wide range of topics. The observer can quickly gain an understanding of complex information by looking at cartograms. They are often used in both academic and popular publications to present “big-picture” summaries of data. Data on social, demographic variables, such as population size, age, and education level, may be shown in cartograms. Health variables may include mortality or morbidity rates and disease prevalence. Economic statistics might include unemployment and poverty rates, income, and value of gross domestic product. Political statistics might include election results, and environmental variables might include pollution severity and ecosystem types.

DISTORTED SIZES AND SHAPES

Although a cartogram distorts the sizes of geographic units, makers of cartograms seek to preserve the relative geographic positions of the units. A contiguous cartogram of the populations of U.S. states—in which all the states are shown connected with one another—would show greatly distorted sizes and shapes of the states. For example, Massachusetts has a population of 6.9 million and an area of 27,336 square kilometers, according to the U.S. Census Bureau. Thus, it would be much larger than nearby Maine, with a population of 1.3 million and an area of 91,633 square kilometers. The shapes of the states have to be distorted to accommodate their altered sizes. Nevertheless, the cartogram would still show Massachusetts and Maine as being close to each other.

[image: image]

This cartogram shows each state drawn in proportion to the number of people who live there, rather than the size of its land area as it would appear on a traditional map. Montana, due to its small population, is shown much smaller than it appears on a standard map. The small state of Connecticut looks much larger. Texas, which has both a large land area and a large population, is shown more or less the same size as it would be on a standard map. (U.S. Census Bureau)

The units in some cartograms may appear to be so distorted compared with traditional maps that the regions could be unrecognizable to the observer. A cartogram of population sizes of countries of the world bears little resemblance to the conventional global map. It is dominated by the heavily populated nations of India and China, which take up most of the space on the right (or east). The geographically enormous country of Russia, by contrast, appears to be small, squeezed between China and Europe. Canada, which also covers a vast area but is sparsely populated, is almost invisible on the population cartogram.

CONTIGUOUS VERSUS NONCONTIGUOUS AND DORLING CARTOGRAMS

Distortion is a problem mainly with the previously mentioned contiguous cartograms, in which all the units remain connected to one another. To avoid this problem, cartographers may choose to present data as noncontiguous cartograms, with the individual units separated from one another with blank spaces. A noncontiguous cartogram of the United States would show each state in its basic relative position but without touching or overlapping any other state. All state shapes would be separated with spaces. In this way, each state could be shown in its normal, recognizable shape, but in the altered size to reflect the data.

Another option for avoiding the problem of distorted shapes is to use Dorling cartograms. These types of cartograms use abstract shapes, such as circles or squares, to represent the units in maps, rather than the distorted shapes of the states, countries, or other units being depicted. The colors and sizes of the shapes are varied, depending on the data. Each color may represent a certain range in the data. Dorling cartograms offer a convenient way to notice patterns in data.

The earliest recorded use of cartograms was in 1870, in an economic geography textbook published in France. From that time until the development of cartographic computer software, cartograms were produced manually, such as by making calculations and drawing the results on grid paper. Since the late 20th century, cartograms have usually been produced more easily and accurately with algorithm-based computer software. Some software can produce interactive three-dimensional cartograms depicting multiple variables, each of which can be added or subtracted by the user.
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Cartography




Cartography is the art, skill, and science of making maps. Human beings have been creating pictorial representations of spatial information for thousands of years. The earliest maps were probably crude temporary drawings made on the ground in dust or mud, designed to show simple landmarks guiding a journey, the position of a herd of animals and the points of attack a group of hunters might pursue, or other simple data and features. Over time, the necessity of illustrating more sophisticated and detailed spatial information became common, especially with the rise of cities, which eventually became so large that even many of the permanent residents were not familiar with some parts of the urban setting. The Babylonians, for example, made maps of their cities and may have produced the first map of the world: the Imago Mundi, a geographical depiction of the Tigris-Euphrates river valley and its environs.

The ancient Greeks were the first to develop scientific techniques for making accurate maps. Two Greek scholars were of particular importance in the history of cartography: Eratosthenes and Ptolemy. Although they lived approximately three centuries apart, both men played a vital role in advancing cartographic techniques that would pave the way for much more accurate and detailed maps. Eratosthenes, using the principles of geometry, derived a highly accurate measurement of the earth’s size almost two centuries before the Common Era and more than a millennium before the planet was circumnavigated. He is also credited with constructing the first grid system for cartographic representation, a major achievement that established a means for accurately determining both distance and direction from a map. Ptolemy modified the grid system of Eratosthenes and offered his own calculation of the earth’s circumference, although ironically, his estimation was much less accurate than that of his predecessor. His coordinate system, however, provided the basis for the modern application of latitude and longitude, the Universal Transverse Mercator (UTM) system, and other grid patterns used today.

Religion often motivated early European mapmakers and others, who sought not only to spatially locate known points but also to identify the location of places from scripture. Furthermore, locations of great religious significance figured prominently on maps and were often represented at the center of the illustration, with all other points clustered around them. The classic example of such a map is the “T and O” map drawn by European cartographers of the Middle Ages. These maps represented the world as it was known to the Europeans, with the Mediterranean Sea forming the “T” portion of the map, which divided the depicted land masses of Europe, Africa, and Asia. Jerusalem or Rome was generally located at the center of the maps, which, unlike modern maps, were not oriented with north at the top of the map, but rather east. The Garden of Eden was also frequently included on T and O maps, usually placed somewhere on the Asian continent. This cartography was not very useful for navigation or other practical purposes, but it illustrates the continued desire of humanity to visually represent the world.

By the late Middle Ages, exploration—an activity humans pursued instinctively—demanded a visual guide whenever possible. The advent of oceangoing travel and trade required an accurate record of landmarks and hazards for mariners, who needed to retrace the journeys they had survived either for conquest or maintaining trade links. Such early ship logs were simply written commentaries, but these were eventually replaced by charts that contained both written and visual details. Called portolan maps, from the Italian word portolano (port chart), these maps represented a major step forward for cartography. Such maps frequently featured a crude grid, based on “rhumb lines” that provided some basis for calculating distance. While not particularly useful for navigating large distances across open water, portolan maps could be utilized in smaller bodies of water, especially the Mediterranean Sea, where they were frequently employed by merchants and traders. Cartographers of a few centuries later, such as Gerardus Mercator, would use the portolan charts and much of Ptolemy’s work as starting points for much more detailed and useful nautical maps, opening the way for modern cartographic techniques. The projection of the surface of the Earth that Mercator developed in the 1500s remains widely used today in nautical and aeronautical navigation and is known as the Mercator projection.

The advent of the printing press, the development of new techniques for gathering spatial data, and the “discovery” of the New World at the end of the 15th century heralded a flowering of cartography. As new lands were discovered, conquered, and settled, the need for maps increased dramatically. Cartographers became not only recorders of spatial data but also agents of political and social change. Maps were vital instruments for determining boundaries between new colonies and countries, in displaying and tracking demographic and economic expansion, and even in promoting national and cultural identity. On occasion, maps became tools of political propaganda, sometimes employed to illustrate an alleged threat or to promote a territorial claim. At the same time, advances in surveying meant that every piece of property was legally defined via a survey map, so accurate cartography became a crucial element of property ownership. At the beginning of the 20th century, the invention of the airplane led to the new discipline of remote sensing, adding yet another tool to assist the cartographer in making increasingly detailed maps. Maps could be both verified and composed using aerial photography, and the launching of data-gathering satellites after 1960 only enlarged the universe of spatial information that cartography could express.

MODERN CARTOGRAPHY

The modern cartographer has at his or her disposal many tools and techniques that were unavailable to the pioneers of the field. But today’s cartographer also has new challenges—the vast array of cartographic data produced on a daily basis means that cartographic design is a major consideration in making maps, and decisions about what information to leave off a map are as vital to the map’s success as determining what details to include.

Many different considerations must go into designing a modern map. It is essential to base designs on the potential uses of the map. This will often determine the map projection that the cartographer employs. This is important because no map is a perfect representation of reality; all maps contain some elements of distortion. This is the case because a map, a two-dimensional surface, cannot fully represent the three-dimensional space of the world without introducing some degree of error. Not only must the cartographer select an appropriate projection for the spatial information to be conveyed, but the proper scale must also be chosen. Some of these decisions will be obvious, depending on the purpose of the proposed map. For example, a Mercator projection shows true direction; thus, it is ideal for use when making navigational charts and maps. However, the Mercator projection distorts areas as distance increases from the equator, meaning that if the intent of the map is to show real relationships in true proportion, the Mercator projection is a poor choice and will convey information that is inaccurate.

Cartographers typically must generalize the spatial data they intend to present on a map. Exactly how this process is achieved depends on the type of information the map should illustrate, the scale at which the information will be displayed, and the data that is most relevant to the purpose of the map. Those designing maps follow four steps when preparing data for presentation on a map. The first step is simplification of the data. In previous centuries, when accurate cartographic data was scarce, this process was unnecessary, but with modern information-gathering techniques, simplification is usually required to avoid cluttering the map with irrelevant detail. Secondly, the cartographer must classify the data, especially if a thematic map is the goal. The type of classification system employed must be chosen with care, as the type and number of classes may affect the appearance, and thus the interpretation, of the information on the map.
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A cartographer studies an old paper map near Paris in 2014. Throughout history, cartographers hand-drew charts and maps, but today, they create maps using computers, global positioning systems (GPS), and geographic information systems (GIS). (Franck Fife/AFP/Getty Images)

The classification scheme employed is generally shown using a map legend, a separate component of the map that illustrates the next phase of design: symbolization. The various classes of data shown on the map must be represented in some way. This may be accomplished using different colors, patterns, or, depending on the nature of the classification system and the data, lines or areas. Finally, the process of induction may be used to fill in gaps on the map where data is lacking. This must be done carefully, as the cartographer is using known data points to insert new data points, a process that may lead to inaccuracies if not performed with deliberation and caution.

Technology has become enormously important to cartography. Cartographers in the 21st century produce maps using computers, which greatly enhance both the appearance and functionality of modern maps. Data-gathering techniques have also become increasingly sophisticated, complex, and accurate. For example, a global positioning system (GPS) can be employed to gather incredibly detailed and positionally accurate information—some GPS receivers can record locations of features to within centimeters of their actual location on the planet’s surface (or above the surface, in some instances). Such detailed data, gathered so readily, has never before been available to cartographers, and it makes the process of map design and presentation even more crucial.

Computer cartography also allows much greater flexibility in the production of maps, in that a map’s classification scheme, symbols, or even scale and projection may be changed with the simple click of a button. Previously, once a map was produced, it represented a static presentation of reality because the characteristics of the map were fixed and could only be altered by making and printing a completely new map.

Many maps available today are not even produced and disseminated using paper but rather appear as cybermaps, which are stored in a cyberatlas, available only on the Internet. Moreover, the appearance of geographic information systems (GIS) has revolutionized cartography. A GIS is a database, often containing many different types of spatial information, which may be displayed, analyzed, and published in any combination. A large GIS may be capable of producing thousands of different maps based on various data, or of displaying the same data set in many different ways by changing the scale, projection, symbology, or other cartographic characteristics. The increasing application of GIS technology has led to a parallel expansion and use of cartographic analysis. Maps have become essential tools in such diverse fields as natural resource management, retail marketing, and medicine. Indeed, one may readily find maps of groundwater supplies, locations of retail outlets, and maps of the human body, all with a quick Internet search.

Simple mapmaking is also becoming easier and does not require years of training or thousands of dollars worth of sophisticated equipment or complicated data sets. Simple GPS receivers today allow the user to make maps of a favorite park, fishing spot, or the route to a favored restaurant. Thus, everyone can make use of cartography, from an unsophisticated personal level to one involving intense scientific analysis. The journey from drawing simple, crude diagrams on the ground to creating maps using satellites feeding data to a GPS receiver may appear to be a long one, but the principle behind the two processes is the same, as is the motivation. Cartography is the reflection of the world’s spatial complexity and how humans represent it.
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Central Business District (CBD)




The central business district (CBD) is a commercial, cultural, and civic center within a larger urban area. It may also be referred to as the downtown area and the city center. A modern CBD has relatively large proportions of workers (mostly office workers) and visitors (at entertainment and tourist sites), and a relatively small proportion of residents. The CBD is typically surrounded by residential parts of the city and, beyond that, suburbs. Since the mid-20th century, much commercial activity has spread beyond CBDs to encompass wider metropolitan and suburban regions. In wealthy, developed nations, such as the United States, CBDs have long been known for their skyscrapers, crowded sidewalks, and traffic jams. The 21st century, however, has seen a trend of restricting private automobile use in CBDs.

DEVELOPMENT AND DECLINE

For many cities in North America, CBDs are located at sites that had important transportation terminals in early European or European-American settlements. Such terminals might have been a port along a river, lake, or seafront, or a position next to a railroad line. The transportation convenience encouraged commerce.

As the populations of these sites grew, multiple businesses and additional transportation systems, such as public buses and subways, arose. The CBDs developed with the highest real estate values in their regions, and they became major locations of employment. Manufacturing and industrial jobs in CBDs largely gave way to office and retail jobs as the 20th century progressed. City centers also came to serve as major entertainment destinations for residents and people from adjacent areas.

During the 1900s, the CBDs of New York City, Chicago, and other large U.S. cities became famous for their skyscrapers, such as the Empire State Building, World Trade Center, and Sears Tower. By the mid-to-late 1900s, as the populations of U.S. suburbs expanded, a number of businesses, along with their capital and jobs, left the CBDs for the suburbs. Initially, suburbs attracted mostly white people with middle-class incomes. Massive suburban shopping malls became popular places for people with disposable income.

Consequently, populations in the vicinity of U.S. CBDs became increasingly dominated by poorer, minority groups, such as African Americans and Hispanics. Urban poverty spawned criminal activity, including that of violent street gangs. As businesses and wealth continued to abandon city centers, some CBDs, such as those of New York and Detroit, fell into disrepair. They became characterized by neglected infrastructure, vacant buildings, slums, and littered streets peopled by the homeless.

REDEVELOPMENT

Leaders of certain cities began addressing these problems in the late 20th century. Officials established urban enterprise zones (areas in which businesses receive tax incentives and subsidies), and they renovated old homes in inner-city neighborhoods (a process known as gentrification). They also invested in cultural institutions, such as museums and music venues, and they cracked down on crime. These and other actions drew some businesses and middle-class people back to CBDs. New York serves as a prominent example of a city that reversed the decline of its CBDs in the 1990s and early 2000s, resulting in revitalized economic activity.

Despite such redevelopment, the traditional concept of the CBD as a region’s only center of economic activity remains outdated. Commercial activity in most metropolitan areas in the 21st century is highly decentralized. Production and consumption extend throughout metropolitan and suburban regions. The term “edge cities” is used by many urban experts today to describe smaller economic and employment centers surrounding CBDs.

CURRENT ISSUES

Although suburbs and edge cities now have much of the business formerly located in CBDs, city centers in the United States and other countries continue to bustle with activity. They are the sites of millions of office jobs, busy retail and financial sectors, needed government services, noisy construction work, and lively nightclubs and restaurants. Also continuing in and around CBDs are such social problems as crime and homelessness.

The problems of air pollution and climate change have been addressed by many cities in the 21st century with restrictions on private automobile traffic in CBDs. Besides combating pollution, these efforts are designed to reduce congestion and increase space for pedestrians and bicyclists. Such actions have been most impactful outside the United States. In 2016, the government of Mexico City began banning certain cars from the city center two days per week, according to a rotating system based on license plate numbers. In 2018, officials in Madrid, Spain, banned all nonresident cars from the city center. Similar restrictions are being considered in several other cities.
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Central Place Theory




Central place theory is a theory aimed at describing and explaining urban settlement patterns. It provides one of the most influential philosophical frameworks to emerge from the study of urban geography in the 20th century, and it continues to be debated and refined.

The foundations of central place theory were first laid out in the doctoral dissertation of Walther Christaller in the 1930s. Christaller had studied settlement patterns in his native Germany, and he concluded that the arrangement and size of urban places was directly related to the economic services and functions the various locations offered. Each urban center was associated with an economic hinterland, sometimes referred to as the market area, resulting in a regular pattern of the growth and spacing of settlements. Christaller’s great contribution lay in explaining the economic fundamentals behind the formation of the hinterlands, their basic shape, and how certain “principles” might affect the urban spatial pattern.

Central place theory assumes that the physical geography considered is uniform—a completely flat plain with no hills or mountains present and no rivers, streams, or other features that would impede motion. Distance, therefore, is the only factor when considering transportation cost and accessibility to markets. Moreover, the plain holds an evenly-spaced population, and no area has an advantage in terms of amount of resources. Labor, capital, and raw materials are all equally available and of identical quality.

Under these conditions, demand for goods is also identical at every location on the plain. The only difference in cost between similar types of goods is the additional transport cost associated with traveling a greater distance to obtain the good, a concept linked to distance decay. Each good or service offered at a location on the plain would have a specific range, or distance that consumers would be willing to travel in order to procure the good or service. More expensive goods or services that would be purchased less frequently, which Christaller called “higher-order” goods and services, would have a larger range than so-called “lower-order” goods and services that would be cheaper and purchased on a regular and frequent basis. For example, a higher-order good might be a diamond ring; a lower-order good would be a bottle of milk.

The influence of distance decay would result in the formation of a specific hinterland in the shape of a circle for each good or service, extending outward from the place it was offered. The radius of the circle would equal the range of the particular good or service. Any consumers located beyond the boundaries of this hinterland would not travel to the place to obtain the good or service, as the transport cost would exceed the value of the good or service.

Each type of good or service offered at locations on the plain would have a specific threshold. The threshold is the minimum number of consumers necessary to offer the good or service at that location. This can be represented by an area, as the theory assumes that the population is uniformly distributed across the space of the plain. Higher-order goods will have much larger thresholds as they are goods or services that are only purchased infrequently. Lower-order goods or services will have much lower thresholds due to the higher demand for them. This can be easily visualized by using the examples provided above—one may purchase milk on a weekly basis but a diamond ring only once in a lifetime. Therefore, a jewelry store requires a much higher threshold (number of consumers) than a supermarket.

The result of this system is that the plain now is covered by imaginary circles radiating outward from central locations, each symbolizing the hinterland of a type of good at that location. This means, however, that some spaces will remain between the hinterlands, as circles do not fit tightly together. Central place theory suggests that the hinterlands are not circular but rather take the shape of hexagons that then follow a beehive pattern, covering all of the space of the plain. Furthermore, there exists a hierarchical ordering of the hexagonal pattern, based on the varying sizes of hinterlands. Central places offering the highest-order goods and services will have the largest hexagonal hinterlands. For lower-order goods and services, these large hinterlands will be subdivided into a series of smaller hexagons, representing the next order of goods and services, offered at smaller central places. The number of hexagon sequences in the hierarchy is dependent on the total number of different orders of goods available on the plain.

The exact spatial configuration of the hierarchical structure of central places and their hinterlands may be modified by applying certain characteristics to the economic environment, factors that Christaller called “principles.” For instance, if one assumes that the system is dominated by a marketing principle that provides the greatest profit margin to businesses operating at central places, then it is ideal to keep the number of central places to a minimum—this results in the lowest level of competition. According to the transportation principle (sometimes referred to as the traffic principle), if the central places of lower order were placed directly in between places of the next highest order, this would maximize the number of central places along potential transportation routes.

Finally, Christaller stated that an administrative principle might be applied, which would be designed to ensure the maximum level of governmental efficiency in managing economic activity. In this case, each higher-order central place would hold six central places of the next-lowest order, and its hinterland encompasses the equivalent of seven hinterlands (the six lower order hinterlands and its own) of the level directly below it. Christaller proposed that at least one of these principles was at work in the spatial ordering of urban centers.

Reuel R. Hanks

See also: Central Business District (CBD); Core and Periphery; More Developed Countries and Least Developed Countries (MDCs and LDCs); Primate Cities

Further Reading:

Christaller, Walter. 1966. Central Places in Southern Germany. Trans. by C. W. Baskin. Englewood Cliffs, NJ: Prentice Hall.

King, Leslie J. 1984. Central Place Theory. Newbury Park, CA: Sage.

Chaparral




The chaparral ecosystem is characterized by its Mediterranean climate and hardy, drought-resistant vegetation and animals. Chaparral biomes exist primarily in five parts of the world: the Mediterranean, southwestern Australia, central Chile, California, and the cape of South Africa. These areas are located between 30° and 45° north or south of the equator and have a Mediterranean climate, meaning they experience hot, dry summers and mild, wet winters. Daytime temperatures can reach 115° Fahrenheit (43° Celsius), and on winter nights the temperature can drop below freezing. Chaparral communities often do not see much rainfall, usually receiving between 14 and 25 inches per year. These areas can appear as rocky hills, flat plains, or mountain slopes dotted with brush and dense thickets, and have become synonymous with the “Wild West.”

Plants and animals in chaparral communities have to be capable of enduring heat, drought, and the wildfires those conditions entail. Chaparral plants, such as scrub oak, chamise, California buckwheat, yucca, toyon, and manzanita, are generally evergreens, meaning they keep their leaves all year. In the summer, the plants develop hard, small, waxy leaves specialized for preserving water, and in winter the leaves become softer in anticipation of rainfall. Other well-adapted plants include cacti, which preserve water within themselves and defend it with thorns, and plants with wide-reaching roots near the surface to capitalize on scarce rainwater.

Chaparral communities normally experience wildfires every few decades, and the native plants have adapted to the periodic burns. Most chaparral plants have adapted to resist fire with their tough bark or stems and small, hard leaves. Some seeds, however, only germinate after being exposed to heat from fire. These are known as “fire followers,” because they only sprout after a fire has swept through an area.

Animals found in chaparral communities are generally small and dun-colored. These include coyotes, rabbits, snakes, hawks, lizards, deer, quail, mice, squirrels, and turkey vultures. Birds and deer can migrate away from chaparral areas during the dry season, but lizards, chipmunks, and rabbits stay year-round. Because chaparral communities are often near the coast, they are desirable for human development—however, this development can push native animals out of their ecosystems and cause them to perish from lack of food or shelter.

Human contact with chaparral communities has also caused an increase in wildfire intensity due to policies of fire suppression in areas that are naturally meant to burn every few decades. This happens when humans prevent small wildfires from spreading to clear out unnecessary undergrowth, instead allowing the undergrowth to thicken and spread. This extra growth provides fuel, turning normally small fires into large ones that become very difficult to control. The local plants, resistant to small fires, cannot hold out against large ones, and plants that would have survived a small burn end up dying in an inferno. One possible solution to this problem is to clear out undergrowth before fire arrives, so that wildfires do not become so large and devastating that they are almost impossible to control.

Emily Robinson
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Clean Air Act




The Clean Air Act (CAA) is a U.S. federal law that assigns specific responsibilities to the Environmental Protection Agency (EPA) and to the states for achieving air quality goals. Air pollution is considered a public health threat. The law targets specific types of emissions and their sources, primarily power plants, industrial facilities, and vehicles. Air pollution control measures have an immediate economic cost. By contrast, air quality improvements provide indirect economic benefits by making people healthier and lowering medical costs over time. As a result, the CAA has complicated and controversial cost-benefit tradeoffs.

The roots of the CAA date back to the Air Pollution Control Act of 1955. By that time, smog had become a serious problem in the United States, particularly in urban areas. The original law provided for federal grants to be paid to public health agencies to study air pollution. This program was expanded in 1963 by passage of the first CAA. In 1970 the law was substantially rewritten to lay out a comprehensive strategy for protecting and improving the nation’s air quality. It has been amended several times since then. As of 2015, the most recent amendments were passed in 1990.

The CAA targets air contaminants considered major threats to public health. The highest-priority substances are carbon monoxide, lead, nitrogen dioxide, ozone, particulate matter (PM), and sulfur dioxide. All are gases except PM, which includes tiny particles of soot, dust, and other solid and liquid substances that can be breathed into the lungs. The CAA also governs chemicals called air toxics that are highly hazardous even at very low concentrations. Examples include arsenic, mercury, and vinyl chloride.

Many air contaminants result from the burning (combustion) of fossil fuels, such as coal, natural gas, and petroleum. Power plants and industrial facilities that combust fossil fuels are heavily regulated under the CAA. Gasoline and conventional diesel fuel are derived from petroleum. Thus, transportation vehicles and off-highway vehicles, such as bulldozers, that burn these fuels are also subject to CAA mandates.

Poor air quality is linked to some specific health problems. Asthma is a chronic lung disease characterized by inflammation and narrowing of the airways. It is aggravated by the presence of irritants in the air. This is true for other respiratory diseases and disorders, including bronchitis and emphysema.

Exposure to poor air quality, especially over long time periods, can be dangerous. It weakens the immune system, makes people more susceptible to respiratory problems, and worsens their symptoms, which can prove fatal.

CONTROLLING AIR POLLUTION

The CAA relies heavily on three mechanisms for controlling air pollution. One is the setting of standards for the ambient air. For example, the EPA sets a national maximum concentration for lead in the nation’s ambient air. The states can set stricter standards on air pollutants—but not more lenient ones.

Another mechanism is the setting of emission limits for specific sources. For example, power plants may be told the maximum concentrations of pollutants that they can emit within a particular time period. The law also allows authorities to impose technology-based requirements. Some facilities may be told exactly what kinds of equipment they must use in order to protect air quality.

The CAA is politically controversial because of its economic effects. It forces affected industries, such as power plants, factories, and car manufacturers, to incorporate pollution-control technologies into their processes or products. They often pass on the associated costs to consumers. Critics complain that excessive regulation under the CAA is a financial burden that harms the U.S. economy.

U.S. air quality has improved since the CAA was first passed in 1963. Data shows that concentrations of major contaminants in the ambient air have declined significantly. Scientists assign a dollar value to these benefits by estimating the health care cost savings associated with people breathing cleaner air. In a 2011 report, The Benefits and Costs of the Clean Air Act from 1990 to 2020, the EPA estimates that the CAA will provide nearly $2 trillion in such benefits by the year 2020.

Many court battles have been waged over CAA cost-benefit issues and tradeoffs. In 2007, the U.S. Supreme Court ruled that the EPA can regulate emissions of carbon dioxide and other gases that many scientists believe contribute to global warming. This decision means additional pollution control costs for some industries, particularly power plants. Critics argue that the economic burden is too high. A counterargument is that global warming poses a public health threat that should be minimized under the CAA for the good of society.

Kim Masters Evans
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Clean Water Act




Congress passed the Clean Water Act (CWA) in 1977 in response to growing water pollution in the United States. The CWA, which is an amendment to the earlier Federal Water Pollution Control Act (1948), limits the release of toxic pollutants into the environment. Water pollution in the U.S. was having a negative impact on the quality of drinking water and recreational waters, such as lakes and rivers, as well as the wilderness habitats of animals.

In order to reduce water pollution in the country’s waters, the CWA requires individuals and corporations to obtain permits before releasing pollutants into public waters or before beginning construction projects that could impact these waterways. Overall, the rules set forth by the CWA have significantly reduced the amount of pollutants poured into the oceans each year. However, attempts to limit pollution in freshwater in the United States that could be used for recreational activity, such as lakes and rivers, have been less effective.

Tens of thousands of rivers, lakes, and streams in the United States are still too polluted to use for recreational activities. Monitoring by the CWA and the Environmental Protection Agency (EPA) has been less successful in regulating less-direct methods of water pollution. Irrigation and stream run-off from farms frequently pours pesticides and other chemicals into local waters, which can cause groundwater to become contaminated; salt and oil flow from public roads into the water as well, damaging ecosystems and threatening wildlife. When chemical fertilizers are used before it rains, nutrients intended for plants can wash into aquatic ecosystems, causing algae blooms, death to fish, and foul drinking water. Poorly managed animal feeding operations can result in animal waste leaking into and contaminating the groundwater supply.

The CWA Action Plan outlines how the EPA addresses water pollution. The main challenges come from pollution caused by concentrated animal feeding operations, sewer overflows, runoff from urban streets, construction sites, and contaminated water flowing from industrial facilities. By targeting these sources, significant progress has occurred in cleaning up natural wilderness environments. Combined with the rules of the Endangered Species Act, the CWA has helped decrease the pollution affecting animals in marshlands, oceans, lakes, and rivers. This preservation has reversed years of unnatural environmental degradation of natural wildlife.

The Environmental Protection Agency (EPA) enforces the rules of the CWA in a variety of ways, with strict consequences for individuals and corporations who violate the act. On-site compliance evaluations are conducted periodically under the National Pollutant Discharge Elimination System (NPDES) Program, which regulates point sources where pollutants are dumped into U.S. waters. The program also helps provide assistance in complying with NPDES permits. This compliance monitoring occurs mostly at the state level. One of the program’s goals is to minimize losses to waters and wetlands and to utilize mitigation and restoration in compensation for losses that are unavoidable. EPA regional personnel conduct both scheduled and random inspections of oil facilities to ensure compliance with regulation, as oil spills can be particularly disastrous to local wildlife and ecosystems. As a result of the CWA, pollution has sharply decreased in many of the nation’s larger bodies of water, and thousands of acres of wilderness have returned to a more natural and unpolluted state.
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Columbian Exchange




The Columbian Exchange, following the discovery of the Americas, was a period of long-distance, oceangoing migration of plants, people and other animals, and pathogens. The Columbian Exchange remade both New (North and South America) and Old Worlds (Africa, Asia, and Europe) in historically significant ways. American historian Alfred W. Crosby deserves credit for bringing this topic to attention in his 1974 book by the same name.

DISEASES

Ancient astronomer and geographer Claudius Ptolemy made maps that depicted only Europe, Asia, and Africa. There was no mention of the existence of the Americas on maps or in the Bible. Maritime treaties between the Iberian powers had secured the eastern route for the Portuguese, rounding the southern tip of Africa, while the Spanish were forced to sail west to reach India. In four fateful voyages, Christopher Columbus ultimately failed to reach Asia, a fact he would not concede. Those who followed Columbus understood that he had found the Caribbean islands and had touched on one of two large continents: North and South America.

These continents hosted a rich Amerindian population that had occupied the landmasses over the last 15,000 years. Amerindian societies adapted to all environments and developed a rich agricultural heritage. The domestication of animals, however, was limited to llamas and alpacas of the camelid family. In the Old World, on the other hand, more than 13 animal species were domesticated. The close proximity between animals and humans in Eurasia and Africa meant a greater interchange and existence of diseases. These diseases included temperate (smallpox, influenza, measles) and tropical (yellow fever and malaria) varieties. These diseases crossed the Atlantic and reached the Americas. In the absence of reliable population numbers in 1492, the Amerindian population decline can only be estimated. In Central America and the Caribbean, population loss accounted for 90 to 100 percent, whereas South America experienced a loss of about 70 to 80 percent.

THE SLAVE TRADE AND SLAVERY

With the Americas partly depopulated by these diseases, labor was in short supply. Europeans, notably the Portuguese, sought to solve the problem by enslaving Africans and forcing them to cross the Atlantic Ocean to labor on a variety of plantations—sugarcane and coffee initially, but the slave experiment expanded to include plantations of rice, tobacco, and cotton. Indigo played only a minor role. The development of plantations in the New World was part of the Columbian Exchange.

AN EXCHANGE OF PLANTS

A number of plants cultivated in the Americas crossed the Atlantic and revolutionized agriculture in the Old World. Most significantly were corn, potatoes, and tomatoes, which allowed for rapid population increases in Africa, Asia, and Europe. Rice was a crop that successfully went the other way. Rice seems almost certain to have originated in East and Southeast Asia. Cultivation is probably about 10,000 years old, making it among the earliest domesticates. A little later, Africans domesticated rice, but this was a brand-new species and seems to prove that the African experiment with rice was independent from anything Asia had done. Europeans, however, imported their rice from Asia in the Middle Ages, not knowing that Africa also produced rice. The Columbian Exchange created a dramatic change. The first types of rice and the first slaves in South Carolina and Georgia came from regions of West Africa that specialized in rice culture. Most of this African rice was exported to Europeans. Because the rice was husked during processing, Europeans did not know that they were no longer eating Asian rice. Rice cultivation in the Carolinas also allowed for perfect breeding conditions of the Anopheles mosquito, the main transmitter of malaria.

ANIMALS AND THE COLUMBIAN EXCHANGE

The livestock of Europe, Asia, and Africa made a deep imprint on the Americas. Consider the cow. A Eurasian domesticate, the cow was an important animal in large parts of East and West Africa. As an Old World animal, it produced meat, butter, milk, and cheese. Columbus brought cows and pigs to the Americas. Both have been enormously important. The cow populated large parts of South America, especially the Argentine pampas. Herds became so large that many cows went feral. A person could find one or more cows wherever he or she went, shoot one, and have plenty of meat for the family. The pig made a similar transition. It was raised throughout the Americas. Cities like Porkopolis (Cincinnati) and Chicago arose as centers of a meat-packing industry that pigs and cattle made possible.

The horse is a curious case because it was indigenous to the Americas. During the last Ice Age, horses crossed the land bridge between Alaska and northeastern Asia, spreading to all parts of the Old World. It then went extinct in the Americas. But the Columbian Exchange reintroduced the horse to its continents of origin. Native Americans then adopted the horse and the greater mobility it afforded. The Plains Indians used it to hunt bison, creating the often-perpetuated stereotype that Native Americans had domesticated the horse when arriving in the Americas.

INSECTS

Insects are important carriers of diseases. Consider Aedes aegypti, the mosquito from tropical Africa that carries the virus that causes yellow fever, an often-fatal disease. Very early in the European conquest, African slaves brought the mosquito and the disease to the Caribbean islands. The result was catastrophic in a somewhat novel way. The pattern of disease transmission had been from European or African to Amerindian. In tropical America, yellow fever killed large numbers of Amerindians, but because Europeans did not have much immunity to tropical Africa disease like yellow fever, they suffered too. In some cases, yellow fever, not military prowess, determined the outcome of battles.

Christopher Cumo
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Community-Based Mapping




Community-based mapping, also known as participatory mapping, combines modern mapmaking methods with the knowledge of local people to illustrate issues and resources that are important to a community. Often referred to as part of the “democratization of geographic data,” community-based mapping utilizes such tools as global positioning systems (GPS), geographic information systems (GIS), and remote-sensing imagery, as well as hand-drawn maps and local landscape knowledge. It allows communities that are marginalized or underrepresented in the global economy to represent their interests and values, and to influence social and economic change—particularly in the areas of environmental justice and natural resource management.

By definition, most community-based mapping initiatives emerge out of a common community agenda. Georges Thierry Handja, a Cameroonian technical advisor for the nonprofit Rainforest Foundation UK, has called this growing field “a powerful tool of advocacy,” as it allows groups all over the world to illustrate what is most important to them in the face of development pressures from national governments or multinational corporations. “When communities are involved in mapping their lands,” Handja told journalist Fred Pearce of Yale University’s Environment 360 website, “they can play an important part in the conservation, management, and development of forests.”

COMMUNITIES IN ACTION

Community-based mapping has been traced back to community activism in the Bronx—a borough of New York City—in the 1990s. However, today it is in use in such varied communities as the rain forests of the Congo Basin, the Navajo Nation of Arizona, and the urban slums of Cuttack, India. In the Democratic Republic of Congo, where government agencies are zoning more than 300 million acres of rain forest to allocate to logging companies from Europe, China, and elsewhere, Bantu farmers and Baka (or “Pygmy”) hunter-gatherers are using GPS units to map their forests. With funding from the United Kingdom via the Rainforest Foundation UK, more than 400 volunteers from 200 villages in the remote western province of Bandundu are using these electronic devices to record their territorial boundaries, as well as the locations of important cultural sites, wildlife habitat, fishing grounds, and other resources. The goal of the project is to protect community land use from logging impacts.

The Wapichan people of the South African nation of Guyana have carried out a similar mapping project with the goal of protecting 3 million acres of forests, pastures, and wetlands from the development of new roads and dams. Both projects began as most community-based mapping efforts do: with meetings where locals determined what resources are important to them culturally and economically, and how their importance can be illustrated and protected.

The Diné people of Arizona’s Navajo Nation lands have used GPS and GIS to map pollution sources and their proximity to sources of drinking water. Navajo tribal lands have hosted a great deal of mining for uranium and coal over the decades, raising environmental justice concerns about the contamination of local aquifers. In many U.S. cities, including Chicago, New York, Denver, and Louisville, neighborhood activists use community-based mapping to link environmental risk factors with local health problems—including diabetes, obesity, and cancer—in minority and low-income neighborhoods. Among the features being mapped by local people as part of such initiatives are parks, grocery stores, fast food outlets, abandoned buildings, and sources of pollution.

In Epworth, a slum on the outskirts of the Zimbabwean capital, Harare, residents have used such low-budget tools as paint and tape measures to mark boundaries of homes, wells, toilets, roads, drainage ditches, and other features that are then superimposed over free satellite images from Google Earth. In this way, Epworth community members—many of whom have lived there for decades—hope to gain lawful tenure in neighborhoods that Zimbabwe’s government has threatened to raze to make way for real estate developers. Residents of other unmapped squatter settlements in Cuttack, India; Nairobi, Kenya; and several cities in Uganda have undertaken similar projects using a variety of methods.

The gathering of such data by local people has been dubbed “volunteered geographic information” (VGI) and is based on the belief that local residents can provide valuable knowledge of their surroundings to outsiders who lack such information. Ideally, an organized community group then uses and interprets VGI to accurately represent the community agenda via an interactive map or series of maps. Although individual communities may stray from formal conventions of cartography, using symbols and representations that are meaningful to their residents, community-based mapping is most useful when the maps produced can still be understood by outside groups such as state agencies and international developers.

In addition to the challenges of interpreting local knowledge for outside groups, issues of cost, education, and technology acquisition can also hamper community-based mapping projects. Most poor, underrepresented, or otherwise marginalized people lack the money, skills, and infrastructure to create maps using GPS and GIS. While some communities have raised funds to cover the up-front costs of technology and education, others have turned to nonprofit groups or other intermediaries to provide them. Some have relied instead on low-tech methods or free tools, such as Google Earth or government census data, which may not accurately communicate the community’s needs or concerns. Another common concern about community-based mapping is the impact it has on individual privacy, particularly if the data collected are made available online.

Finally, community-based mapping often comes into direct conflict with the mapping and resource-allocation efforts of governments and private corporations. In the Democratic Republic of Congo (DRC), for example, the government’s zoning commission has resisted using information provided by the Bandundu mapping project. A law introduced in 2011 meant to allow communities to gain formal title to their lands based on their own mapping projects was resisted by the government before finally being approved in 2014. The interests or reported boundaries of individual communities may also conflict with those of neighboring groups.

Terri Nichols

See also: Cartography; Geographic Information Systems (GIS); Global Positioning Systems (GPS); Map Projections

Further Reading:

Plantin, Jean-Christophe. 2014. Participatory Mapping: New Data, New Cartography. London: Wiley-ISTE.

Conservation versus Preservation




Preservation and conservation are two different philosophies on protecting the environment. Conservation entails managing resources but still allowing them to be used, whereas preservation entails setting resources aside so they cannot be used at all. The United States has shifted back and forth between policies that favor conservation and preservation of nature over time; this lack of consistency can make it difficult to create lasting effects or enact long-term solutions.

CONSERVATION

Conservation policies allow for humans to make use of such natural resources as wood from forests or oil from the ground, provided that the natural resources are managed and not used up entirely. These policies allow public recreation and commercial activities, like logging, mining, and fishing, to take place. This is done in an effort to utilize available resources while still protecting them. Conserving renewable resources (like trees) means ensuring that the resource is not consumed faster than it is possible to replace them; however, for nonrenewable resources (like oil), conservationists seek to maintain enough of the resource that future generations can still make use of the resource.

Conservation often has an economic motive. For example, wildlife preserves were established in Africa in the late 1940s to ensure the continued commercial viability of big game hunting. In the early 1980s, the Ronald Reagan administration allowed access to public lands for coal mining and oil drilling after easing back its enforcement of environmental laws. Critics of conservation argue that “management” of natural resources too often leads to mismanagement and exploitation, and so it is better to protect land from human intervention entirely.

PRESERVATION

Preservation policies support the creation of parks and nature reserves that preclude the use or exploitation of natural resources. In an effort to prevent exploitation, these policies usually ban such potentially harmful activities as fishing, hunting, logging, mining, and oil extraction. This is done to protect natural beauty and biodiversity as well as to designate a place for peaceful recreation and scientific study. Preservationists argue that humans are encroaching too much on the natural world, turning untamed landscapes into farms, houses, and industries. They argue that these ecosystems need to be protected no matter the cost.

Preservation seeks increased government protection for public lands, often in the form of national parks. Congress established Yellowstone National Park in 1872, beginning a national park movement worldwide. The U.S. presidents have since authorized many additional national parks and monuments; Barack Obama established the most protected national areas with 26. Critics claim that these designations hamper local economies and violate states’ rights, because they greatly limit how land can be developed and used.

The U.S. government’s relationship with the environment changes over time, and one president may have an entirely different philosophy regarding conservation versus preservation than his or her predecessor. Protections are repeatedly enacted and enforced only to be rolled back, making it difficult to effectively handle issues relating to environmental protection. The complicated and controversial nature of environmental protection makes it difficult for both sides—conservationists and preservationists—to come to an agreement on what solutions are best for everyone.
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Convention on International Trade in Endangered Species (CITES)




The Convention on International Trade in Endangered Species (CITES) is an international agreement that controls trade of endangered plants and animals. The goal is to prevent further endangerment or extinction of protected species. Coming into force in 1975, CITES protects endangered species by regulating the trade of more than 5,000 animal species and 28,000 plant species. Although only 21 countries participated in the early days of the convention, as of 2016, 183 countries now agree to abide by the rules set forth to regulate the trade of endangered species both within and outside their borders.

Protecting endangered species became an important issue during the 1960s environmental movement. This idea held importance in the United States, but it was globally understood that international cooperation was the only way that species would be completely protected. An organization like CITES was first called for in 1963 at the International Union for Conservation of Nature and Natural Resources meeting in Nairobi, Kenya. General rules for the convention were drawn up and distributed to all of the members of the United Nations. UN member governments discussed the details of the protection convention for nearly a decade. Even though a convention was not created until 1973, individual nations set up their own rules for the protection of endangered species.

In early 1973, over 80 nations met in Washington, D.C., at the invitation of the United States, at a conference meant to create, or at least discuss, the possibility of a convention to regulate the trade of endangered species. It had long since been decided that the actions of individual states were not enough. An international body had to be created in order to effectively protect against endangerment and extinction. These problems were not solely located inside of individual nations but instead crossed borders and were, therefore, a global issue. On March 3, 1973, CITES was created, and 21 nations agreed to participate. Individual governments needed to ratify the convention before it gained any international power. Between 1973 and 1975, Chile, Cyprus, Ecuador, Nigeria, Switzerland, Sweden, Tunisia, the United States, and Uruguay ratified. On July 1, 1975, Canada’s government ratified, the 10th to do so. At this point, CITES had enough countries on board to became a legally enforceable international body.

The United States was highly influential in strengthening the international power of CITES. Environmental lobbying and pressure for stronger environmental protection legislation persuaded the federal government to pursue environmental policy. In December 1969, the Endangered Species Conservation Act was signed into law. Its purpose was primarily to prevent extinction of plant and animal species, but it also legislated the necessity to preserve endangered species and to create programs to help endangered populations grow, such as breeding programs at zoos.

There had been numerous previous acts meant to protect endangered species, but none of them was strong enough to do the job properly. Additionally, the Endangered Species Conservation Act legitimates U.S. participation in CITES. In this way, the act served as a legal precedent for CITES and made ratification by Congress acceptable and virtually inevitable. In fact, it called for the secretaries of state and interior to facilitate a conference for the creation of an international agreement. Thus, without the intervention of the United States, CITES may not have come to fruition as quickly.

The rules that these countries agreed upon began to have a profound effect on international environmentalism. CITES ensures that all species that are imported or exported from a member country go through a licensing process. This way, only animals with safe futures can cross borders—unless they are crossing those borders for breeding or expansion programs.

Not all plants and animals are involved in the licensing process—only those in need of protection. These species are broken down into three appendixes based on the level of threat to their survival. Appendix 1 is for those species that are close to extinction and must be treated with the greatest level of care. Appendix 2 is for endangered species, or those that are not threatened with near extinction but still must be protected. This appendix contains the vast majority of species considered under CITES. Appendix 3 is for species that are protected in at least one country. In these cases, a member country asked that the rest of the convention take steps to protect the species, even though it may not be technically classified as endangered.

Although CITES has managed to protect many different species from extinction, this convention is not without critique. Because it is based around UN and international agreements, much bureaucratic red tape must be cut for action to take place. Some have argued that the convention is too slow in dealing with environmental problems. There has also been worry over how CITES is funded. Though it is currently paid for with a trust fund established by member countries, the convention has grown in size and scope. It may be necessary to reevaluate CITES in the years to come based on economic necessity, as the program will need more funds as it grows.
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Core and Periphery




Core and periphery is a model that places countries in an economic hierarchy. It is part of the world systems theory by American sociologist Immanuel Wallerstein. The model classifies the world’s countries according to their economic development. Core countries are normally wealthy and highly developed, commanding respect on the world stage, whereas periphery countries are less powerful, less developed, and less respected, or found on the “periphery” of the world stage rather than at the center.

CORE, PERIPHERY, AND SEMIPERIPHERY

In Wallerstein’s model, core countries are wealthy and often major world powers. They are postindustrial, meaning that much or most of their manufactured goods are imported from other countries. There is much scientific and technological innovation. The population of core countries is highly educated on the whole, but population growth is declining, or at least slowing. Some core countries include the United States, Sweden, and Japan.
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This map shows a ranking of countries by their economic development. Countries in the core are wealthy, powerful, and highly developed. Those on the periphery are less developed, less powerful, and poor. Countries on the semi-periphery are in-between, with characteristics of both core and periphery countries. (ABC-CLIO)

Countries in the periphery are poor. There is little development and a low standard of living, and they are mostly agricultural. Their populations are large and growing, but infrastructure and education are lacking. The natural resources from peripheral countries flow into and are sold in the core countries. In other words, peripheral countries help create the wealth of the core countries. Some countries in the periphery are Guatemala, Nigeria, and Mongolia.

There are some countries that have characteristics of both core and peripheral countries. These countries are in the semiperiphery. They are semi-industrialized or in the process of industrializing. They take in the natural resources from the peripheral countries and manufacture them into finished goods that are then sold in the core countries. Some countries in the semiperiphery include Mexico, India, and Brazil.

CONFLICT BETWEEN CORE AND PERIPHERY

Often, there is physical conflict between core and peripheral countries because people living in the peripheral countries want to share in the wealth and opportunity found in core countries. Some examples of this conflict are seen in the borderlands between the U.S. and semiperipheral Mexico and the ongoing concern over immigrants. Australia, a core country, experiences much of the same kind of conflict with immigrants from peripheral countries in Southeast Asia; and core countries in Europe have struggled to absorb the millions of immigrants crossing the Mediterranean from peripheral countries in North Africa. Other locations that represent a tenuous barrier between the core and the periphery are the Demilitarized Zone found between North and South Korea and the Green Line, a UN-enforced border that separates Cyprus into the Greek south and Turkish north.

One reason this core/periphery distinction has formed is the wealth disparities that exist between core countries and periphery countries, in addition to political and physical barriers. The vast majority of the world’s generated wealth goes to 1 percent of the population (found in the core)—this perpetuates the cycle that puts core countries on top and keeps periphery countries down. People in positions of power are often raised and educated in core countries. This also serves to perpetuate the cycle of unfair advantages, because people living in the core have more opportunities afforded to them than people outside it.

Julie Dunbar
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Cultural Convergence




Cultural convergence refers to the spread of similar cultural attributes among different societies, cultures, and countries, leading to increasing similarities. Such attributes might include economic and government structures, technological innovation and development, language, fashion, art, and other elements of culture. Cultural convergence can be associated with acculturation, which usually refers to changes in the culture of a minority group as it adapts to the majority culture of a society. However, cultural convergence is generally viewed as more global and economic in nature than acculturation. It is considered to be an aspect of globalization.

Cultural convergence is a global phenomenon in the modern era, fueled by greater interaction among the people of the world. The increased interaction is related to the global economy and trade, online communication, mass media, popular cultural, air transportation, immigration, and multinational organizations and sports competitions. Today, there can be instant or rapid connections between people in many different countries, especially in wealthy, developed countries with free markets. In such countries, people typically have access to computers and the Internet, cell phones, and modern transportation. In addition, they are regularly exposed to mass marketing and advertising, encouraging uniformity.

The more that international interaction and cultural convergence occur, the more that traditional cultural differences diminish. As cultures become increasingly similar, there might be reductions in international misunderstandings, war, and other tensions. However, there may also be a corresponding, unfortunate loss of the richness of traditional cultural diversity. Many observers bemoan the “Americanization” of the modern world, with even the most ancient cities of Europe now hosting McDonald’s, Pizza Hut, and other fast-food franchises based in the United States. Some people view such cultural homogenization as troubling. Spread mainly through the quest for corporate profits, the cultural convergence represented by fast food has had adverse health consequences for many people in poor countries.

HISTORIC EXAMPLES

Cultural convergence has a lengthy history, typically driven by the dominant economic and military powers of any given time. During the centuries when Rome was the prevailing power in much of Europe, Asia, and Africa (roughly the first four centuries of the Common Era), its cultural influence was vast. Many “barbarians” and other conquered peoples throughout the Roman Empire adapted Roman dress, names, language, technology, and other cultural traits. A similar phenomenon happened throughout the British Empire of late 1600s to the mid-1900s. Western culture has been dominant in cultural convergence for centuries because of the power and influence of U.S. and European economies and pop culture. This cultural convergence is further supported by the teaching of English in nations of both the East and West.

Today, many examples can be cited in popular culture of attributes and behaviors spreading among the countries and cultures of the world. American music, movies, and food are enjoyed by people in numerous countries. International sports competitions, such as the Olympic Games and World Cup, have encouraged cultural convergence. During the late 20th century, the popularity of European-style soccer exploded in the United States, while U.S. sports, such as baseball and basketball, grew in popularity in several nations.

At various points throughout history, cultural convergence has played a role in political and social revolutions. The Western concepts of free elections and democracy appeal to much of the non-Western population living under authoritarian regimes. During the prodemocracy Arab Spring uprisings from 2010 to 2012, protestors mobilized through the use of Western-based social media in several Middle East countries. In these cases, the cultural convergence was both political and technological in nature.

INEQUALITY IN CULTURAL DEVELOPMENT

A highly productive manufacturing region stretches from North America through Europe to East Asia. Economists refer to this region as the core in a model known as the core-periphery model. The periphery in this model refers to the less productive, less developed areas outside the core, such as much of Africa, Southeast Asia, and Latin America. Cultural convergence has long occurred unequally throughout these areas, with the periphery being less exposed to the convergence process. However, with the spread of modern industrial, communication, and transportation systems into the periphery, economic benefits have also spread. Many relatively poor countries in the periphery now manufacture industrial and consumer products for wealthy Western countries. Associated economic benefits for the peripheral countries include more employment and a rising standard of living. Nevertheless, countries in the periphery generally continue to lack the wealth, social structure, and political freedoms needed to fully develop strong economic attributes like those of the core.

Ultimately, we are all parts of the overall human culture and human species. Thus, we share much in common with the people of all nations—both rich nations and poor nations. Cultural convergence is likely to continue to pull us all closer together.
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Cultural Hearth





A culture hearth is one of several locations where major cultural and technological advancements appeared in the early development of human civilization. These places emerged as centers of innovation and artistic and scientific achievement, with complex social orders and sophisticated political systems. Moreover, each hearth benefited from regularly cultivated and proficient agricultural systems, often based on extensive irrigation. The latter feature generally enabled the production of a surplus of food. Most of the hearths developed on the banks of major rivers, or at least in close proximity to streams, allowing for a regular supply of water. And most also benefited from the rich soils laid down by flooding.

Scholars generally recognize four major cultural hearths, and some include three secondary hearths as well. The four major hearths are the Tigris-Euphrates River Valley, located largely in modern Iraq; the Nile River Valley in Egypt; the Indus River Valley situated in modern Pakistan; and China’s Huang He (Yellow) River Valley. The three secondary hearths are located in West Africa, especially Ghana and its environs; Central America, especially southern Mexico, Belize, and northern Guatemala; and the Gangetic Plain of northern India. Each of these locations witnessed the emergence of a common set of advancements, either entirely in isolation from the others, or at least partially independent of external influences.

The common denominators in each cultural hearth included the organization of society into hierarchical classes, a division of labor ranging from manual labor to higher intellectual pursuits, a high degree of urbanization, a relatively advanced transportation and communication system, and a high level of skill in the physical and literary arts. These characteristics appeared in part because of the food surplus made possible by the rich soils and abundant supply of water. A significant percentage of the workforce was freed from the task of cultivating crops. This allowed them to develop technical and scientific skills in areas as diverse as metallurgy, astronomy and philosophy.

Religious belief and language both acquired more organization, complexity, and sophistication. Religion became more interpretive and ritualistic. Both of these characteristics were secured by the flowering of religious literature and a class of religious officials in the form of priests or others who functioned as intermediaries between humanity and their god(s). Skills in architecture and construction were refined, as monuments to deities or rulers were raised in religious tribute. As new technology appeared and the literary arts flourished, the vocabulary of language became richer and its discourse deepened, enabling speakers to express themselves in new and innovative ways. Writing systems emerged independently in the hearth regions as early as 3000–4000 BCE. The first was probably early cuneiform in the Sumerian city-states located in Mesopotamia. Within a few centuries, this was followed by an early form of hieroglyphics in the lower Nile region in Egypt and in the Indus Valley in South Asia.

Writing systems were necessary for recordkeeping. As a result, they may have evolved because of the increased commerce brought on by specialization of labor and crafts, as well as the need to record the quantities of grain produced in surplus years. As such systems became more complex over time, a class of specialists in the art of writing, typically working as scribes, record keepers, poets, and others transformed their advanced skills into a new, elite class in society. Writing and reading would remain the purview of specialists for several thousand years. It would not be until the 19th century that any society would claim a literacy rate exceeding 50 percent. Many modern states reached this milestone only in the 20th century. But the birth of this element of culture in the hearth regions would completely transform human interaction. Language would ultimately become one of the most important factors distinguishing one culture from another.

THE SPREAD OF RELIGION AND CULTURE

The culture hearths also allowed for more detailed, stylized, and elaborate religious expression. There is no question that humans possessed certain beliefs about their surroundings that were “religious” in character prior to the establishment of the hearth regions. These beliefs were not expressed through the construction of permanent religious structures in most instances, however. Natural features like mountains and rivers might have been assigned supernatural qualities, but because humans were mostly nomadic prior to the foundation of the hearths, there was little utility in building large monuments, temples, shrines, or similar symbols dedicated to deities.

By contrast, in the hearth regions, humans felt compelled to raise buildings that reflected the power of the gods, the might of those ruling the societies, and the wealth and skill of the culture itself. Religious officials also derived much of their authority from the creation of a religious landscape, and because, in most hearth areas, the heavens played a central role in the local religious system, monuments that approached the sky in the form of pyramids or great temples were often built. This was especially the case with the ziggurats of Mesopotamia and the huge pyramids built by the Egyptians in the Nile Valley and by the Maya in Central America.

Over a long period of time, the many innovations in culture and technology spread outward from the hearths into surrounding regions. This process is known as cultural diffusion. As these groups encountered the new influences, they modified them to meet the standards, requirements, and expectations of their own societies, resulting in new variations of language, religion, and other aspects of culture. This, in turn, led to the development of the various expressions of cultural identity found across the spectrum of human existence today.

In today’s era of globalization, one may identify new culture hearths, especially those of Western culture, which have diffused to every part of the earth over the last century. It was in the original handful of hearths, however, that we find the first evidence of human beings starkly defining and differentiating themselves in terms of the set of attributes scholars collectively describe as culture. These locations set the basic pattern that subsequent civilizations would follow in molding the global cultural landscape.
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Demographic Transition Model




The Demographic Transition Model defines four progressive stages of demographic development in an attempt to explain and analyze the various conditions and factors that influence population growth. Some sources use the term “demographic transformation” to refer to this model. The key relationship at the center of the model is the dynamic between death rates and birth rates and how these are altered by changing socioeconomic conditions over time. In particular, the model relates increasing rates of economic advancement and higher levels of urbanization to a general and (at least in theory) long-term reduction in population growth. The model is based on the experience of economically advanced countries that underwent industrialization during the late 19th and early 20th centuries.

The first stage of the model, typically called the “preindustrial” stage or “high stable” stage, is marked by both high birth rates and high death rates. The total fertility rate and infant mortality rate are also both quite high, compared to later stages of the model. Life expectancy for both males and females is also typically low in comparison to subsequent stages, due to the influence of food shortages, disease, and frequent violent conflict. Population growth at this stage is generally low, because although the birth rate may exceed the death rate for a short interval, it is also just as likely for the death rate to be higher, and neither is marked by a sustained trend upward. The age structure of the population is typically youthful, with large numbers of individuals in the lower-age group, and few in the older group, reflecting the high rates of birth, fertility, and mortality, as few people survive into old age. Represented by a population pyramid, a country or region in this stage would show a pyramid with a broad base (high birth rate) tapering steeply to a sharp pinnacle (high death rate). Few countries are considered to be currently at this stage of the model.

The second stage of the model, often called the “early expanding” or “early industrial” stage, reflects the impact of advancements in food production and medical science on the death rate. Technological achievements in science and the mechanization of agriculture have the result of dramatically reducing the death rate and expanding life expectancy. This results in more people living longer, as well as lower infant mortality, meaning that more individuals survive to adulthood. The birth rate remains unchanged or may even decline slightly during this stage. The plunging death rate causes a disparity with the relatively constant birth rate, resulting in rapid population increases. The death rate declines throughout this entire stage, although toward the end of the period, it begins to level off as the impact of technological advancement on life expectancy and mortality diminishes. A population pyramid of this stage indicates much less tapering toward the top of the pyramid (a much larger number of people living into old age) but retains its broad base, as birth rates have not significantly changed from those of the first stage. Many countries of the “developing world” are considered by proponents of the model to be currently experiencing this stage.

In stage three, or the “late expanding” portion of the model, the death rate has stabilized at a low level, and the birth rate now declines rapidly. Population growth continues at almost the same rate as in the “early expanding” period, however, because although the birth rate is falling, the death rate has dropped to such a low point that births still exceed deaths by a sizable margin, resulting in overall population growth. The decline in the birth rate during this stage is generally caused not by scientific or technological progress, as was the case in the second stage, but by shifts in social values and traditions, often having to do with the role of women in society. For example, during stage three, women may enter the workforce in proportionally large numbers compared to stage two, larger numbers of women may pursue higher education, the widespread use of advanced birth control methods may become more socially acceptable, both women and men may delay marriage until later in life, and average family size typically declines along with the total fertility rate. All of these changes occurred in the United States during the 1960s and 1970s. A pyramid representing this stage would not preserve much of a traditional shape; rather, the base of the structure would be only slightly broader than the apex, especially for a pyramid illustrating the latter part of stage three.

The fourth and final stage of the model, the “postindustrial” stage, is characterized by low birth and death rates in the population. Life expectancies remain high, but the population in question has achieved a zero growth rate—and may even reproduce at a rate below replacement value. The total fertility rate, in other words, has declined to about two or even lower, meaning that couples are not replacing themselves in the population. Average family size is four or fewer. A country at this stage can grow substantially only through immigration and may experience shortages in the labor supply, particularly in lower-paying jobs. A number of countries may be considered to have reached this stage of the model, including many of the countries of Western Europe and Japan. The population pyramid representing this stage is not a pyramid at all but resembles a column due to the nearly equal numbers of people in most age categories, except for those at the very limits of the human life span.

The Demographic Transition Model has many detractors, and indeed, the model has shortcomings when applied to individual countries or regions. For example, critics of the model argue that it fails to take into sufficient account the complexity of factors influencing birth and fertility rates in developing countries, and they also point out that the model is based exclusively on patterns observed in the Westernized, developed world and therefore is plagued by ethnocentrism. In addition, the model doesn’t take into consideration a fifth stage that some postindustrialized countries appear to be moving toward now—that of declining population. Nevertheless, the model remains widely employed and debated among population geographers.
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Demography




Demography is the systematic study of human populations, which includes measuring population characteristics and calculating, analyzing, and interpreting data about births, deaths, and migration at global, national, regional, and local scales of analysis. Demographers seek to study and understand human populations in relation to the way in which humans develop culture, form nations, and inhabit the planet. They accomplish this primarily by gathering data about births, deaths, and migration patterns. This work can be applied to a variety of issues, such as demographic changes experienced by developed countries where the birth rate is below the replacement level required to maintain population stability or growth.

Many ancient writers, including Plato, Aristotle, and Cicero, studied population. In the late 18th century, Thomas Malthus studied the increasing population in the United Kingdom during the Industrial Revolution and theorized that population growth would be limited based on what resources were available in a given area. In other words, Malthus suggested that a country’s carrying capacity would limit the size of a population. Carrying capacity refers to the number of people an area can support without degrading the environment for present and future generations. If a population grows beyond its area’s carrying capacity, it will not be able to live sustainably in that area for very long.

The systematic study of demography began in the late 19th century. Many countries had begun to gather data about their populations by taking regular censuses. Such census data provides demographers with the information that allows them to calculate crude birth rates (number of births among a population of 1,000), crude death rates (number of deaths among a population of 1,000), total fertility rates, population densities, and other standard measures of population location and change. Crude birth rates above 30 per 1,000 are considered high, and crude birth rates below 18 per 1,000 are considered low. Developing countries generally have higher crude birth rates than developed countries, meaning more babies are being born. While crude birth rates have largely remained the same, crude death rates have been falling worldwide, which can be attributed to better medical care, more reliable food and water supplies, and improved sanitation, all of which lead to longer life expectancies.

In addition to counting a population, censuses are used to gather data about the age, gender, ethnicity, and location of each individual in the population, which is in turn used to calculate and analyze age-specific birth and death rates and cause-specific death rates. Demographers use these calculations to formulate population projections that governments can use to develop population policies.
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Desalination




Desalination is the process by which seawater is converted to freshwater that is fit for human and animal consumption as well as for agricultural irrigation. More than 300 million people worldwide currently receive water from desalination plants. The end of 2015 saw more than 18,000 desalination facilities located throughout the world, 44 percent of which are located in the Middle East and North Africa. Because of the hot, dry climate of that region and its growing population, freshwater supplies are a precious commodity. Indeed, very high evaporation rates and low rainfall render all but the most robust water sources unreliable for a good part of the year. Perhaps the most abundant (and most used) freshwater resource in the region is the Jordan River, whose waters are partly claimed by several countries. By 2016, Israel produced 55 percent of its domestic water from desalination.

One of the largest desalination facilities in the word is located in Saudi Arabia, which produces about 25 percent of all the desalinated water in the world. Desalination can also be applied to brackish water (salt and fresh water mixed together) and effluent (liquid sewage waste) and is routinely carried out on ships, submarines, and islands that lack adequate freshwater supplies.

There are two primary methods of desalinating water. The first is by reverse osmosis. In this manner, untreated water is forced through a series of permeable membranes (or filters) under high pressure. The result is water free from high levels of salt and other minerals. This process can be repeated several times to ensure that the water is completely clean and drinkable. The second method of converting seawater to freshwater is by distillation. While there are several different methods of this, the basic process of distillation heats untreated water to a high temperature at a lower atmospheric pressure. This causes the salt and other deposits to leach out, thus leaving clean, treated water. It is akin to evaporation, which causes the removal of water but not the minerals and deposits. The water is recovered and used as freshwater. Reverse osmosis has become the preferred method of desalination because it does not require heat (and thus energy) to convert the water. It is also gentler to the environment than distillation.

There are drawbacks to desalination. Besides the large initial startup costs involved in building a desalination plant, the facilities can also produce by-products that are harmful to the environment. The key by-product of desalination is brine, a slurry of highly concentrated salt and mineral deposits, which must be disposed of. Often, brine is pumped back into the ocean. This is problematic in the Middle East, however, because much of the saltwater there is already high in salt concentrations. The Dead Sea, for example, is nine times as salty as the average ocean. The dumping of brine into the area’s seawater can seriously harm the environment, killing fish, birds, and other species.

Because of the high geopolitical tensions and low supplies of water that are part and parcel of the Middle East, the role of desalination plants is crucial. They not only provide badly needed freshwater but also lower the likelihood of conflict over the control and consumption of natural water resources. As the population of the region continues to increase, water supplies will play an even larger role in the comfort and prosperity of Middle Easterners.
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Desertification




Desertification is the degradation of dryland ecosystems that can result in a loss of biological and economic productivity. It can affect cropland, pasture, and woodland ecosystems. The primary cause of desertification is variability in climate and unsustainable human activities, such as cultivation, overgrazing, deforestation, and poor irrigation practices. But desertification can also be a natural process caused by prolonged periods of drought. If rainfall is substantially below normal levels for extended periods, desertification can occur. As a result, dryland ecosystems are naturally quick to respond to irregular rainfall and are able to survive harsh conditions.

Desertification can lead to decreases in vegetative cover, exposure of rocky ground, increases in sand cover, and salinization of the soil. Today, up to 40 percent of global agricultural land is seriously degraded. It has been estimated that about 75 percent of cropland in Central America, 20 percent in Africa, and 11 percent in Asia is seriously degraded. Many of the people affected by desertification live in developing countries and are poor and marginalized.

By definition, a dryland is an area with limited supplies of freshwater. Drylands have irregular rainfall, and precipitation can vary over years and decades. There are three regions of dryland areas that are classified by precipitation. These areas are the dry subhumid region (about 10% of the global land area), the semiarid region (around 18% of the global land area), and the arid region (12% of the global land area). The susceptible dryland areas cover almost 40 percent of Earth and support a population of more than two billion.

The causes of desertification have been continuously disputed. In the 1960s, desertification was attributed to sectorial development that took place during the colonization of Africa. Then, during the 1970s, it was thought that desertification was caused primarily by climate changes and short-term droughts. More recently, unsustainable human practices driven by economic, political, and social factors are viewed as the primary causes of desertification.

Desertification is caused by direct and indirect influences. Direct causes of desertification include drastic reduction or destruction of perennial land cover and simplification of vegetation structure. This causes a chain of other events that deplete soil, minerals, and the ability of soil to hold water.

The primary indirect causes of desertification are climate factors, technological innovations, economic factors, institutions, national policies, and growing populations. These factors affect environmental and land management decisions, resulting in diminished soil quality, freshwater supplies, and vegetation and crop cover and leading to desertification.

Climate factors such as decreases in precipitation are one of the primary causes of desertification. Reduced rainfall can directly affect the type of land cover during droughts. It can also cause people to adjust the way they use their land, and these land-use changes can indirectly result in desertification.

DESERTIFICATION AND HUMAN ACTIVITY

Technological innovations can also be a major contributor to desertification. Technologies such as motor pumps, dams, and canals often increase water losses and cause irreversible changes to the natural hydrological cycle.

Economic factors such as the drive for market growth and commercialization can lead to activities that cause desertification. During poor economic conditions and prolonged droughts, farmers often overuse and exploit scarce natural resources, causing land degradation. Land management among nomadic people and impoverished people often causes a cycle of resource exploitation of increasing land degradation and increasing impoverishment. Foreign agricultural management models and techniques have also been detrimental to some dryland ecosystems. A commonly cited example is the Aral Sea Basin. Irrigation methods for wetter ecosystems have been deployed there, resulting in desertification.

Policy factors influence land degradation by affecting land distribution, agrarian reform, development production, and agricultural intensification methods. Developing and enforcing laws that protect fragile ecosystems and prohibit impoverished people from overextracting resources is a major challenge all over the world. Land and resource exploitation is often driven by international trade patterns and a demand for cash crops. Increasingly, external actors are exploiting and using land, often leaving local communities without the resources to properly maintain the land.

Overpopulation, population growth, and population pressure also drive desertification. Most dryland areas that are uninhabited by humans and livestock do not undergo degradation or desertification. But the migration of poor cultivators or herders from high-potential growth areas to marginal dryland zones results in high population density in drylands.

As the global average temperature is increasing, desertification is becoming more widespread. Each temperature increase of 3°C in the arid and semiarid regions is estimated to cause a moderate increase in aridity. This leads to shifts of climate zones, including an overall growth in the arid regions of the world.

Efforts to reduce desertification include suggestions to limit development in dryland ecosystems. For sustainable development to occur in dryland regions, the fact that arid ecosystems have a smaller carrying capacity than other ecosystems must be acknowledged. Specific agricultural practices, including deep plowing and the use of fertilizers, can reduce desertification. Other approaches to reducing pressure on the land include using renewable energy and an appropriate scale of irrigation.

Several global initiatives are working to reduce desertification, such as the United Nations Convention to Combat Desertification. There are also region-specific initiatives, such as the African Ministerial Council on Science and Technology, that focus on increasing the scientific study of desertification and establishing research centers. These efforts can help disseminate knowledge to promote practices that reduce desertification.
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Deserts




Although there are various ways to define desert, the widely used Koppen classification system defines desert climates as those averaging at least twice as much potential evapotranspiration as precipitation during the year. The world’s largest nonpolar desert is the Sahara, occupying about 3.5 million square miles of northern Africa. It is part of an arid region that extends through southwestern and central Asia. All continents except for Antarctica contain dry, hot deserts. Australia is usually considered to be the world’s driest continent, because more than 40 percent of its surface is desert, with significant adjacent semiarid land. The long, narrow strip of South America’s Atacama is believed to be the driest land region on the planet, containing locations where many years pass between rainfall events.

Occasionally, modern writers will refer to “polar deserts” because polar climates are some of the driest on the planet. For instance, places in Antarctica’s interior receive less than one inch of precipitation a year. Moreover, the precipitated water is in frozen form, not directly usable by life forms.

TYPES OF DESERTS

Three types of deserts are generally delineated according to their causes. Subtropical deserts, such as the Sahara, inhabit the latitudes between 20 and 30 degrees north and south of the equator. They are caused by the year-round presence of subtropical highs in the Hadley Circulation (the strongest of the earth’s three cells of circulation, formed as warm air rises above the equator and flows northward). The strong descent of air in the subtropical highs precludes significant cloudiness, and these are latitudes in which the solar angles are relatively high year-round. Thus, the subtropical deserts are the hottest places on Earth.

A second type of desert comprises the middle latitude deserts, which include the Gobi Desert. They are caused by the summertime influence of subtropical highs and also lack precipitation because of topographic blockage and/or great distance inland from an oceanic source of precipitable water. The middle latitude locations mean that summer temperatures are not as high, so that the imbalance between precipitation and evapotranspiration is not nearly as great, and the aridity is not as great as in the subtropical deserts. Winter brings cold temperatures and some snow with the passage of middle latitude cyclones.

The third type of desert is coastal desert. Coastal deserts might be subtropical, but their aridity is amplified by their coastal locations. This desert type is found along coasts with cold currents bolstered by upwelling. Air passing over these near-shore waters is cooled and stabilized, sapping any chance to rise to initiate the precipitation processes. Accordingly, these coastal deserts are quite a bit cooler than their inland counterparts. The Atacama and eastern African Namib deserts are examples of this extraordinary dryness.

There are several common misconceptions of the desert environment. One is that they are covered by sand. Dry places have much slower rates of weathering of rocks into the tiny pieces of clay so common in moist areas, so deserts have greater amounts of sand at their surfaces. Yet, sand dunes do not represent the “average” desert surface. It is believed that sand covers only about 15 percent of the earth’s desert surfaces. Rocky surfaces are more common, with high percentages of sand in the soil material.

COMMON FEATURES

Of course, sand dunes are the iconic symbols of deserts. There are several types of sand dunes that are classified based on the local amount of sand supply and the seasonal nature of direction and strength of wind. The world’s tallest dunes approach 1,600 feet (Algeria). The largest stretch of sand surface is the Rub’ al Khali (Empty Quarter) in Asia, covering about 250,000 square miles of southern Saudi Arabia, Yemen, Oman, and the United Arab Emirates.

The fact that wind-crafted sand dunes are associated with deserts does not mean that they are windier places than their moister counterparts. Wind is simply more effective in deserts because of the lack of vegetation to hold soils and small pieces of weathered rock in place. Although sand blown by the wind polishes some desert surfaces, water is a far greater shaper of desert landscapes. In the driest deserts, the abundance of dry stream channels is ample evidence that water erodes and deposits much more total material than wind.

Desert precipitation is noticeably scarce. How dry is a desert? Quantitative definitions are based on precipitation amounts that change with temperature. For instance, Albuquerque, New Mexico, receives a meager precipitation of about 11 inches per year. This renders Albuquerque quite dry, with a natural cover consisting of scattered bushes and grasses. The northeastern portion of the province of Alberta, Canada, has similar yearly precipitation, but it is a land of forest and swamp because of considerably lower evapotranspiration.

A hallmark of deserts is the unreliability of precipitation. There is huge year-to-year variability in the amount and timing of precipitation. In both the subtropical and middle latitude deserts, precipitation is intense when it does come because a great percentage of it originates from convectional storms. This can cause flash flooding, as the normally dry desert landscape is not accustomed to handling major rainfall events.

The popular image of a desert is a hot, dry area devoid of vegetation, but this is a stereotype not uniformly true. Both plants and animals are scarcer and less diverse in deserts than in other realms. Desert plants are very efficient at conserving water, and most desert animals are nocturnal.

Deserts make up about one-third of Earth’s lands and so they have shaped the habitation patterns of the planet. Perhaps 5 percent of humans live in deserts. There are large cities located in deserts (for example, Phoenix, Arizona, and Cairo, Egypt), but these places are able to obtain water not dependent on local rainfall. In the case of Phoenix, the city uses groundwater and an aqueduct bringing water from the Colorado River almost 200 miles away. Cairo is situated on the Nile River, which flows without significant tributaries, bringing water from wet tropics near the equator thousands of miles away.
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Diffusion, Cultural




Cultural diffusion is the dispersion of ideas, practices, technologies, techniques, language, or other cultural attributes throughout space. The process of cultural diffusion has occurred as long as modern humans have interacted, and has perhaps reached its ultimate expression in globalization. Many technological innovations and ideas may have arisen independently, but a very large number of cultural attitudes and characteristics originated in a single location and spread to others.

Diffusion from culture hearths was particularly important in the historical development of civilization. The movement of cultural traits through space can lead to other cultural processes. For example, religious amalgamation is a direct result of cultural diffusion, and it typically results in a new cultural expression of faith. Indeed, diffusion is the mechanism whereby culture evolves and adapts. In the modern world, most cultural diffusion is voluntary, but historically, a great deal of cultural transfer and change was effected by cultural imperialism, when cultural traits from one society were imposed by force onto other societies. This was a common practice during the age of imperialism, when Western, European-based culture was forcefully, and frequently violently, carried to most of the world’s land masses. But involuntary, compulsory diffusion has also occurred in many other eras and been employed by many other cultures.

Cultural diffusion may be inhibited by many factors. Simple distance may prevent the transfer of culture, as a result of the influence of distance decay. Physical features, especially mountain ranges and large bodies of water, historically blocked the movement of people and therefore stood as barriers to the exchange of elements of culture. Political boundaries frequently stop diffusion by prohibiting the passage of people and their cultural identity. And, of course, some cultural ideas or practices may not diffuse simply because they are rejected or ignored by other cultures.

There are two general types of diffusion: expansion diffusion and relocation diffusion.

EXPANSION DIFFUSION

Expansion diffusion happens when a cultural component moves through a given population or society, gradually being adopted by a larger number of people as the area of diffusion increases. Conceptually, this process works through a core and periphery relationship, with the point of origin of the cultural component represented by the core and the diffusion area represented by the periphery. An example might be the diffusion of jazz music in the United States in the 1920s. “Jazz” was a musical style that originated in New Orleans in the first decades of the 20th century, and by the 1920s, it began spreading to other major metropolitan locations as players from New Orleans carried their unique sound to new venues. One of the first cities outside the American South to host a thriving jazz scene was Chicago, and by the end of the decade, most big cities in the United States featured numerous dance clubs playing jazz music. Jazz itself was a product of cultural diffusion, as the music incorporated many diverse elements, ranging from Negro spirituals to French Creole folk music. Jazz also gave rise to still more new innovations in musical style, including swing music, and ultimately the rock and hip-hop music of today.

Expansion diffusion may be further divided into three specific types: hierarchical diffusion, stimulus diffusion, and contagious diffusion.

Hierarchical diffusion involves the spreading of ideas or attitudes from urban centers in one culture to those in another, or in rare instances, even from a single person to others. Over time, the new cultural elements then diffuse from the urban locations into the remainder of society. This type of diffusion is quite common in the spreading and adoption of aspects of popular culture, esoteric religious movements, or in some instances, disease. Hierarchical diffusion is characteristic of the international fashion industry, where the latest clothing styles typically appear in fashion shows in Paris and Milan and then are adopted by designers and consumers in New York, Tokyo, Rio de Janeiro, and other large metropolitan centers around the world.

Stimulus diffusion is a second type of expansion diffusion. With this kind of diffusion, a culture may not adopt a practice or technology completely, but it may adopt a concept and apply it to its own cultural conditions. Probably the most famous example of stimulus diffusion is the construction in 1821 of the written script for the Cherokee language by Sequoia, who had seen written English but did not understand it. He devised an alphabet to represent spoken sounds in his native Cherokee, and in only a few months, many of his people had adopted the writing system.

A third pattern of expansion diffusion is represented in contagious diffusion. Here, new cultural elements are adopted rapidly and en masse, spreading through the population like a highly infectious virus. New movements in popular culture often spread contagiously, especially in the era of visual media and the Internet, when millions of people have almost instantaneous access to outlets that follow and promote the latest trends. In 1964, when the Beatles first appeared on The Ed Sullivan Show, a popular show watched by millions of Americans, their longer haircuts caused controversy. But within a few months, thousands of young American men were wearing their hair in a similar style. The Beatles had changed U.S. cultural standards almost overnight. Before the advent of mass visual media, contagious diffusion of ideas or practices generally required person-to-person contact. An example of contagious diffusion based on personal impact is the spreading of proselytizing religions; a few believers from a given faith encounter nonbelievers and convert them, and then the newly converted, in turn, convert additional followers.

RELOCATION DIFFUSION

Relocation diffusion occurs when a group migrates to a new location and brings a new aspect of culture with them that is adopted by those they settle among. Religions and languages often spread in this fashion, and a good example is the adoption of English in many parts of the world. As British settlers relocated to colonies in the 18th and 19th centuries, their language became the language of administration and higher education, compelling a sizable portion of the peoples they controlled to learn English as a second language. The British empire was so far-flung that today, the effect of this relocation diffusion is that English is a truly globalized language, spoken from North America, to India, to Nigeria, to Singapore. The spread of Christianity followed a similar pattern, except that the area of diffusion was much broader, as several European countries spread their versions of the faith to every corner of the colonial realm.
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Droughts




A drought is a long episode of unusually dry weather due to low amounts of precipitation, reduced stream flow, or inadequate glacier or snow melt. It is capable of causing severe problems, such as water shortages and crop damage, which are among the main causes of lack of food and famine. In fact, the majority of damaging crop failures that lead to famines are the result of drought.

The core of humans’ food supply is agriculture, which depends on the weather. Major famines have happened throughout the world from the time agriculture began to spread around the globe. Drought affects the quality and quantity of crops and the food supply for domestic animals. The resulting loss of milk and meat products makes the negative impact of drought even worse.

The length of the drought, the size of the affected geographic area, and the extent of the water shortage contribute to the seriousness of drought. Drought is a normal, repeating feature of climate in many parts of the world. In the future, as the climate becomes warmer and more changeable, there will probably be an increase in droughts and floods. Rising global temperatures cause higher rates of evaporation, which can result in extreme precipitation in those areas where there is already enough water. On the other hand, increased evaporation in dry regions with limited water could lead to an increase of widespread droughts that could be more intense and last longer than normal.

IMPACTS OF DROUGHT

Many environmental impacts may occur because of drought. Lakes, wetlands, and other wildlife habitats may dry up, which can lead to the loss of plant and animal species. Dry soils can affect how (or even if) plants grow. Dry vegetation, from grasslands to forests, catches fire more easily—and wildfires, which threaten air and water quality while at the same time causing damage to the landscape, lead to the loss of biodiversity and place both human and wildlife populations at risk.

Drought impacts human populations in a number of ways. The use of water has risen greatly during the past few decades as the global population and economies have continued to grow. Agricultural production and the water necessary for domestic and industrial activities are affected by drought because they are dependent on surface water and groundwater supplies. However, natural ecosystems and the people they support are also suffering from a lack of water in many of the world’s river basins. An estimated one to two billion people live in these water-stressed regions. The degree to which a drought affects someone depends largely on where the individual lives. A person’s level of education, income, and age are also contributing factors. Environmental degradation, the level of disaster response, and health-sector preparedness are other elements that determine how badly a drought will affect a certain population.

When farmers are faced with a decrease in crop and livestock production due to drought, those who provide goods and services to farmers are affected as well. These impacts can take the form of reduced income; decreased tax revenue; higher unemployment rates; and higher costs for food, services, and energy. These impacts often include health issues, water-use conflicts, safety concerns, and economic inequalities. Migration of those affected creates a serious challenge for many developing countries suffering from drought. Poor rural farmers often are forced to move to large urban areas in an effort to survive; they often end up living in overcrowded shantytowns on the outskirts of cities, where they are likely to suffer from food, water, and shelter shortages due to the increased demand on the social infrastructure. Increased demand on infrastructure, in turn, leads to increased poverty and economic instability.

Many individuals living in drought-prone areas have diets that are mineral and vitamin deficient. These deficiencies are common as a result of inadequate food consumption that can accompany drought. When malnutrition is present, the odds of catching an infectious disease rise significantly. The lack of rainfall and the resulting stagnation and contamination of lakes, canals, and streams can increase the risk of getting sick. Droughts can not only cause physical and economic harm, but their impact can produce mental problems, including post-traumatic stress, depression, anxiety, and long-term behavioral disorders.

DROUGHT MITIGATION

Faced with the threat of more frequent and intense droughts in the future, governments and other institutions are taking measures to mitigate, or lessen the effects of, these disasters. In the United States, the National Integrated Drought Information System (NIDIS) was established by an act of Congress in 2006. It is supported by a number of different organizations, such as the U.S. Geological Survey, the U.S. Army Corps of Engineers, the Environmental Protection Agency, the U.S. Department of Energy, the National Science Foundation, and the National Aeronautics and Space Administration. The primary purpose of the NIDIS is to monitor, forecast, and mitigate drought through the use of an early warning system, designed to educate and increase public awareness regarding drought.

Globally, the United Nations (UN) is advancing environmental and drought-related education. The UN is teaching people how to conserve soil to keep it healthy and starting reforestation programs to reduce land degradation in drought-prone areas. The UN is also seeking to reduce poverty through the programs aimed at offering different ways of earning a living that can reduce damage to delicate arid, or dry, areas.
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Ecosystems




Ecosystems are communities of living organisms together with the nonbiological parts of their environments. Ecosystems consist of animals, plants, microbes, nutrients, minerals, soil, water, air, weather, light, heat, energy, and other components. There are many kinds of ecosystems on land, in fresh water, and in the ocean.

Key concepts of ecosystems include the flow of energy and the recycling of matter. The primary source of energy for most ecosystems is sunlight, which is used by plants and algae in the process of photosynthesis to produce food. These organisms are referred to as primary producers. The energy then flows through the rest of the food web. Herbivorous animals obtain energy when they consume the photosynthesizers, and carnivorous animals obtain energy when they eat the herbivores. Animals are the consumers in ecosystems. The energy next passes to the decomposers, such as fungi and bacteria, which break down the bodies of dead organisms into chemical constituents. These chemicals provide nutrients for new plant growth.

Chemical elements and molecules flow through the living and nonliving parts of an ecosystem in cycles known as biogeochemical cycles. Such cycles include the carbon cycle, nitrogen cycle, phosphorous cycle, and water cycle. In the carbon cycle, plants absorb carbon dioxide from the atmosphere and use it with water to carry out photosynthesis, creating carbohydrate molecules. Animals take in these carbon-based molecules when they consume the plants, using them for energy and tissue building. Carbon combined with oxygen in cellular respiration makes carbon dioxide, which the animals exhale into the atmosphere. The carbon then becomes available again for use by plants. Some carbon is added to soil as dead organisms decompose, adding to the fertility of the soil.
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A heron takes flight at Carska Bara Special Nature Reserve in Serbia, 2018. The reserve is home to more than 500 plant species, fish, amphibians, reptiles, and 240 bird species. Each species in the reserve contributes to the balance of the ecosystem, as does the water, soil, nutrients, and minerals found within it. (Nenad Nedomacki/Dreamstime.com)

TYPES OF ECOSYSTEMS

Ecosystems can be classified in different ways, depending on the parameters used in classification. Smaller ecosystems are parts of larger ecosystems. For example, a fallen, decaying tree forms a small ecosystem within the larger forest ecosystem. Earth itself can be thought of as one giant ecosystem made of many smaller ecosystems.

      Terrestrial Ecosystems

Terrestrial ecosystems can be grouped into larger classifications called biomes, which are traditionally based on plant species and climate. The biomes that ecologists commonly recognize are discussed below.

Temperate deciduous forests grow in moist, temperate climates, such as in eastern North America and Western Europe. They are dominated by trees that shed their leaves in autumn. Coniferous forests are dominated by cone-bearing evergreen trees. The boreal forest, or taiga, is a type of coniferous forest in cold northern parts of North America and Europe. Tropical rainforests grow in warm, rainy, tropical areas, including in Brazil, West Africa, and Indonesia. They are characterized by dense plant growth, with many tree species at different heights.

Grasslands are flatlands dominated by grasses, with few (if any) trees. They include prairies (such as the Great Plains of North America); savannas (in drier, tropical parts of Africa and South America); and steppes (in semiarid parts of Eurasia). Chaparral is a type of shrubland in coastal California and along the coast of the Mediterranean Sea. It is characterized by hot, dry summers and mild, wet winters. Deserts have low levels of precipitation for most of the year and are found mostly in places with hot climates, such as the southwestern United States and northern Africa. They feature sparse, specialized plant life, such as succulent (water-retaining) cacti. The tundra is found in cold polar regions and in some alpine (mountainous) areas. The soil is frozen most of the year as permafrost, but brief periods of snowmelt support the growth of lichens and short flowering plants.

Ecologists have also developed nontraditional classifications of biomes. Anthropogenic biomes are based on the effects on ecosystems of human activities, such as urban and agricultural development. Such biomes include dense settlements, villages, croplands, and rangelands.

      Freshwater Ecosystems

Freshwater ecosystems may have lotic (flowing water) or lentic (relatively still water) characteristics. Lotic ecosystems include springs, streams, and rivers. Lentic ecosystems include ponds and lakes. Wetlands, with their own distinct characteristics, include marshes, swamps, bogs, and fens. The primary producers in freshwater ecosystems are phytoplankton, algae, and underwater or emergent (partly out of water) plants.

      Marine Ecosystems

Marine, or saltwater, ecosystems cover more area on the planet than any other kinds of ecosystems. The ocean accounts for more than 70 percent of Earth’s surface. Primary producers are marine phytoplankton, algae (such as kelp), and underwater or emergent plants (commonly called “seaweeds”). There are a wide variety of marine ecosystems. Near-shore ecosystems include mangrove forests, salt marshes, estuaries, and various intertidal (between high and low tide) communities. Ecosystems in deeper water include coral reefs and the open ocean (the oceanic zone). Benthic ecosystems—on the ocean floor—include hydrothermal vents. The unique communities at those hot, dark places on mid-ocean ridges have food webs with chemosynthetic bacteria as the primary producers, rather than photosynthetic organisms.

ECOLOGICAL BALANCE AND BIODIVERSITY

Ecosystems naturally exist in an ecological balance, or equilibrium. This allows the species and environment to survive in a generally constant state for long periods, through the normal dynamic processes of population fluctuations and weather events. The balance can be upset by certain disturbances and disruptions, such as the human activities of pollution, habitat destruction, introduction of foreign species, and killing off of native species. Some natural events, such as large fires and floods, can also cause damaging disruptions. In such cases, an ecosystem’s equilibrium may collapse, with drastic changes to its productivity and species composition.

Biodiversity—that is, many different species—helps an ecosystem be resistant to equilibrium disruptions. Species diversity is important because it could allow for multiple species to play similar roles—or fill similar niches—within an ecosystem. If one species were to become extinct, its niche would remain filled by another. Genetic diversity within any given species is also important. It makes the species more adaptable to environmental changes. Conservation efforts seek to preserve biodiversity and ecological balance in order to sustain ecosystem health.
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Ecotourism




The practice of ecotourism is largely focused on nature and wild animals. In a world that is quickly urbanizing and full of environmental catastrophes, many people seek out an ecotourism experience because they are able to encounter wild animals without harming local environments or peoples. In fact, ecotourism’s focus on protection means it is an important element in the preservation of (endangered) animal species.

The term “ecotourism” can be traced back to the late 1960s and early 1970s, when it arose as a consequence of dissatisfaction with mass tourism. Mass tourism favors a strictly profit-centered approach, often ignoring the social and ecological impacts of people visiting a particular destination. In contrast, ecotourism aims for tourism that impacts the environment minimally, protects animals, and respects and benefits host cultures. At the same time, it gives tourists an educational experience and maximum recreational satisfaction.

Altogether, the ecotourism model is meant to be ecologically and socially responsible and sustainable. With a very strong focus on the tourists’ interactions with animals that live in nature, ecotourism is often built on human-animal relations.

Creating a national park, for example, attracts tourists who want to see wild animals and are willing to pay to enter the park. Because of this financial return, the animals create an income for poor local populations, which leads to a different type of engagement between various local, indigenous groups of people and the animals. Protected parks include the world-famous ecotourism destination Maasai Mara National Reserve in Kenya and the adjoining Serengeti in Tanzania. These parks have been set aside for tourist use, resulting in many tourists passing through the area to watch for large predators and other African mammals. Most of the Maasai people have never been into these parks themselves. But some of them are able to get jobs at a park and profit financially from the wild animals.

Before ecotourism became the focus of these parks, the local communities were often excluded from tourism initiatives and were further disadvantaged because they had to leave their lands so the national park could be created. Today, when Maasai speak to tourists, they explain that wildlife has now become a source of income that they need to protect.

BENEFITS AND LIMITATIONS

Ecotourism, despite its very broad and good intentions, has its limitations and cannot always satisfy everybody, either human or animal. For international nongovernmental conservation organizations, ecotourism can be a means to save and protect natural habitats and animal species. For ecotourists, it can provide an interesting travel destination where they can encounter wild animals in nature in a sustainable way. For tour operators, it can increase their green, ecofriendly image through marketing. For countries, it can be a welcome addition for their national economies. And for local inhabitants, ecotourism can be a provider of jobs. But for other local people, it can also mean that they lose land. Their traditional homes have been converted to parks where visitors do not expect to see people, thereby creating poverty.

When indigenous people lose grazing or gathering lands, this, too, changes their relations with the animals that live in their environment. In the Masai Mara and Serengeti, local Maasai will explain to tourists that they do not hunt for wild meat. However, it turns out that this still happens, because they must provide for their families—the fact is that, while couched in ecotourist ideals of supporting local peoples, the revenue from ecotourism bypasses most Maasai. Only a small number are able to profit from the wildlife financially, while the majority experience various restrictions due to ecotourism regulations.

Costs are also felt by animal species. While animals are often protected through ecotourism, they can also be disadvantaged. For example, studies of boat tours to watch whales and dolphins have increasingly been shown to affect the behavior and stress levels of these large sea mammals, sometimes even causing deaths. This type of tourism, often considered ecotourism, has become a troubling activity.

Along these same lines, it was also found that wild dolphins in an Australian resort that were fed every day for tourists became dependent on the food from humans. This created lower birth rates and a shorter life expectancy. The financial value of animals increases even more in the case of trophy hunting. In countries like Botswana and Canada, wealthy tourists shoot large mammals (such as elephants, antelopes, or polar bears) for sport so they can have the animals mounted on the walls of their homes. This is often considered ecotourism by hunting operators and tourists because the revenues that it creates are partly returned to local communities and conservation activities.

Altogether, ecotourism is an instigator of change, and its value depends on a person’s viewpoints, values, and socioeconomic position. All these different interests are important aspects of the changes that ecotourism can bring to human-animal relations.
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El Niño and La Niña




El Niño and La Niña are opposing weather patterns that originate around the equator in the central to eastern Pacific Ocean. They occur every two to seven years and are the result of variations in ocean temperatures. Climate scientists have named these weather patterns the El Niño Southern Oscillation (ENSO).

EL NIÑO

El Niño is the warming effect in the equatorial Pacific. The Spanish phrase El Niño literally means “little boy.” The phrase is commonly used to refer to Jesus as a baby and infant. As early as the 17th century, fishermen on the western coast of South America detected the warming trend of El Niño but could not pinpoint the cause. Because these fishermen noticed the warming trend around December, they named it to coincide with Jesus’s presumed birth on December 25.

El Niño works by hastening the movement of warm equatorial waters in the eastern Pacific Ocean to both South and North America. Note that the equator runs through South America but that North America, particularly the United States and Canada, is well north of the equator. Nevertheless, the effects of El Niño radiate well north of the equator to warm the subsequent year for people in the temperate zone of North America. The winter of 2015–2016 provides a good example of an El Niño effect. Consider Ohio in the United States, a state ensconced in the temperate zone. Snowfall that winter fell markedly below the levels of the last several years. Ski resorts were desperate to produce sufficient snow in this environment. Even cold spells seldom plunged the temperature below 20° Fahrenheit. In sum, the winter was mild when compared to other winters.

LA NIÑA

La Niña, as mentioned earlier, is a weather phenomenon that opposes El Niño. La Niña involves the movement of the warmest equatorial waters west and away from South America, just as El Niño had pushed these waters east and toward South America. In the case of La Niña, the movement of the warmest waters west leaves only cooler waters near South America. The result is cooler weather for roughly the next year in the American tropics, subtropics, and temperate zones. During La Niña, it is never cold enough for snow to fall in the tropics. The subtropics may be a different matter. In some La Niña years, frost has affected citrus trees in south Florida. Because no citrus tree can tolerate a hard frost, such events have cost growers millions of dollars in losses and the need to replant acreage. In such cases, La Niña has the power to disrupt the economy, or at least an important sector of it.

La Niña patterns are not entirely uniform. In the southeastern United States, winters may actually warm during an episode. In that region, then, La Niña and El Niño may produce indistinguishable results—that is, weather warms in both instances. Episodes in the southeastern region should not detract from the overall cooling that La Niña produces. Both La Niña and El Niño modify the location of warm equatorial waters in the Pacific Ocean and so gain strength from their origins as tropical events.
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Endangered Species




Endangered species are animal and plant species that are threatened with complete disappearance from the planet, or extinction. Scientists estimate that as many as 30 million species, primarily insects and marine invertebrates, currently exist on the earth. To date, only about 5 percent of them have been named and identified. The number is thought as only a small percentage of the species that have inhabited the planet during its millions of years of history, perhaps 1 percent of as many as four billion. Some species have disappeared because of natural cataclysmic events like glacial movements or volcanic eruptions, whereas others have gone extinct as a result of human actions and intervention.

Estimates of the current rate of species extinction vary considerably and largely depend on the period of time covered. From 1600 to 1980, for example, nearly 200 vertebrate extinctions were documented, over half of them birds. But since 1980, factors like pollution, hunting, pesticide use, and habitat destruction have led to the extinction of as many as 1,000 species per year, primarily in tropical regions. Scientists from the World Wildlife Fund and the Zoological Society of London report that wild animal populations fell by 58 percent between 1970 and 2012. The same scientists estimate that number will reach 67 percent by 2020, primarily because of destruction of natural habitats, hunting, and pollution.
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The Amur leopard is a critically endangered species found in far eastern Russia and northern China. This rarest of leopards is threatened by poaching, habitat degradation, as well as human development. (Galinasavina/Dreamstime.com)

LEGAL PROTECTION IN THE UNITED STATES

Although wildlife species have been protected since Roman times, modern attempts to protect endangered species did not occur until the mid-19th century, when statutes protecting specific animals were enacted. However, species were not protected because of their role in the ecosystem but rather because they represented an important food source. It was not until the 20th century that the U.S. Congress began to protect species for reasons of biological diversity. Congress initially protected migrating birds because of pressure from hunters, but by the early 1960s, the momentum of the emerging environmental movement caused researchers to take a closer look at plants, animals, and invertebrates as well.

The first U.S. statute to focus directly on protection was the Endangered Species Preservation Act of 1966. The law, which was revolutionary for its time, called upon the secretary of the interior to develop a program to protect, restore, and propagate selected species of native fish and wildlife. The selection was based on the government’s consultation with researchers to determine which species were “threatened with extinction,” but there were no regulations to stop anyone from harming or killing each species or for trading or selling them for by-products, including as feathers or hides.

By 1969, Congress realized that the existing law limited protection to U.S. species and did not provide sufficient resources for those that were protected under the 1966 law. The Endangered Species Conservation Act expanded the definition of protected species and required specific procedures for listing. In 1973, the law was amended again to require all federal agencies to take steps to conserve endangered species, broaden the definition of wildlife to include any member of the animal kingdom, and create two classes of protection: one for those considered threatened with extinction in the foreseeable future and one for those considered endangered throughout all or a portion of its range. Formal procedures for designating species as endangered or threatened were developed, along with a requirement to create a recovery plan to reverse threats to the species’ survival. In 1977, the first four plant species were included in the listing process.

INTERNATIONAL PROTECTION

Another important feature of the 1969 legislation was a provision directing U.S. officials to convene an international meeting on endangered species before June 30, 1971. The deadline was not met, but in 1973, an international agreement, the Convention on Trade in Endangered Species of Wild Flora and Fauna (CITES) was produced. The United States was the first country to ratify the convention in 1974, and there are now more than 160 parties who have agreed to abide by its provisions. CITES only covers trade in species, not conservation or habitat protection, so it is much less protective than U.S. law. However, it has been supplemented by other international agreements on whaling and biological diversity that have gained global support and recognition. The paradox of attempts to protect endangered species is that it is likely that listing will not occur until the population is so low that recovery may not be possible.

At the end of 2018, the U.S. Fish and Wildlife Service listed nearly 2,000 endangered animals (vertebrates and invertebrates) on its website, with another 300 listed as threatened. Despite tracking on endangered and threatened species, there have been cases when the government made such slow progress in developing and implementing recovery plans that a species actually went extinct while waiting to be listed. At the international level, the future looks even less promising. Because CITES has no requirements related to habitat, destruction in some of the world’s most fragile ecosystems continues almost unabatedly, with developed countries able to do only little to help.
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Energy Efficiency




Energy efficiency refers to using a minimal amount of energy to produce the same result in things like appliances, vehicles, and buildings. Achieving energy efficiency has become a necessity in a world of increasing awareness over limited resources, growing energy costs, and the impact of energy use on the environment. Energy can be achieved through the development and application of practical and innovative technology. It is often, but not exclusively, paired with shifts toward using renewable energy resources. Energy efficiency can be established through small and large measures and is linked to building methods, heating and cooling systems, and lighting sources. Although there have been many proactive moves toward achieving greater energy efficiency, most experts agree that much more could be done in the realm of more efficiently utilizing energy.

ACHIEVING EFFICIENCY

The issue of energy efficiency is one that strikes industry, households, and government regulators. Within the field of modern industrialism, activists for energy efficiency have called upon companies to implement new technologies that use energy more efficiently. Changes in building methods, lighting resources, heating and cooling systems, and appliance can create more efficient energy systems. Moreover, companies may use landscaping, window placement, and sustainable energy sources to not only conserve energy but also dramatically lower their fuel costs and reduce the carbon footprints of their businesses. The U.S. Department of Energy (DOE) recommends strategic placement of trees, hedges, and grass that could provide shelter from summer heat and winter winds, maintain low levels of noise and air pollution, and limit the amount of water needed to sustain growth; such planning could potentially decrease energy use by 25 percent.

Within households, similar changes may be implemented to great effect. Switching to Energy Star–rated appliances, making changes to insulation and other building materials, and using compact florescent light bulbs (CFLs) over incandescent ones may allow everyday citizens to achieve far greater energy efficiency than they currently do. According to the DOE, weatherizing one’s home by sealing cracks and holes to prevent hot or cool air from entering one’s home could decrease heating bills by as much as 32 percent. CFLs require about 75 percent less energy than incandescent light bulbs; replacing one’s home with CFLs can yield considerable savings. Moreover, consumers who select cars with greater fuel efficiency and maintain their automobiles according to service recommendations will also witnessed improved energy efficiency in transportation.

ADVOCACY

Many activists choose to focus in their quest to advance energy efficiency through government regulation. Nongovernmental organizations, such as the International Energy Agency, have called on governments around the world to adopt standards that would make the application and development of energy efficient appliances mandatory in business and the consumer marketplace, and to switch to building methods that use less energy without sacrificing comfort. Public awareness campaigns, moreover, have been promoted by governments to urge people to adopt energy-conserving habits, such as turning off lights in rooms that are not in use, unplugging so-called “vampire” appliances that continue to draw energy even when turned off, “weatherizing” the home to make it less susceptible to energy loss, and using standby modes on computers and other machines that are not in active use. All these efforts illustrate that there is a genuine move toward energy efficiency awareness in public and private levels of society.

Nancy L. Stockdale
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Environmental Determinism




A highly controversial theory, environmental determinism has influenced geographical thought for many centuries. It became a dominant philosophical approach in American geography in the late 19th and early 20th centuries. Environmental determinism, in its simplest form, argues that human cultural traits are either determined or at least strongly influenced by the physical environment in which culture originates. It is a theory with strong elements of ethnocentrism.

The foundations of the theory may be found in the writings of many ancient thinkers, dating back at least to the ancient Greeks. Herodotus, for example, linked the physical environment of some of the peoples he described to cultural characteristics he (allegedly) observed; centuries later, Aristotle argued that climate had a strong influence on human character and behavior. The Greek geographer Strabo, who lived at the beginning of the common era, continued this tradition, suggesting that peoples who lived in warmer climates lacked energy and initiative, while those who lived in cold latitudes were less intelligent. And the deterministic view was not confined to European thinking—the medieval Arab geographer Ibn Khaldun was convinced that the differing mental and cultural qualities between urban and rural dwellers were due to the “fact” that living in a city made one more intelligent than living a nomadic existence.

During the Enlightenment, perhaps the most influential proponent of environmental determinism was the French philosopher Charles Montesquieu, who believed that climate greatly shapes the nature of human society and even proposed that various political systems were the product of the climates in which they developed. Tropical climates, in the view of Montesquieu, invariably led to the emergence of despotic regimes and spawned slavery, whereas more moderate climates (meaning the climate of Europe) gave rise to democratic systems. Montesquieu’s ideas were widely accepted by European scholars of the time and would subsequently influence some of the most important social scientists of the 19th century.

In the late 19th century, the impact of Charles Darwin’s theories on evolution and natural adaptation shifted from the natural sciences to the social sciences, resulting in the collection of theory generally termed “social Darwinism.” Leading proponents of this perspective in history, anthropology, geography, and other social sciences grounded their thinking in Darwin’s concept of “natural selection.” These scholars reasoned that if the ability of a species of plant or animal to survive was determined by that species’s capacity to adapt to changes in the environment, then the same must hold for human societies. Indeed, according to many of this school of thought, the very characteristics of human civilizations must be shaped largely by the natural environment, just as the physical attributes of an animal were determined by its surroundings, according to Darwinian principles. Examples of the application of social Darwinism to geographical scholarship at the time abound.

Rudolf Kjellen, a Swedish political geographer, argued in his most influential work, The State as a Living Organism (1916), that the law of natural selection applies to political states as well as to biological species and that countries typically engage in a competition of the “survival of the fittest” in which one state “naturally” conquers and absorbs weaker neighbors. Kjellen’s thinking was deeply influenced by the work of Friedrich Ratzel, a German social Darwinist who developed a life-cycle theory of the political state. Such theories were, of course, used to justify the expansionistic, aggressive foreign policies that underlay European imperialism, and they rested on the notion that some states or cultures were “inferior” due to the natural environment that surrounded them, and therefore their conquest by stronger states was simply part of a “natural” process. By the early 20th century, the theory of environmental determinism had acquired overtly racist and chauvinistic elements, and this trend continued until World War II.

One of Ratzel’s students in the late 1800s was a remarkable young American woman named Ellen Churchill Semple. Probably more than any other individual, Semple was responsible for bringing Ratzel’s ideas regarding the life cycle of states and the influence of geography on civilization to the American geographical community. Semple taught at both the University of Chicago and Clark University, and her writings shaped geographical discourse in the United States for several decades. Many of her contemporaries were already examining the concept of “geographic influence” on human activity and history, and Semple’s work provided significant momentum to this effort. One of Semple’s more controversial positions held that religion is an outgrowth of natural forces and phenomena, a notion that had its origins in the philosophy of both Montesquieu and the French scholar Ernest Renan.

Other American geographers took environmental determinism considerably further, most notably Ellsworth Huntington, a well-known scholar at Yale University who published numerous articles and books on the subject. Huntington’s book Civilization and Climate (1915) was read not only by academics but also by the general public, and he possibly did more to popularize the concept of determinism than any other American scholar. By the 1920s the “scientific” basis of environmental determinism was widely accepted by many in the United States. At about the same time, ideas associated with environmental determinism emerged in the new field of geopolitik, or geopolitics, in Germany. The main proponent of this new approach was Karl Haushofer, a professor at the University of Munich. A German nationalist, Haushofer’s publications and lectures may have reinforced the racial and ultranationalist views of some of the leaders of the National Socialist (Nazi) Party. Rudolf Hess, one of Adolf Hitler’s close associates, studied under Haushofer. Moreover, the fundamentals of geopolitik were well-known to many who passed through the halls of the University of Munich in the 1920s and 1930s.

POSSIBILISM AND PROBABILISM

By the 1930s and 1940s philosophical responses to environmental determinism had begun to appear in some academic circles on both sides of the Atlantic. In the United States, the influence of Carl Sauer and the Berkeley School of geographers offered a counterview to the determinists. While acknowledging that the physical conditions a group faced imposed certain limits, Sauer and his supporters argued that environmental determinism placed too much emphasis on the inevitability of natural influence. At the same time, the determinists failed to recognize the enormous capacity of human beings to not only adapt to environmental challenges, but also human ability to alter the impact of the environment through technological advancement. Most of the Berkeley School scholars were advocates of the theory of possibilism to one extent or another, a movement that also had support in some corners of Europe, especially after World War II. Possibilism holds that there are many possible responses that a culture may make to the limitations the natural environment may impose, and that cultural attributes are not “determined” by physical geography, only shaped by such forces. In this context, many of the adherents of the Berkeley perspective stressed the approaches and methodologies of cultural ecology.

Somewhat later, another theory emerged that represented something of a compromise between these two perspectives. Probabilism contends that while the environment does not determine the qualities of human cultures, it nevertheless makes some outcomes more likely than others. Although environmental determinism lost much of its influence in geography over the last 50 years, and few geographers today would claim to completely support the theory, the debate continues to rage in academic geography over the degree of direction that physical conditions may have on the development of human activity.

Reuel R. Hanks
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Epidemics




An epidemic is an occurrence of an infectious disease that spreads rapidly, often affecting very large numbers of people over a wide area and resulting in numerous fatalities and considerable social disruption. Epidemics have had major impacts on populations throughout history. Some of the best-known epidemics in history include the bubonic plague epidemic, or Black Death, that struck Europe in the 14th century and the Spanish flu epidemic that is believed to have caused as many as 75 million deaths worldwide during and after World War I.

Epidemics are usually defined by comparing death rates during disease outbreaks to normal, long-term death rates. The term “pandemic” is used to describe an epidemic that occurs over a very large area. Thus, the Spanish flu epidemic of 1918–1919 has been referred to as a pandemic. The term “epidemic” has also been applied to diseases and social disruptions with long-term or indirect impacts on populations, such as criminal activity, diabetes, alcoholism, and obesity.

Epidemics often occur when diseases strike populations that have little or no immunity to the viruses, bacteria, or other agents that cause disease. Many epidemics, such as influenza, involve contagious diseases. Others involve diseases, such as bubonic plague, that are spread by contact with insects and other pests. Consumption of infected food or water can also result in epidemics. For example, outbreaks of cholera result from people consuming food or water infected with bacteria that cause the disease. Such epidemics are often associated with a lack of sanitation and public health.

HISTORIC EPIDEMICS

Epidemics can have substantial effects on populations, sometimes over very large areas. The Justinian Plague, which occurred in 541–542 CE and got its name because it occurred during the reign of Emperor Justinian, had major and long-lasting impacts on the Byzantine Empire. The plague is estimated to have killed between 25 million and 50 million people—as many as one-half of the world’s population at the time—and recurred for two centuries. Some historians believe the plague contributed to the decline of the Byzantine Empire because it caused a shortage of laborers and soldiers and severely affected the empire’s economic and military success. Byzantine historian Procopius (b. 500 CE) wrote that the death toll from the plague reached first 5,000 per day and then 10,000 and even more per day.

The Black Death, caused by the same type of bacterial organism that caused the Justinian Plague, killed as many as one-third of Europe’s people during the 1340s and 1350s. When Europeans arrived in the western hemisphere, they brought with them such diseases as tuberculosis and smallpox, to which indigenous populations had no immunity. In some areas, as many as 90 percent of indigenous North Americans succumbed to these diseases during the first decades of European colonization.

A more recent epidemic example is the 2009 influenza epidemic that affected people throughout the world. The epidemic was caused by a strain of the H1N1 flu virus that was responsible for the Spanish flu epidemic of 1918–1919. The disease was called “swine flu” as it was first reported in domestic pigs before it affected humans. Although the World Health Organization estimated that 18,000 deaths were caused by this epidemic, other estimates put the death toll at between 300,000 and 500,000 people. One reason for the vast difference in estimates is that many people, especially in less developed countries, were infected and died without medical treatment.

Where the strain of the H1N1 virus originated is unknown. However, significant numbers of cases were reported in Mexico in January 2009. From there, the disease spread quickly to the United States and to other parts of the world. Between 50 and 90 million people contracted the disease worldwide. The highest cause-specific death rates were reported in Latin America, where the infection rate was 20 times that of Europe.

PREVENTING EPIDEMICS

In general, the impacts of epidemics have been reduced over the past two centuries. Once the causes of epidemic diseases were identified, vaccinations and other measures to prevent outbreaks were implemented. Cures were developed in order to treat victims of these diseases who might otherwise have died. Such public health measures as sanitization and quarantine were adopted to slow the spread of diseases. Thus, the control of epidemics was related closely to improved health care and the spread of medical technology, as well as the improved sanitation that accompanies industrialization.

Epidemics, however, continue to affect people throughout the world. Many are caused by viruses and other agents to which immunity is limited, in some cases because of mutations. For example, the global epidemic of HIV/AIDS is believed to have claimed about 30 million lives worldwide since the first cases were reported in 1981. Medical research directed at isolating the causes of HIV/AIDS, preventing its spread, and treating its victims is ongoing.

Fred M. Shelley
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Equator




The equator is an imaginary line on Earth’s surface at 0° latitude, at equal distance from the North and South geographical poles (each at 90° latitude). It divides the globe into Northern and Southern hemispheres. The equator marks the middle region of Earth’s tropics, which represent the warmest parts of the planet and the homes of abundant plant and animal species. The northern and southern boundaries of the tropics are, respectively, the Tropic of Cancer and the Tropic of Capricorn (each at about 23.5° latitude). All round celestial bodies—including the moon, the sun, and other planets—have their own equators, each with its own special characteristics. This article describes basic characteristics of Earth’s equator.

The equator measures about 24,901 miles (40,075 kilometers) in length around the planet. This circumference is somewhat greater than Earth’s average circumference, because the planet bulges slightly at the equator. This bulge is caused by the effects of Earth’s rotation, or spin, around its axis. The rotational speed of a given point on Earth’s surface is greater at the equator than elsewhere. The bulge means that Earth’s surface at the equator is farther away from the planet’s center than are other places on the surface. Because of this distance, the force of gravity is slightly weaker at the equator. The weaker gravity and the added momentum gained from the rapid spin make locations near the equator ideal places for launches of rockets and spacecraft.

Most of the equator is across the Atlantic, Indian, and Pacific Oceans. The equator crosses the land of 13 countries. In Africa, the countries are Democratic Republic of the Congo, Gabon, Kenya, Republic of the Congo, Sao Tome and Principe, Somalia, and Uganda. In Asia and Oceania, the countries are Indonesia, Kiribati, and the Maldives. In South America, the countries are Brazil, Colombia, and Ecuador.

An imaginary plane extended outward from the equator into space marks a line in the sky, around the entire planet, referred to as the celestial equator. Two times per year, the center of the sun appears to pass directly through the celestial equator. At these times, Earth’s axis becomes perpendicular to the sun, rather than tilted away or toward the sun (as it is the rest of the year). During these so-called equinoxes, the sun appears to be directly above the equator, and the lengths of day and night are equal. The vernal, or spring, equinox usually occurs on March 20 or 21. The autumnal equinox usually occurs on September 22 or 23.

CLIMATE

Tropical regions are the warmest regions of the planet throughout the year, because the sun remains nearly directly above the surface there. Near the equator, solar rays essentially move straight down through the atmosphere to strike the planet’s surface with all their energy. By contrast, solar rays in more northerly or southerly latitudes move at angles through the atmosphere before reaching the surface, resulting in a spreading out of the rays and a loss of energy for the radiation. Thus, equatorial areas receive more solar radiation, or heat, than any other parts of the planet.

Seasonal differences in temperature near the equator are minimal, with an average annual midday temperature from 86°F (30°C) to 95°F (35°C) in lowland regions. However, temperature varies with geological elevation. Some mountainous spots near the equator, such as Mount Kilimanjaro in Tanzania and Cayambe volcano in Ecuador, have snow and ice on the ground.

Humidity levels and rainfall amounts are generally high in tropical regions, with annual rainfall greater than 100 inches (254 centimeters) in many areas. Rainfall may vary during the year due to the effects of ocean and atmospheric currents. The rainiest times of the year in tropical areas are commonly called monsoon seasons, especially in Asia. Dry seasons are relatively brief.

BIOLOGY

The fairly consistent warm, rainy climate of equatorial and tropical regions has allowed the development of abundant and diverse plant and animal life. The rain forests of tropical land areas and the coral reefs of tropical marine areas have greater biodiversity than any other kinds of ecosystems.

The largest tropical rain forest is in the Amazon Basin in Brazil. Other large rain forests are in West Africa and Indonesia. Biologists estimate that there are from 5 million to 10 million species of insects in tropical rain forests. An estimated 40% of the world’s plant species and at least 30% of bird species live in tropical rain forests. As many as 950,000 multicellular species may live in coral reefs.

A. J. Smuskiewicz
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Eratosthenes




Eratosthenes of Cyrene, one of the premier scholars in Hellenistic Alexandria, produced the first accurate estimate of the circumference of the earth. As the chief librarian of the famous Library of Alexandria in Egypt, he engaged in an extraordinary range of scholarly pursuits.

Eratosthenes was born in the Greek city of Cyrene in North Africa around 285 BCE (some sources say 276 BCE). At that time, Cyrene was part of the wider Hellenistic Greek world and was under the control of the Ptolemaic dynasty, the Macedonian dynasty that inherited Alexander the Great’s Egyptian territories. Eratosthenes studied in Cyrene with the great poet Callimachus. He then moved to Athens at some point and studied with the scholars Arcesilaus and Ariston of Chios. He evidently proved his worth as a scholar, because King Ptolemy III Euergetes invited him to Alexandria to serve as royal tutor. Eratosthenes soon succeeded Apollonius of Rhodes as the head of the Library of Alexandria, the foremost collection of learning in the ancient world.

Eratosthenes was a prominent member of the Cyrenaean intelligentsia that thrived in Alexandria in that era; its most famous member was Callimachus. Eratosthenes used his versatile mind and the resources at the library to address a wide range of intellectual pursuits. He published books on subjects ranging from literary theory to mathematics and composed several books of original poetry as well. His contemporaries gave him the nickname “Beta,” which apparently meant that he was the second-best scholar in every field of learning. That might perhaps have been a backhanded compliment in some ways, but it was certainly also a testament to the range of his intellect.

Eratosthenes was an active researcher of astronomy, geography, and mathematics, and it was in the combination of those three fields that he conducted his most famous experiment. Greek scientists had thought for centuries that the earth was curved, but no one had been able to determine its circumference with any accuracy. Eratosthenes devised an ingenious solution. Noting the difference in shadows on the ground in Syene (near modern Aswan) and Alexandria, 5,000 stades to the north (the stade was a Greek unit of measurement) at exactly the same time of day, he realized that a geometric calculation using very careful measurements at the two sites could yield an estimate for the circumference of the earth. The estimate he arrived at was 250,000 stades. While it is not known exactly what length of stade Eratosthenes was using, some scholars think that estimate equaled 31,300 miles. Given the resources of the time, the estimate is astonishingly close to the actual circumference of the earth.

Eratosthenes’s number was considered one of the best estimates of the circumference for many centuries to come. The estimate of Earth’s circumference was not Eratosthenes’s only contribution to geographical knowledge; he also added to the library’s learning on foreign peoples, saw to the creation of more accurate maps, and provided a very accurate estimate of the angle that the circle of zodiacal constellations makes with the celestial equator.

Eratosthenes was a talented mathematician as well; the great Syracusan mathematician Archimedes addressed his work Methodus to him, a mark of great respect. Eratosthenes’s most famous mathematical contribution was the so-called sieve of Eratosthenes, a clever device for identifying prime numbers. To use the sieve, the student writes down a series of consecutive integers and then crosses out every multiple of 2, then of 3, then of 5, and so on until only the prime numbers are left.

Very few of Eratosthenes’s works have survived into the present day, so the full extent of his intellectual contributions is not entirely clear. In the field of literary criticism, he composed the treatise On Ancient Comedy, which was 12 or more books long. In the field of history, he attempted to provide a systematic chronology of events in the Greek world, using only known historical facts, like the dates of Olympic Games, to provide a framework. He began his chronology with the first certain event in history, the fall of Troy (which is now considered to be at least semimythological). He published several works of philosophy that earned him both the respect and the criticism of his contemporaries, but unfortunately, little is known of his beliefs in that regard. There are likewise few examples of his poetry, although his works On the Duplication of the Cube and a poem about Hermes suggest that he shared some stylistic similarities with other such Alexandrians as Callimachus and Apollonius.

Eratosthenes died in Alexandria around 194 BCE. He reportedly committed suicide by starving himself after he went blind.

Ryan Hackney
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Erosion




Erosion occurs when something such as water, ice, or wind, called an agent of erosion, picks up and transports rocks and weathered material, or sediments, to another site. When, for whatever reason, the sediments can no longer be carried by the agent of erosion, they are deposited.

FLUVIAL EROSION

Fluvial processes involve erosion, transportation, and deposition by running water, rivers, and streams. Although several factors influence erosion and deposition, in general, rapidly flowing rivers are capable of picking up (eroding) and transporting a lot of sediment. The faster the flow is, the larger the particle size that can be carried. Erosional processes dominate in mountains or hilly regions where stream flow is rapid. As running water decreases its speed, the river first loses its ability to carry the largest particles. Boulders, rocks, and gravel are deposited first, followed by sand, silt, and mud. Fluvial deposition, therefore, is primarily stratified, or layered according to sediment size, which may eventually create layers of different sized sedimentary rocks, such as sandstone, siltstone, and shale. Depositional processes dominate in flat landscapes.

GLACIAL EROSION

Glacial processes involve movement of ice masses over land surfaces. In places where the climate is either too cold or too snowy for winter snow to melt during the summer, the snow continues to accumulate, eventually turning to ice. When the ice mass becomes thick and heavy enough, it begins to slowly flow (maybe only inches each year) due to its own weight. In a mountainous area, the glacier flows downslope, confined to a valley, and is termed a valley glacier or alpine glacier. Moving ice that accumulates on a continent and is not confined to a valley is termed a continental glacier. It spreads in all directions over the landscape like a semisoft chunk of butter on a table top being pushed down from the top. The edges of the continental glacier are not smooth but convoluted into lobes, like fingers spreading out from the center. Both types of glaciers erode as they flow, gouging the valley or scraping the underlying landscape and incorporating the rocks and debris haphazardly into the ice.

It is important to emphasize that glacial ice is always moving away from its area of accumulation, acting like a conveyor belt carrying rocks and debris. Movement of the “conveyor belt” never reverses direction. Where the leading edge, or front of the glacier, reaches warmer climates, either due to lower elevation or lower latitude, the rocky and muddy debris inside the ice is deposited as the ice melts. Unlike rivers, however, which sort sediments by size, the glacial ice does not. The debris, called glacial till, is dumped in unsorted, jumbled piles. As long as the rate of accumulation of snow and ice exceeds the rate of ablation (all processes, including melting, where ice is lost), the glacier’s front will continue to move away from its source, both eroding and incorporating the newly deposited till. If the climate changes and the rate of accumulation equals the rate of ablation, the ice front will remain stationary. Till will accumulate in the same location, building moderately high hills called moraines. When the rate of accumulation is less than the rate of ablation, the ice front will retreat, or melt back toward the source, depositing till as it goes. Various factors affect the ways that glacially till is deposited, resulting in several different types of landforms.

WIND EROSION

Wind processes are most common in sandy deserts or coastal regions, where wind picks up and transports sand, silt, clay, and smaller size sediments. Except within a few feet of ground level, where rock may be scoured by windblown sand, wind rarely erodes solid rock. Sand is too heavy for even strong winds to carry very high or for long distances, but dust may be swept thousands of feet into the atmosphere, causing dust storms. In extremely arid climates and over extended geologic time, windblown sand dune accumulations can become thousands of feet deep and solidified; the wind-deposited sandstones of the Colorado Plateau in the United States are an example.

Joyce A. Quinn and Susan L. Woodward
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European Union




The European Union (EU) is an organization of 28 European nations that have relinquished some national sovereignty in return for collective representation on certain continental and global issues. The EU is the world’s largest single economic market, within which people and goods can move freely across national borders.

The EU comprises Austria, Belgium, Bulgaria, Croatia, Cyprus, the Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, and the United Kingdom. Serbia, Montenegro, and the former Yugoslav Republic of Macedonia, which, like Croatia, formed after the Balkan wars of the 1990s, are in the process of qualifying to join the EU. Turkey has also begun the process of gaining admission. Twenty-three official languages are used to conduct EU business—Bulgarian, Czech, Danish, Dutch, English, Estonian, Finnish, French, German, Greek, Hungarian, Italian, Irish, Latvian, Lithuanian, Maltese, Polish, Portuguese, Romanian, Slovak, Slovenian, Spanish, and Swedish.
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The European Union is an organization made up of 27 countries that have a free trade agreement in which people and goods can move across the borders of member countries without border checks and without taxes. (ABC-CLIO)

There are three main criteria for becoming an EU member. Politically, a prospective member must have a stable government to guarantee democracy, the rule of law, human rights, and the protection of minority populations. Economically, candidate countries must have market economies equipped to deal with competitive outside pressure and EU market forces. In addition, a candidate for membership must adhere to the aims of the EU and adopt the entire body of EU law into its national law.

The Charter of Fundamental Rights of the European Union, approved in 2000, lists the various rights that must be granted to citizens of EU member states. The charter was modeled after the United Nations’ Universal Declaration of Human Rights (1948) and the European Convention on Human Rights (1950). The United Kingdom, Poland, and the Czech Republic officially opted not to be bound by the charter.

DEVELOPMENT OF THE EU

What is now the EU began in 1951 with the goal of eliminating the rivalries and warfare that had plagued Europe for centuries. The original coalition of countries, known as the European Coal and Steel Community (ECSC) brought together former enemies France and Germany as well as Belgium, the Netherlands, Italy, and Luxembourg.

The role of the ECSC was to pool production of coal and steel within the six members’ territories. By 1957, the group expanded its scope and transformed itself into the European Economic Communities (EEC). The EEC created a common economic market with no customs duties between member nations and adopted common trade and agriculture policies for all members. The Single European Act of 1987 set the goal of creating a single common economic market by 1993.

That goal was met with the ratification of the Maastricht Treaty on European Union, which created the EU by increasing cooperation on economic, foreign, immigration, and crime and drug policies. The treaty set further development goals calling for the implementation of a monetary union by 1999, as well as cross-border European citizenship for residents of all EU countries, common foreign and security policies, and greater internal security cooperation. By 2002, the EU’s common currency, the euro, replaced the national currencies of 12 EU members.

In 2002, EU leaders began work on a treaty that would incorporate all the treaties that governed EU operations into one document. The Treaty of Lisbon, agreed upon in October 2007 and signed by the heads of government of EU states between December 2007 and November 2009, created a nonrotating presidency of the European Council, allowed for more cohesive foreign and security policy, and established EU-wide human rights laws. The treaty went into effect December 1, 2009.

In 2016, citizens of the United Kingdom voted to leave the EU. Because it is the first country to do so, the economic, political, and logistical ramifications are, as yet, unknown.

ORGANIZATION

The EU’s main organizational units are the European Commission, the Council of the European Union, the European Council, the European Parliament, the Court of Justice of the European Union, the Court of Auditors, and the European Central Bank.

The European Commission (EC) is the EU’s executive branch, charged with upholding EU interests. Although each EU nation is represented on the EC, the commissioners do not represent the governments of their countries. EC members are forbidden from taking instructions from member states. Commissioners serve five-year renewable terms. The EC applies the provisions of the EU and refers cases of noncompliance to the Court of Justice. The EC is the only EU institution entitled to propose new legislation and is responsible for managing the EU’s policies, including development aid, research, and agriculture. The EC also proposes and manages the EU budget. Although it is politically independent, the EC answers to the European Parliament.

Previously known as the Council of Ministers, the Council of the European Union (often referred to simply as “the Council”) is the EU’s main decision-making body. Each EU member holds the presidency of the Council for six months. Based in Belgium, the Council meets in public. The Council approves international agreements negotiated by the European Commission and is empowered to amend the treaties that are the EU’s legal foundation. The council also implements EU policies and allows new members to join. The Council shares legislative power with the European Parliament, and the two bodies are also responsible for approving the EU budget.

The European Council is the EU’s highest policy-making body, consisting of the presidents or prime ministers of each member nation, who meet four times per year. At their meetings, the heads of state discuss major European and world issues and initiate EU policies.

The European Parliament is an elected legislature representing EU citizens. The European Parliament issues opinions on draft directives and proposed regulations from the European Commission and approves international agreements negotiated by the European Commission. The Parliament and the Council of the European Union must agree on most legislation before it is adopted. The European Parliament shares budget approval power with the Council of the European Union, though the Parliament has the ultimate authority to pass a budget that the Council does not agree to.

Members of the European Parliament (MEPs) are directly elected for five-year terms. The European Parliament is limited to 750 MEPs plus the parliamentary president. Representation is based on population. The president of the parliament is elected by the parliament and presides over its sessions, enforces procedure, signs parliamentary acts, and officially represents the parliament.

Based in Luxembourg, the Court of Justice of the European Union upholds the rule of EU law and assures that treaties are correctly interpreted and applied in all member states. Each of the EU members names one judge, who serves a renewable six-year term. The judges elect one of their own to serve as president for a renewable three-year term.

The Court of Auditors comprises one member from each EU nation. It monitors EU revenue and spending. It also determines whether the EC is soundly managing the EU budget and can audit any organization using EU funds.

Based in Germany, the European Central Bank is responsible for managing the euro (the common currency of 13 EU nations) and for setting EU monetary policy. The bank is politically and financially independent from other EU institutions.

Liza Hickey
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Flow Resources




Flow resources are natural resources that constantly replenish themselves. Most flow resources are used for energy production. Wherever the flow resources of sunlight, wind, moving water, and geological heat exist, they can be tapped for electricity generation. Some flow resources have additional purposes besides energy production. For example, natural water resources are used for drinking, washing, and irrigation purposes.

CONTRAST WITH RENEWABLE AND NONRENEWABLE RESOURCES

Although they are often called renewable resources, flow resources technically are not the same as renewable resources, which people must replenish to continue using. The environments of renewable resources must remain intact in order to obtain these replenishments. For example, biomass is a renewable resource that consists of organic material from dead plants and animals. Obtained mostly from forestry and agricultural sources, it is burned to produce hot gas to power turbines and electrical generators. Biomass is replenished by obtaining additional organic material from these sources, provided that the sources are managed wisely. If the environments of these sources are degraded by mismanagement, such as overharvesting and poor planting practices, the biomass could become unavailable for people in the future.

Flow resources can also be contrasted with nonrenewable energy sources, such as oil, natural gas, and coal. These fossil fuels exist in finite amounts and will eventually become depleted and unavailable, even if managed well. Both renewable and nonrenewable resources are referred to as “stock resources,” because they exist in particular sizes of stocks at any given time.

Flow resources, by contrast, do not need to be replenished by people, and they theoretically cannot be depleted. Sunlight, wind, the moving water of rivers and tides, and geothermal sources are replenished naturally at the same time that they are being used by people. They keep flowing. They should be available as long as the planet Earth exists. Flow resources are valuable to other species besides human beings. Sunlight, air, and water are aspects of nature upon which Earth’s multiple life forms depend.

ADVANTAGES AND DISADVANTAGES

There are several benefits of flow resources for the human production of energy, as well as for environmental protection. Flow resources offer unlimited supplies of energy, unlike nonrenewable resources or mismanaged renewables. Their use has the added advantage over fossil fuels of not emitting chemical pollutants and carbon dioxide, the main greenhouse gas blamed for human-caused climate change.

The use of flow resources has been limited by certain disadvantages. For example, solar and wind energy systems are less efficient in energy conversion than nonrenewable processes, such as the burning of coal and oil. A relatively large amount of solar and wind energy must be input into these systems before significant outputs of electrical energy can be obtained. This can make the use of solar and wind power impractical. Nevertheless, researchers continue to make technological advances in this area.

Although flow resources do not generate chemical pollution, they can harm the environment in other ways. Construction of hydroelectric dams can damage ecosystems and communities through flooding. Wind “farms” can kill large numbers of birds as the flying animals crash into the turning blades of the turbines.

ROLE IN U.S. ELECTRICITY GENERATION

Flow resources provide only small percentages of electricity generation in the United States, which is heavily dependent on fossil fuels and, to a lesser extent, nuclear energy. According to statistics published by the United States Energy Information Administration (EIA) in 2017, hydropower is the most commonly used flow resource, accounting for 7.4 percent of U.S. electricity generation. The most common hydropower systems are hydroelectric dams. Other hydropower systems are diversion plants (which use turbine-containing canals instead of dams) and tidal energy systems (in which dam-like barrages placed across tidal basins generate power from the surging and ebbing of ocean tides).

The EIA notes that wind power accounts for 6.3 percent of U.S. electricity generation. The largest wind farms in the United States contain hundreds of turbines spread across tens of thousands of acres. Solar power accounts for 1.3 percent of U.S. electricity generation. The most popular solar systems feature arrays of photovoltaic panels, though concentrated/thermal systems make use of lenses and mirrors. Geothermal energy accounts for 0.4 percent of U.S. electricity generation. In these systems, pipes and pumps are used to transfer natural heat from underground steam or hot water to the surface, where it powers electrical generators.
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Food Security




Food security refers to the availability of food for present and future use. How much food can the world produce? And to what extent can individual countries, cultures, and people in local areas be certain of having sufficient supplies of food to support their populations? Questions such as these are questions of food production and food security.

Whether or not food production worldwide can exceed global population growth, there is no doubt that the relationships between food availability and population growth vary from place to place around the world. Especially in less developed countries, shortages of food production result in famines, which can be exacerbated under wartime conditions and/or during periods of drought, flooding, or other environmental stresses. The possibility of local food shortages raises the question of food security. In ancient times, transition from hunting and gathering to farming made possible very large increases in food security, because food could be stored for future use.

Today, food security is measured in terms of the likelihood that food will be available in a particular place at a particular time. It can also be examined at a global level as well as on a more local scale. In other words, while the world may have enough food to feed itself, people in certain areas may lack food security and therefore may not have enough food. Levels of food security vary in accordance with several factors. The most basic consideration is the amount of food that is produced and available for future use. The amount of food that can be produced is affected by environmental conditions such as water availability. Some experts have predicted that global climate change may affect food production as currently productive food-producing areas may become hotter and drier, reducing their food production capacities.

Food security levels are also affected by food prices. Even when sufficient food is available, people may not be able to afford to purchase food. Thus, food shortages will affect the poor more than they will wealthy people, who have more resources to buy food even when shortages occur and prices rise. Food prices as a function of income vary considerably. People in less developed countries may spend as much as half of their income on food. High levels of spending on food, relative to overall income, reduce food security because people become dependent on scarce economic resources to obtain sufficient amounts of food.

Measures of food security involve the quality of food as well as its quantity. A simple measure of food security is the number of calories consumed per day, with fewer calories implying greater threats to food security. However, many people throughout the world suffer from malnutrition even if they consume sufficient amounts of food because they may not have the opportunity to eat foods that have high nutritional value.

Food security also involves questions of distribution. Not only must there be sufficient food, but the technology to distribute food to consumers must also be available. Lack of food security can cause famine under wartime conditions, when food supply lines may be cut because roads and bridges are destroyed or blockaded by enemy forces. Food is used as a political weapon by dictators and warlords, who can use food to advance their political goals.

The international community has taken many steps to address issues of food security. Efforts to reduce birth rates and to reduce global population increase can result in declining increases in the demand for food. Continued use and implementation of agricultural technology can result in increased production capacity. Economic growth and improved public services, especially in rural areas, have also been viewed as means to increase local food security levels. Health is also related to food security because better nutrition can allow farmers to produce more food in order to boost supplies.

Although global food production levels continue to increase faster than global population growth rates, it is an open question whether this trend will continue on a global as well as local scale. To the extent food security declines, food shortages will become more commonplace. In general, problems of food security will have a far greater impact on the poor and residents of less developed countries than they will have in other parts of the world.

Fred M. Shelley
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Forests




A forest is an extensive area or region dominated by trees and their canopy of leaves that shade Earth’s surface. Usually, the trees are accompanied by bushes and other plants of lesser mass. One such definition cannot do the term justice because many, many definitions have been offered. This is a testament to the importance forests have held for various purposes. Of greatest importance is that trees are the sole provider of wood—cellulose fibers embedded in lignin—which has great strength and can be used in a myriad of applications.

A tree is usually the largest single piece of biomass in the vicinity and quite obvious to the viewer. Less obvious is the solar energy stored during photosynthesis, the water and nutrients taken up from the soil, and the web of plant and animal life predicated on the existence of the tree. How did much of the planet’s surface come to be covered with trees? Land life came from the ocean somewhat over half a billion years ago with land plants becoming common about 460 million years ago in the Ordovician Period. Trees appeared and began to cover the land some 370 million years ago toward the end of the Devonian period. The evolution of trees included the development of their ability to help alter the upper rock crust of Earth into soils and allowing the further evolution of more tree species, other plants, and animals. Early trees were gymnosperms (conifers), carrying their seeds in cones; it was this type of tree that dominated the first forests. The angiosperm trees have been the more prolific over the last 50 million years. The angiosperms dominate with a now-diminished number of gymnosperm species. Approximately 100,000 tree species are alive on Earth, with many more having been lost during our evolutionary history.

Forests are widespread over the tropical and middle latitude regions of the globe. Humans have actively utilized and cleared this resource, causing a marked reduction in coverage in the last few hundred years and a striking decrease in the last few decades. The net effect is that global forest cover has decreased by about one-fifth since prehistoric times. As is true with other physical elements of Earth, forest cover is unequally distributed. According to the Food and Agricultural Organization of the United Nations, about two-thirds of Earth’s forest cover is split among ten countries, with the largest amount of forest in the Russian Federation. The forested area of Earth is roughly 38 million square kilometers (14.7 million square miles). This constitutes about 30 percent of Earth’s land area. About half the forests are in the tropics, a third in upper middle latitudes and lower polar latitudes of the Northern Hemisphere, a tenth in temperate climates, and the rest in the subtropics.

TROPICAL, TEMPERATE, AND BOREAL FORESTS

Forests require a growing season long enough to add significant biomass via photosynthesis and conditions in which precipitation is greater than evapotranspiration to ensure a reasonable supply of soil moisture. Forests were able to evolve in various climates, so there are various types and subtypes of forests. At the greatest level of abstraction, three forest types are usually delineated: tropical, temperate, and boreal.

Tropical forests are associated with the wetter tropical places. The tropical forest has some subtypes. The rainforest has the most superlatives attached to it. Found associated with the rainforest climate, this subtype is associated with the greatest number of species (both trees and other life), the tallest species (some 50 m and more), and the greatest biomass per hectare on Earth. Some rainforests receive more than 7,500 mm (250 in) of rain per year; there is no dry season. The trees are evergreen, losing and gaining leaves gradually rather than in anticipation of seasonal dryness or freezing temperatures. The monsoon forest (moist/dry deciduous forest) has a considerable dry season in the low-sun part of the year, huge precipitation totals in the high-sun period, and no freezing temperatures. These tropical trees are broadleaf species and seasonally drop their leaves in anticipation of winter dryness. The tropical deciduous forest is found in climates in which the precipitation totals are not as great as in the first two subtypes and the drier season longer. These forests are sometimes known as semi-evergreen forests because the taller trees are deciduous while the understory trees are evergreen.

Temperate forests are found in central and western Europe, the eastern half of North America, northeastern Asia, and in middle latitudes along the west coasts of continents. Growing seasons are up to six months long, with annual precipitation greater than evapotranspiration. Winter and a concomitant lowering/stoppage of photosynthesis are limitations to growth. Temperate types are delineated primarily on the basis of seasonality and amount of precipitation. Mountains and high plateaus (in much of the American West, for instance) produce dry conifer forests with relatively low average annual precipitation. Mediterranean forests have peak precipitation during mild winters and droughty summers. Broadleaf trees such as small oaks and some evergreen, thick-leaved, water-conserving species are common with winter being the “green” season. Many of the trees are virtually dormant in parts of the summer. In selected areas on upper middle latitude coasts (for example, Washington state’s Olympic peninsula) are temperate rainforests that have in excess of 2,000 mm of precipitation per year (much less than tropical rainforest but much more than any other temperate forest). Infrequent freezes and a year-round excess of precipitation over evapotranspiration make this type fairly diverse and high in biomass. Deciduous forests have rainy summers and cold, snowy winters, for which the trees prepare by losing their leaves. This kind of forest, topped with tall trees, is ecologically diverse and covers the greatest area of all the temperate forest subtypes.

The boreal forest (taiga) represents the largest forest on Earth. Dominating the northern continental surfaces from 50° to 60° latitude (there is little land at accordant latitudes in the Southern Hemisphere), the boreal forest has developed in climates that have short, cool summers and long, cold winters. Growing seasons average about four months, so accumulated biomass is low. Here, there is a relative lack of numbers of species and ecological diversification compared to the tropical forests. Soils tend to be poor and acidic. The coniferous trees are needle-leafed and close enough together to prevent full solar penetration to the ground and this limits the biomass of understory plants and animals.
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Fossil Fuels




Fossil energies, or fossil fuels, are extracted from beds of once-living organic matter (primarily plant) that was compressed among and between layers of rock throughout geologic history. The heat and pressure caused by compression in different types of rock layers formed the different types of fossil fuels. The composition of these fuels is primarily made up of carbon, oxygen, and hydrogen but, depending on the fossil fuel type, may contain many other elements and impurities. Hydrocarbons, which are molecules composed of carbon and hydrogen atoms, are a group of important compounds associated with these fuels. Fossil fuels provide heat energy when they are burned (or combusted). The resulting heat is converted to mechanical energy by the use of combustion engines (as in the case of vehicles) or to electricity by turbines and electric generators (as in the case of power plants).

PETROLEUM (OIL)

Petroleum is composed of a complex mixture of hundreds of different hydrocarbons. Petroleum may also contain impurities, such as sulfur, nitrogen, oxygen, and trace amounts of metals. Because of the complexity of its composition, refining is necessary for getting it into a useable form. There are many useable products that petroleum resources provide. Gasoline, jet fuel, kerosene, and lubricants are a few of the commercial substances extracted from petroleum.

Crude oil, a thick, viscous fluid, is extracted from the ground by drilling and pumping. It is then transported either by ship or pipeline to a refinery where the different components of the crude oil are partitioned using a process called distillation, which separates out the hydrocarbon compounds using their different boiling points. Secondary conversion processes, such as thermal and catalytic cracking, chemically transform less useful fractions of hydrocarbons into marketable commodities (e.g., gasoline). These processes break large hydrocarbon molecules into smaller constituents. Petroleum is then purified to remove any impurities that produce harmful substances when burned. Gasoline and jet fuel are the most marketable products of petroleum, and they are used mainly for transportation purposes.

Global production of petroleum has risen drastically since 1950. The United States is by far the largest user of petroleum, and this consumption is supported from both domestic and foreign sources. The largest reserves of petroleum are found in the Middle East. Social tensions arising from resource availability, limited supplies of recoverable petroleum, and environmental effects of fossil fuel combustion may limit the use of this resource in the future.

COAL

Coal is the most chemically complex fossil fuel that is burned for energy purposes. Although it consists mainly of carbon, the chemical structures within coal matrices contain significant concentrations of nitrogen and sulfur and trace amounts of many other elements, including mercury, lead, and other metals that are toxic to humans. Volatile gases and water are also bound within coal’s chemical structure, and their release into the atmosphere during combustion can be very harmful to human health and the environment. Coal was formed from the fossilization and compression of large, swampy areas or peat bogs. Different coal types were formed from varying degrees of heat and pressure exerted on the organic matter in these environments over long periods of geologic history. Coal types are ranked according to the amount of fixed carbon and volatile matter; the higher the rank of coal, the greater the amount of fixed carbon and the lower the amount of volatile matter.

Coal has many uses in society. Anthracite is a high-ranking coal that is used mostly for domestic heating purposes. Bituminous coal is primarily used in electricity generation and coke production. (Coke is produced from the pyrolysis of coal. Because it has a higher heat value than coal, it is used as a fuel source for iron ore smelting for steel production.) Coal is extracted from the ground by a variety of different mining techniques. Deep shaft mining is used in areas where coal seams are located 100 feet or greater below the surface. In other regions, where coal is located closer to the surface, the land is stripped away to reach the coal beds below. This is called strip or surface mining, and although it is safer for miners, it is devastating to the landscape.

After extraction, coal bound for power plants is pulverized before being transported. The power plant blows the coal dust into a furnace in the presence of oxygen. The hot gas that is created from the combustion process is directed into a boiler containing water pipes. The water is heated from the hot gas to create steam, which is directed to a turbine electric generator. Steam leaving the generator is cooled and condensed back into water and transported back to the boiler. Electricity generated from coal combustion is transported via high-voltage power lines to areas where it is needed.

The largest global coal reserves are found in the United States, Russia, and China, according to the EIA. China is the largest consumer. Despite the large amounts of coal reserves, global demand for coal has declined in the past 50 years because of its undesirable environmental effects and the availability of more concentrated stores of energy found in nuclear fuel.

NATURAL GAS

Natural gas is 80–95 percent methane (CH4), which is a simple fuel containing one carbon atom and four hydrogen atoms. In its natural state in the environment, natural gas deposits may also contain heavier hydrocarbon impurities (such as propane or butane), water, carbon dioxide, and hydrogen sulfide. Seismic and drilling explorations are used to reveal the potential sites that contain natural gas. Once these sites are discovered, natural gas is extracted from the subsurface by drilling a well. Gas is piped to a processing plant, where hydrocarbon impurities are removed with heavy oils, water is removed with drying agents, hydrogen sulfide compounds and carbon dioxide are removed, and finally an odor agent is added to the processed gas for purposes of leak detection. Natural gas is generally transported by pipeline from processing plants to areas of use. An extensive natural gas pipeline network lies across large land areas. An alternative method of storage and transportation is made possible by compressing natural gas into liquefied natural gas (LNG), which reduces the volume of the gas by 600 times. LNG operations cool the gas to a liquid (−259 degrees Fahrenheit; −162 degrees Celsius), and then re-gasify it when it reaches its destination or when demand for natural gas is higher.

Natural gas is the least consumed of all the fossil fuels. It is estimated that the use of natural gas will increase in the future as prices of petroleum rise and the undesirable effects of coal reduce that source’s demand.
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Genetically Modified Foods (GMOs)




Genetically modified foods, or genetically modified organisms (GMOs), are mostly crop plants created for human and animal consumption. They have had their genetic material (DNA) modified in the laboratory to create new species with more desirable characteristics. For example, genetic engineering techniques have been applied to develop GM plants with greater resistance to herbicides, pests, and disease. Genetic engineering permits scientists to transfer genes among very different species that would not interbreed in nature and to incorporate nonplant genes into crops. This technique has been extended to animal production. For example, in 2006, a pig was engineered to produce omega-3 fatty acids through the expression of a roundworm gene.

POTENTIAL BENEFITS OF CROSS-BREEDING AND GENETIC MODIFICATION

Genetically modified foods are a form of agricultural intensification. The need for more intense food production is obvious: the world is currently adding 80 million new mouths to feed per year, and living standards around the world are rising, which requires more grain to be grown to produce more animal products and other sources of protein. The world is already home to more than one billion people who are hungry or malnourished. Initially, intensification meant increased use of fertilizers, pesticides, and irrigation to increase yields—the amount of food produced per acre (or hectare). But that in itself was not enough, and indeed, most people recognize the need to reduce dramatically the environmental impacts of traditional farming practices that have caused such widespread damage to soils, ecosystems, watersheds, and even the atmosphere. Genetic modification may provide an alternative to such practices.
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Genetically modified plants are created in laboratories by scientists who modify genetic material to create new plants that have characteristics the original plants did not. Examples include insect- and disease-resistant plants. Scientists begin by injecting the desired DNA into existing plant cells, which they then grow into a new plant. (Pattarawit Chompipat/Dreamstime.com)

The first gene revolution involved cross-breeding and the development of hybrids. Cross-breeding means selecting desired qualities in a species of plant or animal and combining those traits within that same or a genetically very similar species. This approach to increasing and improving food supplies has proven successful, resulting in insect- and disease-resistant plants and greater yields. However, cross-breeding has three major drawbacks. First, it is slow, taking agricultural scientists many years to produce a commercially valuable new crop variety. Second, it can combine traits only from the same or genetically very similar species. Third, it does not take long for pests and diseases to mutate to reduce the effectiveness of these new hybrids.

To counteract these disadvantages of cross-breeding, scientists developed a second gene revolution involving a kind of genetic engineering that does not restrict plant or animal breeding to similar species. Instead, it permits the transfer of genes among very different species or even from nonplant sources into a plant or animal. For example, pieces of the DNA of a common daffodil and from a soil bacterium were combined into conventional strains of rice to produce a more nutritious rice strain—one containing more iron and beta carotene, which the body can convert to vitamin A, a nutrient needed to increase resistance to common childhood infections.

Genetically engineered foods are being touted by some as a major part of the solution to world hunger problems. Thus far, the major application of genetic engineering has been to increase resistance to disease, viruses, and insect pests in crops. Genetic engineering has already been extended to animals. Fish, such as salmon, have been metabolically engineered to mature more quickly. In addition, pigs bearing spinach genes have been developed that produce lower-fat bacon, and other pigs have been engineered to absorb plant phosphorus more efficiently (which then reduces the phosphorus content of their manure, which reduces damage to the environment). Other farm and laboratory animals have also been modified, including GM cows that produce casein-enriched milk, ideal for cheese making.

CONCERNS ABOUT GMOs

Many people and organizations have raised serious concerns about GM foods, criticizing agribusinesses for pursuing profit over safety and governments for failing to exercise adequate regulatory oversight. These concerns center on three categories.

There is considerable anxiety over the fact that Bt toxins kill not only crop-damaging pests but also many other species of insect larvae indiscriminately. It is also feared that insects will develop resistance to Bt or other crops that have been genetically modified to produce their own pesticides, just as other species of both plants and insects have developed resistance to such pesticides as DDT in the past.

Another concern is that crop plants engineered for herbicide resistance and weeds will cross-breed, resulting in the transfer of the herbicide resistance genes from the crops into weeds, thereby creating super-weeds. Other introduced genes also could cross over into nonmodified crops planted nearby. Indeed, field trials have shown that such gene transfer does occur. One 2002 study demonstrated that transgenes had spread from the United States to traditional corn varieties in Mexico, and a 2004 study revealed that conventional varieties of major U.S. food crops have been widely contaminated. In August 2010, it was reported that escaped GM strains of canola had been found growing wild along roads in North Dakota. In addition, the U.S. National Academy of Sciences reported that glyphosate (herbicide)-resistant weeds, which developed as an outgrowth of the use of engineered crops, have had substantial negative impacts.

These concerns can be addressed, at least to some extent, by making plants with pollen that is sterile or does not contain the introduced gene and/or by requiring buffer zones around fields of GM crops. Some critics doubt whether these ideas will work, however. The issue is that once GM genes have escaped into the wild, they cannot be recalled.

Because genetically modified foods have existed for only a relatively short time, many are concerned about the long-term unintended consequences of altering nature. One issue is allergenicity—that is, the risk that introducing a gene into a plant may create a new allergen or cause an allergic reaction in susceptible individuals. Such fears have not been realized. Indeed, a 2008 review published by the Royal Society of Medicine found no reports of adverse health effects from GM foods that had been consumed by millions of people worldwide for more than 15 years. Meanwhile, supporters of genetically modified foods have pointed out that geneticists may be able to remove allergens from such foods as peanuts.

Serious questions have arisen about the costs of using GM seeds and about patent infringement. Clearly, agribusinesses that have invested heavily in agri-biotechnology need to recoup their costs and ensure a profitable return on their investment. Yet the price for such GM seeds may well be beyond the reach of farmers, especially in the developing world. Also, because many new plant genetic engineering technologies and GM plants have been patented, patent enforcement becomes an issue. Farmers who raise these plants are required to give up control over their seeds (and even the kind of pesticide that is effective) and not use their harvested seeds the following season as they have in the past, but instead depend totally on a single, large, for-profit corporation.

Some people claim that there are less expensive ways of delivering vitamins and minerals to people than by genetically modifying crops such as rice and corn. In addition, consuming locally grown food rather than food trucked in from places hundreds of miles away and ensuring better distribution of resources and wealth might go further toward solving the world’s food needs than spending huge amounts of money on GM foods.
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Geographic Information Systems (GIS)




A geographic information system (GIS) is a computer mapping tool used to manipulate, analyze, and display complex geographic data. GIS has wide applications in fields ranging from scientific research to urban planning to law enforcement. Using GIS, analysts are able to layer different sets of spatially referenced information—for example, data about vegetation cover, census information, land ownership, political boundaries, or even digital satellite images and aerial photographs—to produce new maps or other graphics. This newly integrated visual display is then used to store and analyze the data.

By integrating spatial data from various sources, GIS allows planners, scientists, and others to make informed decisions related to their work. Biologists, for example, might use GIS to prove that developing a certain area for new homes might destroy valuable wildlife habitat or interfere with animal migrations. The developer might use GIS to determine what areas are best for development, using such factors as ease of commuting to business areas, proximity to beaches or parks, or safety from such disasters as flooding and wildfires. The technology might also be used by environmental researchers to analyze the effects of drought in a specific region or to chart climate change.
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Scientists at the Indian National Centre for Ocean Information Services use geographic information systems and real-time seismic and tidal monitoring to generate accurate tsunami alerts, 2011. (Noah Seelam/AFP/Getty Images)

Social scientists have used GIS to demonstrate “environmental racism,” using data about where poor and minority people live. In Los Angeles, one researcher analyzed information about residences near hazardous waste facilities. As he told E Magazine, “In almost every case, a large percentage of people who live near these facilities are minorities and are below the county average in terms of income, education, employment and voting participation” (E Magazine 2004).

Another use for GIS technology is to search for oil, gas, and mineral deposits, while architects and engineers use it to make decisions about designing roadways and bridges. Even farms make use of the technology, using GIS to map the amounts of water and various soil inputs needed in different areas of the farm and then programming their tractors to deliver the correct amounts automatically. This technique is known as precision farming.
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Glaciers





A glacier is a permanent body of ice that moves under the weight of its own mass. Glaciers are formed in places with low temperature where the rate of precipitation is greater than the melting of snow, which promotes permanent ice cover. Two dominant glacier types are the alpine glaciers associated with mountain ranges and continental glaciers that are unconfined glacial masses that flow outward in all directions. Glacial extent defines the distribution and area covered by these glaciers on Earth’s surface. Understanding glaciers and changes in glacial extent is very important to understanding current climate change, because the decline of glaciers is well correlated with the increase in global mean temperature since the mid-19th century.

At present, glaciers cover 10 percent of the land surface and store about 75 percent of the world’s fresh water. An overwhelming majority of this global ice extent is due to the Antarctic ice sheet, the largest mass of ice on Earth that covers an area of 12.3 million km2, and the Greenland ice sheet, which covers an area of 1.7 million km2. Glaciers and ice caps are scattered throughout the world, outside of these two ice sheets, in various mountainous regions (e.g., the European Alps, the Andes, the Brooks Range in Alaska, the Himalayas, and the Karakoram Mountains) and around the Arctic Ocean Basin in the northern hemisphere. These glaciers and ice caps cover an areal extent of around 785,000 km2. Glaciers are found on every continent except Australia, and most of the glacierized area is concentrated in the northern hemisphere.

Over Earth’s long history, glacial extent has been greater than it is currently. Two million years ago (during the Quaternary period) glaciers covered up to one-third of Earth’s surface. Since then, Earth has undergone several glacial and interglacial cycles that have subsequently resulted in fluctuations in global glacial extent due to glacial retreat during warmer conditions and glacial advance during colder conditions. It has been evidenced that these cycles are driven by cyclical changes in Earth’s orbit around the sun that cause variations in the solar radiation received on Earth. Alpine and continental glaciers covered 32 percent of the land area at the peak of the last glacial maximum, around 20,000 years ago. The most recent glacial event, known as the Little Ice Age of the late 16th to early 20th century, was a period of lower temperatures on a global scale that resulted in the advance of glaciers at high latitudes and altitudes.

GLACIER FORMATION

Glaciers form as a result of snow accumulation that gradually turns into ice and flows in response to gravity. Glacier mass balance is the difference between accumulation (due to precipitation and deposition) and ablation (due to melting and sublimation) and is usually measured at the end of the melt season. Glaciers grow when climatic and topographic conditions allow accumulation to exceed ablation, and they recede when the losses are greater. Glaciers are more extensive at higher latitudes due to less available energy for melting and at higher altitudes where thinner air is less efficient at holding heat energy. When accumulation and ablation are affected by a change in climate, the glacier will change its extent toward a size that makes the mass balance zero. However, changes in glacier extent exhibit a lag behind climate changes that are in the timescale of a few years (short, steep glaciers) to several centuries (largest glaciers and ice caps).

While glacier mass balance can be understood as a direct, undelayed response to annual atmospheric conditions, changes in glacier length and extent are delayed responses reflecting integrative atmospheric changes at longer timescales. Therefore, the glacial extent is determined by climate, topography, and distance from moisture sources along with the physical properties of ice.

INDICATORS OF CLIMATE CHANGE

Glaciers are sensitive indicators of climate change, so the past and present glacier fluctuations provide information regarding the global climate system and also serve as an overall temperature indicator. Glacier moraines (accumulations of glacial debris) from the Little Ice Age mark a Holocene (past 10,000 years) maximum extent of glaciers in many mountain ranges. Glaciers and ice caps have shown general recession from these positions, with accelerating glacial retreat since the mid-1980s, and are close to or exceeding the lowest values since the Holocene. This overall decline of glaciers and ice caps is well correlated with the increase in global mean temperature since the mid-19th century. On a shorter timescale (decadal), glaciers in various mountain ranges have also shown intermittent readvancement, such as in the Alps in the late 1970s and in coastal Scandinavia and New Zealand in the 1990s. Regional declines in glacier extent and volume include the European Alps, the Andean glaciers, the Central Asian glaciers, the mountains in North America, and glaciers in Africa and New Guinea. Glaciers in the Antarctic Peninsula terminating in the sea indicate 87 percent of glaciers retreating over the last six decades. Similarly, Arctic glaciers and ice caps show evidence of a general retreating trend. The ongoing observed trend of worldwide glacial retreat is likely to be nonperiodic in nature and may lead to deglaciation of many mountain ranges by the end of the 21st century.
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Global Positioning Systems (GPS)




A global positioning system (GPS) is a mechanism for specifying locations on Earth using a cluster of satellites. Three GPS systems are in use: one developed, managed, and maintained by the U.S. Department of Defense (USDOD); one under the control of the Russian military, called GLONASS; and one developed by the Chinese government, called the BeiDou Navigation Satellite System, which has provided coverage of the Asia-Pacific region since late 2011 and is expected to expand to global coverage by 2020. In addition, the European Union (EU) conducted successful tests in July 2013 for its new Galileo system, which is expected to be completed by 2020. It will be the first GPS system under civilian control. The Indian Space Research Organization (ISRO) began launching satellites in July 2013 for its Indian Regional Navigation Satellite System (IRNSS), which became operational in early 2018, providing coverage for India and into neighboring countries.

The U.S. system utilizes more than two dozen satellites in medium orbit, which broadcast high-energy signals to receivers on the surface of the planet or in the lower atmosphere. The USDOD launched satellites throughout the late 1980s and early 1990s, building the capacity of the network toward global coverage. An early form of GPS technology was used by the U.S. military during the Persian Gulf War in 1990, but the system remained accessible only for military use. In 1993, the system reached full operating capacity, with 24 satellites in orbit. Three years later, the government passed legislation allowing for civilian use of the system. The result was an explosion in use of GPS technology, and relatively inexpensive GPS receivers were available to the general public within only a few years. By 2000, GPS-related business amounted to over $6 billion, and it continued to increase throughout the early 2000s. The advantages of GPS technology are many: access to the system is free, a GPS receiver will work outdoors in any weather conditions (but typically will not work inside a building), and the system is accessible at all times.

The applications of GPS technology are virtually limitless. GPS receivers can pinpoint the user’s location and provide a map showing the location. In addition, the location can be stored so the user can return to virtually the exact same place in the future. GPS is a highly useful tool for outdoor recreation. Those engaged in hiking, fishing, and hunting can find their location if lost; record a favorite spot and the path to reach it; or even map an area using a GPS receiver. Business applications are also numerous. Law enforcement can track the movements of suspected criminals by attaching a GPS unit to a vehicle. Surveyors can use GPS to survey a piece of property much more quickly than is possible using older techniques. Farmers can use high-precision planting techniques that employ GPS technology, increasing yields and conserving costs of production. Aircraft can be precisely tracked by ground controllers using GPS, and the aircraft itself can use GPS for navigational purposes. There are also applications for forestry, wildlife management, and many other fields. Of course, perhaps the broadest application of GPS technology is for commercial mapping, which can now be done more quickly and more accurately.

There are three components to the GPS system. First, there is the ground control component. This consists of a system of control stations located on the surface of the earth that regulate the signals being sent from the satellites. There is a master control station, currently located in Colorado; a backup control station used only if the master control station ceases to function; and several monitoring stations located around the world. The master control station is constantly in operation. It regularly receives data from the monitoring stations—data that has been downloaded from the satellites and corrects any errors in the signals.

The second component is the network of satellites. The satellites are not in stationary orbit but revolve around the planet at an altitude of about 12,000 miles, and they are arranged in space so that at least four are above the horizon at all times, as seen from any point on the earth’s surface. The final component of the GPS system is the user, who accesses the signal from the satellite using a GPS receiver. The receiving unit must acquire signals from four satellites (this is why the satellite system is configured to have four satellites above the horizon at all times) and can accurately locate the position of the user by comparing the time required for each signal to reach the unit. Any errors that may be in the signal must be corrected by the master control station, or the readings provided may be inaccurate. Errors may be generated by disturbances in the atmosphere, which delay the time it takes for the signal to reach the surface of the earth. If the time measurement is inaccurate, the location provided by the receiver will also be inaccurate.
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A U.S. Geological Survey scientist at a Global Positioning System (GPS) station on the east flank of Mount St. Helens, 2004. More than a dozen GPS stations have been installed on or around Mount St. Helens. By repeatedly measuring the distance between the stations, geologists can compute the movement of the Earth along faults and plate boundaries that might result in earthquakes. Because the distances involved in measuring the movement of Earth’s tectonic plates are so large, measuring methods like GPS use satellites. (U.S. Geological Survey)

One of the most useful characteristics of GPS is its utility as a mapping tool. GPS has revolutionized cartography by enabling data on features to be gathered in the field instantaneously and downloaded into a mapping program or geographic information system (GIS). This data may then be used for locational analysis or other types of studies. Data points may be gathered by simply recording the GPS receiver’s location and storing these points in the unit. These data can then be transferred to existing spatial information already held in a GIS, which can then display the data points on a map. Many navigation systems available for use in automobiles now use GPS technology. Similar systems that automatically notify emergency personnel in the event of an accident also use GPS technology. The military applications of GPS have been illustrated in several recent conflicts, dating to the Persian Gulf War. American cruise missiles, equipped with the GPS coordinates of enemy targets, have been guided directly to those locations by GPS technology. Such accurate delivery of ordnance, achieved without endangering U.S. pilots and directed with pinpoint precision in order to limit civilian casualties, has obvious military advantages.
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Google Maps




Google Maps is a global mapping service developed by Google. The service is available on both the web and as a mobile app. Google Maps features digital and satellite imagery of virtually every location on Earth, with the exception of areas censored by governments for national security reasons. Since releasing Maps in 2005, Google has improved its mapping service with a number of additional features, including turn-by-turn directions, real-time traffic updates, restaurant and business reviews, and Google Street View, which allows users to view locations from street level. Google Maps has over one billion active users, making it one of the most widely used digital applications worldwide.

The inspiration for Google Maps did not originate with Google. In 2004, Danish entrepreneurs Lars and Eilstrup Rasmussen approached Google cofounder Larry Page with their prototype for a digital mapping application. Page rejected the initial prototype, however, because it was designed to be downloaded and installed rather than housed on the web. After revising the application to function in a web browser, the Rasmussen brothers successfully sold their idea to Google. Google Maps debuted in the United States on February 8, 2005.

Although Google Maps was not the first digital mapping tool (it was predated by Yahoo! Maps and MapQuest), it provided the most detailed and thorough mapping of the earth ever rendered. This powerful new tool was amplified by the rollout of the first smartphone, Apple’s iPhone, in 2007. Google Maps was included as one of the iPhone’s default apps, placing the streets and cities of the world at millions of new iPhone users’ fingertips.

In 2006, Google unveiled a significant new layer to its mapping service, Google Street View, in select U.S. cities. Street View allows users to view locations from street level using 360-degree photography. Street View was released nationwide in the U.S. in 2007, and arrived in Europe, Japan, and Australia in 2008.

The ability to view any location as if one is actually standing in front of it was an unprecedented development in the history of mapping, and it did not come without controversy. An often-cited concern has been the potential for Google’s Street View cars, which are equipped with mounted cameras, to capture embarrassing or compromising photographs of people in their yards or homes as they drive by. As it is not considered a crime to take photographs from public property (the street), Google’s Street View cars have survived a number of challenges in court. However, in Joffe v. Google (2013), a federal court ruled that Google had violated the Wiretap Act by using its roaming Street View cars to tap into unencrypted Wi-Fi signals.

In 2016, Google announced new community mapping features that allow users of the app to suggest additional details and verify others’ suggestions. For instance, if one wants to tag a particular restaurant as “kid friendly,” one can do so on one’s own device. Other visitors to the same restaurant can then see this tag as a tentative suggestion and vote to confirm that the description is accurate. After a certain number of positive votes have been received, the new detail is permanently added to the restaurant’s profile on Google Maps.
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Greenhouse Gases




Greenhouse gases are chemical compounds that trap heat in the atmosphere and contribute to the greenhouse effect, a process in the atmosphere that causes global warming. Most greenhouse gases are naturally occurring, but certain human activities add to the levels of these gases in the atmosphere. Other greenhouse gases, such as chlorofluorocarbons (CFCs) and halons, are man-made. As greenhouse gases accumulate in the atmosphere, global warming occurs. To combat the potential threats of global warming on human life and the environment, several countries agreed in 1997 to the Kyoto Protocol, a treaty designed to stabilize climate change by decreasing greenhouse gas emissions starting in 2005.

TYPES OF GREENHOUSE GASES

Carbon dioxide (CO2) is one of the main greenhouse gases. It is produced by burning fossil fuels such as oil and coal in power plants, factories, and cars used by many industrialized nations. CO2 can also be produced through the everyday use of electronics and appliances—such as lights, ovens, dishwashers, and computers—that are mainly powered by electricity derived from burning coal. Additionally, CO2 can enter the atmosphere as a result of specific chemical reactions, like the manufacturing of cement.

Through photosynthesis, plants and trees remove CO2 from the atmosphere and release oxygen in its place. However, deforestation has increased the amount of CO2 in the atmosphere by decreasing the number of trees available to absorb it from the air. Algae found in the ocean can also absorb CO2 from the atmosphere—however, rising sea temperatures worldwide have made it difficult for the algae to survive, so they die off and can no longer absorb CO2. Methane (CH4) is another type of greenhouse gas. It is emitted from livestock and decaying organic waste, as well as the transportation and production of coal, oil, and natural gas. Other types of greenhouse gases include nitrous oxide (N2O) and fluorinated (combined with fluorine) gases.
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This chart shows human sources of greenhouse gases. While greenhouse gases occur naturally, humans have greatly added to their levels through the use of fossil fuels. Because greenhouse gases trap heat in the atmosphere, their unnatural increase due to human activity is causing the Earth’s surface temperature to grow warmer, endangering life on the planet. (U.S. Environmental Protection Agency)

REDUCING EMISSIONS

Researchers have pointed out the numerous potential risks involved, such as severe drought, mass animal extinctions, rising sea levels, and flooding, if greenhouse gas emissions continue to increase at the current rate. Worldwide concern for global warming led to the Kyoto Protocol, an international treaty signed in 1997 that sets targets for industrialized countries to cut down their levels of greenhouse gas emissions. Ways to cut down on emissions include using less fossil fuel by conserving energy, developing more energy-efficient technologies, and reducing deforestation. Although the Kyoto Protocol offers some hope in slowing down global warming, it suffered a setback in 2001 when the United States, which is responsible for a quarter of the world’s emissions, refused to ratify the treaty. President George W. Bush cited severe damage to the U.S. economy as a key factor for the refusal.

In 2015, a deal to reduce CO2 emissions worldwide was struck, and nearly every country in the world agreed to reduce its CO2 emissions. The United States, under the leadership of President Barack Obama, helped to negotiate the Paris Agreement, or the United Nations Framework Convention on Climate Change. Less than two years later, however, newly elected president Donald Trump announced he was withdrawing the United States from the agreement, claiming the deal provided few benefits to Americans.
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Heartland Theory




Heartland theory is a theory of geopolitics that essentially states that whoever controls Eastern Europe controls the world. The theory was proposed by Halford J. Mackinder at the beginning of the 20th century.

Mackinder taught geography at Oxford University and served in the British parliament for 12 years. He was well connected to the policy makers and strategic thinkers of his time. The U.K. was still the world’s foremost power when Mackinder put forth his ideas, and it is clear that he viewed British imperialism as the most moral and just among the European empires. It is likely that he was deeply influenced by notions of the “Great Game” between Russia and the United Kingdom that had motivated British policy in South Asia during the second half of the 19th century.

Mackinder believed that the heartland theory was in reality a roadmap to global domination. He theorized in an age when the United Kingdom’s preeminent position in international affairs was being challenged by such emerging powers as Germany and Russia. His ideas are firmly rooted in territoriality, as he held that control of a key geographic space was essential to political power.

Mackinder first publicly presented his theory to the Royal Geographical Society (RGS) in 1904. The title of his paper was “The Geographical Pivot of History,” which was published later the same year. In this discussion, Mackinder analyzed the distinction between, and relative merits of, “land power” versus “sea power.” Moreover, he sought to identify a larger geographical relationship to historical events, postulating a “geographical causation in universal history.” He suggested that the Eurasian landmass was the key to global political power, represented by a core “pivot region” that encompassed much of Eastern Europe and Central Asia and extended across northern Russia. This “geographical pivot” region, according to the theory, had been the key to territorial control of greater Eurasia from ancient times. However, during the “Columbian epoch,” as Mackinder termed the previous 400 years, the importance of dominating the pivot region had temporarily been overshadowed by the rise of sea power.

Mackinder acknowledged that the dominance of the high seas by the English navy had been vital to the construction of the British Empire. But he argued that the development of extensive railway networks in Asia would offset the advantages of controlling the world’s sea lanes and choke points. The Russian empire had begun construction of the Trans-Siberian Railroad about a decade earlier. This development very likely convinced Mackinder that the vast expanses of Asia could be connected via rail. There are clear undertones of environmental determinism in his ideas regarding the relationship of history and physical geography.

SEATS AND ARCS OF POWER

Mackinder conceived of world geography as being composed of “natural seats of power,” with the pivot region being supreme and representing dominant land power. Arranged in two bands surrounding the pivot area were regional arcs of power. These were the “inner crescent,” sometimes referred to as the “marginal” crescent, and the “outer,” or “insular,” crescent. The inner crescent was controlled for the most part by the European colonial powers. It swept from Western Europe toward the southeast, including India and the entire eastern coastline of Asia, all the way to eastern Siberia. The inner crescent completely enveloped the pivot region, except on the northern coast, and was controlled by a combination of land and sea power. The outer crescent consisted of the United Kingdom, Australia, Japan, southern Africa, North America, and South America. The countries of this zone, all maritime nations, were completely dependent on sea power to protect their political interests and commerce.

Interestingly, Mackinder did not view the United States as a vital player in the dynamic between the inner crescent and the pivot region. He believed that the construction of the Panama Canal would direct U.S. interests toward the Pacific Basin and away from the Eurasian landmass. The United Kingdom, as part of the outer crescent, was compelled to cultivate political alliances with countries in the inner crescent so as to establish “bridge heads” there that would prevent the expansion of any power controlling the pivot region.

Although Mackinder did not use the term “heartland” during the initial reading before the RGS, he would later introduce that term in a revision of the theory, using it to replace “pivot region.” In 1919, in the aftermath of World War I, he reformulated the theory in a book-length study, Democratic Ideals and Reality (1919). In this work, Mackinder introduced several new regional terms into his original thesis. The “pivot region” became the “heartland,” with some slight modifications of the original boundaries. The heartland was somewhat larger, as it included western China and more of Siberia. Mackinder now referred to the “World Island,” a vast territory that was composed of most of Europe, Asia, and Africa. In the revised theory, the World Island represented a huge repository of resources that could be exploited by an aggressive power bent on world domination. The key to controlling the World Island was control of the heartland’s gateway region, Eastern Europe.

The heartland theory unquestionably had a profound impact on geopolitical thinking in the wake of World War I. Eastern Europe’s strategic importance as a shatterbelt (or “crush zone”) was now reinforced by the heartland theory. And German scholars like Karl Haushofer and other members of the geopolitik school certainly considered Mackinder’s theory to be a major contribution. Even Mackinder’s critics, most notably Nicholas Spykman and his rimland theory, employed a similar core-periphery theoretical framework in constructing alternatives to the heartland concept. It is a testimony to the tenacity of Mackinder’s ideas that the heartland theory remains the subject of debate among political geographers today.
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Human Development Index (HDI)




The Human Development Index (HDI) is a statistical tool used by the United Nations (UN) to measure social and economic development in countries around the world. The HDI includes measurements of life expectancy at birth, years of schooling, and gross national income. Officials with the UN Development Programme (UNDP) believe that the HDI offers a better reflection of the social and economic status of individuals than do other national statistics, such as gross domestic product. Government leaders can use the HDI to adjust their policies and achieve better human development outcomes.

CALCULATION METHODS

The HDI statistics are calculated and compiled for the UNDP by the UN Human Development Report Office (HDRO). This office cooperates with other UN agencies, such as UNESCO and the UN Department of Economic and Social Affairs. It obtains some data from the World Bank, the International Monetary Fund, and the many national statistical agencies.

Life expectancy at birth, measured in years, is included as an indicator of health within a population. Years of schooling constitute an indicator of education and knowledge within a population. The HDI examines the mean (average) years of schooling for adults aged 25 years or more, as well as the expected years of schooling for children who are first entering school. The gross national income (GNI) per capita (per person) is an indicator of the standard of living within a population. The GNIs for all countries are converted into a common currency, called purchasing power parity (PPP) international dollars. This conversion allows for comparisons among different countries.
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The United Nations uses the Human Development Index to measure social and economic development around the world. The tool examines a country’s life expectancy, education rates, and income per person to determine a country’s level of human development. The higher the score, the better a country’s standard of living, health, and education rates. (United Nations Development Programme)

Health, education, and standard of living are referred to as the three dimensions of HDI. Each dimension is given a score. These three scores are combined into a composite score, or index, in such a way that each score has equal statistical weight. The combination—the HDI—indicates the overall level of human development within each country. The HDI values are given within a possible range of 0 to 1, with the level of statistical significance limited to three decimal places. For example, the United States in 2018 had an HDI value of 0.924, which ranked as the thirteenth best in the world.

COUNTRIES AND RANKINGS

New HDI statistics are released every year by HDRO in its Human Development Report, which was first published in 1990. In 2018, the statistics included data from 189 countries. Nations are not included if recent, reliable data for their three HDI dimensions cannot be obtained. After the data are calculated, the countries are ranked in terms of their HDI scores. These rankings may vary from one year to another, with some countries ranked higher or lower depending on improvements or declines in their measurements of human development. Rankings may also change because of revisions to the methods used in calculations, such as revisions that were introduced in 2010.

In the 2018 HDI rankings, HDRO reported overall continued global improvement in human development. Of the 189 analyzed countries, 59 were ranked as having “very high” human development, while 38 were ranked as having “low” human development. In 2010, by comparison, those numbers were, respectively, 46 and 49. The countries with the highest HDI scores in 2018 were Norway (0.953), Switzerland (0.944), Australia (0.939), Ireland (0.938), and Germany (0.936). The countries with the lowest HDI scores were Niger (0.354), the Central African Republic (0.367), South Sudan (0.388), Chad (0.404), and Burundi (0.417).

USEFULNESS AND LIMITATIONS

The HDI is a revealing measurement of human development. According to HDRO, it “is designed to reflect average achievements in three basic aspects of human development—leading a long and healthy life, being knowledgeable and enjoying a decent standard of living.” The index was created to “emphasize that expanding human choices should be the ultimate criteria for assessing development results.”

However, HDRO notes that the HDI is an incomplete measurement that does not reflect certain aspects of human development, such as racial inequality, gender disparity, poverty, security, and empowerment. Such factors are considered in additional statistical measurements published in the Human Development Report, thereby offering a more complete picture of human development around the world. To enhance the usefulness of the HDI itself, HDRO officials work with many countries to improve the quality of their human development data and the efficiency of their communication with the UN.
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Ibn Battuta




Variously called “the Arab Marco Polo,” “the Marco Polo of the Muslim world,” or “the Marco Polo of the Tropics” by Western authors, Ibn Battuta, a Moroccan legal scholar, was perhaps the greatest traveler of the ancient and medieval worlds. After spending 24 years traveling in the Near East and Far East, he returned to Morocco—only to make two more journeys into Muslim Spain and the sub-Saharan empire of Mali. In total, Ibn Battuta traversed more than 75,000 miles, far more than the extent of European traveler Marco Polo’s journeys.

Abu abd Allah Muhammad Ibn abd Allah Al-lawati At-tanji Ibn Battuta (also spelled Battutah) was born at Tangier in the Marinid sultanate of Morocco on February 24, 1304. His family made their living as scholars and judges of the Islamic legal system. The young Ibn Battuta followed the family tradition and received a good education as befitted a well-to-do Islamic gentleman of the 14th century. At the age of 21, Ibn Battuta embarked on his travels. Like all faithful Muslims, he wanted to make the obligatory pilgrimage to Mecca. Furthermore, traveling east would take him to the heartland of Islam, where he could study with the finest scholars.

JOURNEY TO MECCA

Leaving Tangier in 1325, Ibn Battuta traveled eastward across the Maghrib, the Arabic name for the western part of North Africa (the present-day countries of Morocco, Algeria, and Tunisia). After about nine months of travel, he reached the great port of Alexandria in 1326. He had entered the Mamluk sultanate of Egypt, the greatest Islamic power of its day. There, Ibn Battuta began his decades-long habit of sightseeing excursions.

Instead of pushing on to Mecca with the pilgrims’ caravan from Cairo, he explored the Nile River delta. Sailing down the Nile River, he traveled across the desert to the port of Aydhab on the Red Sea. Unable to make a crossing to Jidda, he went back up the Nile to Cairo and from there went to Damascus, the Syrian capital of the Mamluks, in August 1326. After visiting with legal scholars, he joined a pilgrimage caravan bound for Medina and Mecca.

During the first 15 months of his travels, Ibn Battuta learned that traveling gentlemen-scholars like himself were the frequent objects of almsgiving by pious, prosperous Muslim merchants. As a scholar, Ibn Battuta was a welcome guest at the many madrassas, or colleges, dedicated to the study of Islam and its laws that liberally dotted the landscape of Muslim countries. Through his strong interest in Sufism, the mystical branch of Islam, Ibn Battuta also received a ready welcome and hospitality from the Sufi lodges located in most Islamic towns of any size or importance. Thanks to that network of benefactors and colleagues, Ibn Battuta traveled with the expectation of generous hospitality and gifts throughout the lands of Islam.

Ibn Battuta reached Mecca in mid-October 1326, after visiting Medina and the tomb of the prophet Muhammad along the way. He participated in the rites of the great pilgrimage, or hajj, for the first time. After completing that complicated religious observance, Ibn Battuta set out to the north for Baghdad in November 1326. He traveled for a year in the khanate of the Il-Khanid dynasty of Persia and visited such cities as Mosul, Tabriz, Basra, and Isfahan.

Returning across the Arabian Desert, Ibn Battuta went back to Mecca, which he reached in the fall of 1327. After making a second hajj, he remained in Mecca for at least one year, possibly three. Between either 1328 and 1330 or 1330 and 1332, Ibn Battuta visited various cities and ports on the Red Sea, the coast of East Africa, and the southern coast of Arabia, including the Gulf of Oman and the Persian Gulf. His stops included Aden, Mogadishu, Kilwa, Muscat, and Oman. He returned to Mecca in the winter of 1330 (or 1332) for his third pilgrimage by crossing the Arabian Desert.

Ibn Battuta did not stay long in Mecca. News circulated through the Islamic world that Muhammad ibn Tughluq, the sultan of Delhi, was hiring foreign Islamic scholars to help him run his kingdom. The ambitious Ibn Battuta decided to seek employment in India. Always the eager sightseer, he took the very circuitous and unlikely route of traveling through Asia Minor, the steppe lands north of the Black Sea, and the region of the Caspian Sea to get there. He visited such cities as Bukhara, Samarkand, and Kabul along the way. In the spring of 1334 (or 1336), Ibn Battuta arrived at last in Delhi. He met with the sultan, who (as was rumored) generously appointed Ibn Battuta to be a qadi, or judge. He served in that post until 1341.

JOURNEY TO CHINA

Under the ineffectual Muhammad ibn Tughluq, the Delhi sultanate was a disintegrating state. Ibn Battuta soon realized that he was in a dangerous situation. Unfortunately, Muhammad ibn Tughluq did not take kindly to foreign scholars leaving his service. Meanwhile, envoys arrived from China, and Muhammad ibn Tughluq wanted to return the favor and send back an embassy of his own. In 1341, he asked the well-traveled Ibn Battuta to be his envoy and carry expensive gifts back to the emperor of China. Ibn Battuta readily agreed and departed from Delhi in August 1341.

The mission was disastrous. Among other hindrances, a storm struck the harbor and destroyed the ship containing the sultan’s rich gifts for the emperor of China. However, Ibn Battuta decided to continue on to China as a private person rather than risk painful execution for failure in Delhi.

Meandering around the Malabar coast of India for about two years, Ibn Battuta reached the Maldive Islands off the southwest coast of India in December 1343. He found it to be a tropical paradise that had converted to Islam. The Maldivians needed a qadi, and Ibn Battuta needed a job. He served in that position until August 1344, at which time he became deeply involved in local political intrigues that ultimately forced his departure.

Resuming his journey to China, Ibn Battuta stopped at the fabled island of Ceylon and then sailed into the Bay of Bengal. By the time he passed through the Strait of Malacca in April 1346, he had stopped at the port of Chittagong and the island of Sumatra. Following the monsoons, he reached the south coast of China in the summer of 1346 and visited Guangzhou and Quanzhou. Although he claimed to have reached Beijing, many scholars are skeptical because his departure for India in the fall of 1346 did not give him enough time. In December 1346 or January 1347, Ibn Battuta returned to Quilon on the Malabar coast of India. Then he began the long journey that would ultimately take him back to Tangier in Morocco.

When Ibn Battuta journeyed into the central lands of Islam, that vast region was being hit by a great outbreak of bubonic plague known as the Black Death. He was fortunate not to contract it because it killed about one-third of the population wherever it struck. Leaving India, Ibn Battuta reached Zafar on the south coast of Arabia in April 1347. Sailing up the Arabian Sea, he stopped at Hormuz and then continued up the Persian Gulf to Baghdad, which he reached in January 1348. Crossing over the desert to Damascus during the late winter season of 1348, he stayed in the plague-ravaged city until July 1348. By the fall of 1348, he was in Cairo. From there, he made his fourth and final pilgrimage to Mecca. After completing the rituals, he returned to Cairo and departed from Egypt on a ship sailing along the coast of North Africa. In May 1349, he reached Tunisia. Soon arriving at his home in Tangier, he learned that his mother had died mere weeks before his arrival. He went on to Fez, the capital of Marinid Morocco, and arrived in November 1349. He had traveled for 24 years in Asia and Africa.

IBN BATTUTA’S RIHLA

After returning from a military expedition and brief tour of Granada in 1350, Ibn Battuta decided to make one last great journey: a visit to the empire of Mali, a Muslim state on the other side of the fearsome Sahara Desert and the only major Islamic land he had not visited. By July 1352, he had reached the capital of the empire of Mali (the capital was probably the town of Niani, but scholars are not certain). Leaving the Malian capital in February 1353, he traveled along the Niger River to visit the important cities of Timbuktu and Gao. By early 1354, he was back in Fez.

The trip to Mali marked the end of Ibn Battuta’s prodigious journeys. He was 50 years old and ready to settle down to a sedentary career as a Muslim jurist. However, after Ibn Battuta’s return to Morocco, Sultan Abu Inan ordered him to produce a rihla (a genre of travel literature that focused on religious pilgrimage) based on his travels. In collaboration with an accomplished young Andalusian scholar named Ibn Juzayy, Ibn Battuta worked on the manuscript between 1354 and 1355. Ibn Juzayy apparently put the finishing touches on the book, and Ibn Battuta probably did not read—let alone correct—the final version. Ibn Juzayy then died prematurely in 1356 or 1357.

The rihla was not greatly appreciated in its day. The great Moroccan historian Ibn Khaldun, who would have been a youth when Ibn Battuta’s rihla appeared, commented that many people at the Moroccan court found the great traveler to be a mediocre scholar with a tendency toward exaggeration and puffery. It was not a universal judgment, but Ibn Battuta’s rihla quickly became a forgotten classic of Arabic literature. It survived only in fragments until the mid-19th century, when two complete manuscripts were discovered in Algeria. Ibn Battuta owes the revival of his reputation as the greatest traveler of the premodern era to Western scholars, a circumstance that would probably come as a great surprise to a man who spent his last years in obscurity as a minor qadi in a Moroccan town. He died in 1368 or 1369.

Ronald Fritze
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Idrisi, Mohammed al-




Mohammed al-Idrisi was one of several scholars gathered at the court of the Norman ruler of Sicily, Roger II. He was most famous for the geographical works he completed for Roger, which were a silver planisphere; a large, very accurate map; and a compendium of geography titled Kitab nuzhat al-mushtak fi ikhtirak al-afak (The Pleasure Excursion of the Person Who Wants to Travel the Regions of the Earth).

Very little is known about al-Idrisi as a person. There is no direct evidence concerning his date or place of birth, although evidence suggests that he may have been born in 1100 in Sabtah (present-day Ceuta, a Spanish enclave in Morocco). He was possibly related to the Hammudids, a Muslim Berber dynasty. It is believed that he was educated at the center of Muslim learning in Córdoba in Andalusia, or southern Spain. He apparently traveled widely—perhaps to France and England as well as Asia Minor and around the Mediterranean Sea—gathering information for his works of geography. In addition to his interest in geography, he was also quite knowledgeable about the various properties of drugs and wrote a treatise on the subject known as Kitab al-adwiya al-mufradah (Book of Simple Drugs).

What brought al-Idrisi to Roger’s court remains unknown. Historians speculate that he was invited there by influential kinsmen who settled in Sicily. It is also possible that al-Idrisi was in the service of Roger’s father. However he arrived at Roger’s court, once there, he was warmly embraced by Roger, paid a lavish stipend, and treated as a member of the Norman nobility. It has been suggested that such treatment made al-Idrisi the object of scorn by other Muslims, especially because he so highly praised Roger in his work. It is for that reason, some historians have suggested, that al-Idrisi was often absent from the biographical dictionaries produced by other Muslims.

Whatever the opinion of his fellow Muslims, al-Idrisi met a kindred soul in Roger, who was one of the most intellectually active of all the kings of his era. The king surrounded himself with a court full of scholars and intellectuals, and he patronized all the sciences and arts, but his own passion was for geography. Roger’s court, which was located in Palermo, gave him access to travelers from all over the world. Accordingly, he constantly questioned them about the character of the lands they had visited. At some point, either on his own or at Roger’s request, al-Idrisi produced a large and detailed map of the world as well as a prose explanation of that map.

To complete that task, it is believed that al-Idrisi and the king recruited a number of dependable men to travel and collect data for the work. Based on his own experience and knowledge and the reports of those men, al-Idrisi produced his master work, commonly known as Roger’s Book. The book itself began with a description of the planet Earth and then moved on to describe seven climatic zones. In describing those and his concept of the project more generally, al-Idrisi drew on the traditions of such Greco-Roman geographers as Ptolemy and the formidable traditions of Muslim Arabic geography. The result was a map and a work of geography that were, if not accurate in every particular, far more accurate than any other works available at that time.

Indeed, to understand the achievement of al-Idrisi and his Norman patron, it is necessary to understand something of the maps produced by their contemporaries in Europe. Those maps were in many ways more allegorical than factual or scientific representations of the physical world. They displayed three continents abutting one another, all of equal size, with Jerusalem in the center of the world. On the boundaries of the known world, monsters swam in turbulent seas. Al-Idrisi, by contrast, produced a work that was the product of his own study of all the available information, a reasoned evaluation of that information, and careful firsthand observation by himself and others. The project, carried out by the king, al-Idrisi, and a staff of helpers, took 15 years.

After Roger’s death, al-Idrisi served his son William I. Scholars believe that al-Idrisi produced another momentous work of geography for William, although far less of it survives than of Roger’s Book. Al-Idrisi died around 1165 in Sicily. His work remained important for such Muslim intellectuals as the great Ibn Khaldun, but it was mostly unknown to Europeans until the 17th century.

Tom Sizgorich
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Indicator Species




Indicator species are animals or plants that are sensitive to ecological disturbance and whose health forecasts or reflects changing conditions in their native ecosystems. These species are among the first to be influenced by changes or damage to the environment, providing early warning signs that an ecosystem is experiencing adverse effects. The relative occurrence or absence of indicator species, their distribution, population density, reproductive success, and physical condition can all be useful indices for the health of ecosystems. Monitoring indicator species can provide effective means to detect potential environmental problems before permanent damage is done. Indicator species are also often utilized to monitor the success of environmental management strategies or ecosystem restoration initiatives. Due to their ability to reflect the impacts of environmental disturbances and ecosystem health, indicator species are a cost- and time-effective tool for resource managers and governing bodies.

Both animal and plant species are utilized as indicator species in order to evaluate air and water quality by government agencies, including the U.S. Environmental Protection Agency (EPA), as disturbances due to air and water pollution and climate change are reflected in indicator species’ physical condition and population dynamics. Indicators are used to verify the compliance of industries to particular antipollution laws. Indicator plants often accumulate large concentrations of pollutants in their tissues, allowing scientists to identify and monitor contaminant levels. Some fish species are useful indicators, as their constant contact with aquatic conditions and their responsiveness to disturbances including chemical, temperature, or habitat changes provide useful insight into water quality and ecosystem viability.

Natural resource managers and conservation biologists also value indicator species. Though it is impossible to account for all factors in an ecosystem, indicator species reduce this complexity by providing a clear, specific set of components that indicate environmental quality. Evaluation of indicator species is frequently incorporated into broader habitat assessment programs implemented by U.S. government agencies like the U.S. Fish and Wildlife Service (USFWS) and the U.S. Forest Service (USFS). The Habitat Evaluation Procedures (HEP) of the USFWS identifies the quality and quantity of available habitat for wildlife, utilizing indicator species in environmental assessments and analyses of habitat quality.

Birds are frequently selected as indicators based on several characteristics: Their vocalizations make them easy to detect and identify; many birds can be monitored effectively over large areas; and their abundance, distribution, and reproductive success are influenced by surrounding habitats. Perhaps one of the most famous examples in the United States, the northern spotted owl (Strix occidentalis) requires old-growth forests (natural forests with little disturbance, dominated by old trees) for nesting. If spotted owls are surviving at viable populations (strong numbers not threatened with extinction), the old-growth forests are deemed healthy as well.

Starting in the early 1900s, miners brought canaries into coal mines as an alarm system to alert them to toxic gases such as carbon monoxide or methane. The birds showed visible distress if these toxins were in the air, allowing miners to evacuate. The phrase “canary in a coal mine” has come to indicate something that is sensitive to harmful conditions that can be used as a warning system. This phrase is frequently used to characterize the plight of butterflies, as they are sensitive to habitat or climatic changes and respond rapidly to change. Butterflies respond to changes in their environment more quickly than birds or plants, and because of their extreme sensitivity and short life spans, they are a valuable indicator species. In 2015, the USFWS announced that since 1990, around 970 million monarch butterflies have vanished. Monarch population decline is attributed to the loss of habitat over the last two decades, primarily through the removal of milkweed plants, which are the butterflies’ food source, home, and nursery for caterpillars. At the same time, the butterflies’ overwintering sites in Mexico are being degraded through illegal and legal forest logging, conversion of land for agriculture, and climate change. Monarch butterflies are indicators for the health of native landscapes across North America and speak to the broader viability and success of pollinator species.

The Nile crocodile, Crocodylus niloticus, is an indicator species for the Okavango Delta, the largest inland delta in the world and the most critical wildlife sanctuary in southern Africa. The crocodile is the first to be impaired by pollution, poisons, and endocrine disruptors (compounds found in plastics and pesticides) due to their sensitive nervous systems. The Delta’s breeding female crocodile population has been reduced by up to 60 percent as a result of water pollution, a frightening indicator of effects that may be experienced by other species over time (Fraser 2009). Furthermore, the crocodile is the top predator; thus, its absence affects all levels of the food chain (producers, herbivores, primary carnivores, secondary carnivores) and the nutrient content in the aquatic ecosystem.

While indicator species are incredibly useful for understanding changes in an ecosystem, the value of any one species should be assessed cautiously. Because no two species occupy the same explicit roles in the ecosystem, no single species can be expected to represent a complete ecosystem. Thus, multiple species should be observed to detect the root causes of change and potential landscape scale effects. Secondly, some experts caution that several factors, separate from the decline of a habitat, may disturb an indicator species community. This makes clearly detecting and understanding indicator demographic trends a complicated process. These concerns require careful and thorough analysis of indicator species population changes, such as distribution and density.

Kalli Doubleday
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International Date Line




The international date line, established in 1884, is an invisible line that connects the earth’s north and south poles and runs through the Pacific Ocean. This line is used to separate one calendar day from the next, so it zigzags around land masses for convenience and is not actually a perfectly straight vertical line. The international date line is also known as the line of demarcation.

Lines of latitude and longitude crisscross the earth’s surface in a gridlike pattern. The equator is the main line of latitude that divides the earth in half horizontally into northern and southern hemispheres. Likewise, the prime meridian is the main line of longitude that divides the earth in half vertically into eastern and western hemispheres. While a planet’s equator is relatively easy to designate on a globe (because it is a natural line equidistant from the poles), the prime meridian is an arbitrarily designated line required for global standardized timekeeping, meaning it could be placed anywhere. The international date line is located on the opposite side of the globe from the prime meridian, and also serves to split the earth into eastern and western hemispheres. It roughly follows the 180-degree line of longitude, but it curves around landmasses for timekeeping convenience.

In 1884, representatives from 25 countries assembled in Washington at the International Meridian Conference. They decided that the universal prime meridian would pass through the Greenwich Observatory in England and that the earth would be divided into 24 time zones of 15° longitude each. This location was partly chosen because the prime meridian’s counterpart, the international date line, would fall mostly in the Pacific Ocean. The Pacific Ocean was decided as the location for the international date line because it would be extremely inconvenient for this line to fall across a landmass.

[image: image]

The international date line demarcates one consecutive calendar day from the next. The countries closest to the date line, on either side of the line, are the furthest apart in time. So for example, if it is 10 a.m. on Monday in Siberia, Russia, at the very same time, just across the date line in Hawaii, U.S., it is 12 p.m. on Sunday. (ABC-CLIO)

Countries along the international date line can choose which side of the line to be on. In 1979, the Republic of Kiribati—a series of islands in the Pacific Ocean—gained independence from Great Britain. Some of the islands were on the western side of the date line, and the others were on the eastern side. In order to get in the same time zone, the eastern half of Kiribati decided to skip January 1, 1995. The Republic of Kiribati has been the first country to experience the new year ever since.

Emily Robinson
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Kyoto Protocol




The Kyoto Protocol is an international agreement related to the United Nations Framework Convention on Climate Change. It provides formal intergovernmental regulations for the monitoring and reduction of greenhouse gases worldwide and was first signed in December 1997.

BACKGROUND

The creation of the Kyoto Protocol followed the events at the 1992 Earth Summit, a conference that produced an international environmental treaty called the United Nations Framework Convention on Climate Change. The signing parties to this convention agreed to add later updates (which included the Kyoto Protocol) five years later. After Russia ratified the Kyoto Protocol in November 2004, the treaty entered into force on February 16, 2005. Although the Kyoto Protocol has been viewed as an important step in the effort to reduce global greenhouse emissions, the United States, one of the world’s largest producers of greenhouse gases, has abstained from ratifying the treaty.

TERMS

According to the terms of the Kyoto Protocol, signing parties must reduce their greenhouse gas emissions by a certain percentage below their respective 1990 levels. The treaty made an exception for developing countries, which were excused from reducing their carbon emissions until later agreements. The Protocol recognizes that currently developed nations are the ones mainly responsible for the current high levels of emissions found in the atmosphere today, following 150 years of industrialization, and therefore demands that these industrialized nations cut back more on their emissions than their unindustrialized counterparts. In addition, industrialized nations may swap amounts of pollution quotas with other states for a price. The gases regulated by the treaty include carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride.

The European Community and 37 other industrialized countries committed to reduce their greenhouse gas (GHG) emissions by 5 percent from 1990 levels during the first commitment period, which lasted from 2008 to 2012. That reduction was increased to 18 percent during the second commitment period, which covers 2013 to 2020. The Protocol demands that countries mostly use national measures to reach their emission targets, but it also allows three market-based mechanisms that help facilitate “green” investment: International Emissions Trading, Clean Development Mechanism, and Joint Implementation.

Opponents of the current Kyoto Protocol question the economic impact the treaty may have on industrialized states, as well as the exception for developing states. Such critics as the United States, which refuses to ratify the protocol in its current form, argue that the agreement strongly hurts economic growth while doing little to reduce overall emissions. Despite this resistance, much of the rest of the world has progressed in its commitment to reduce emissions without the leadership of the United States.

PARIS AGREEMENT

The Kyoto Protocol’s first commitment period started in 2008 and ended in 2012. A second period of commitment was negotiated, resulting in the Doha Amendment to the Kyoto Protocol. The amendment does not yet have enough support to come into force. In 2015, however, the United Nations negotiated the Paris Agreement, which also requires participating countries to reduce their CO2 emissions. President Barack Obama initially brought the U.S. into the agreement. But shortly after his inauguration in 2017, President Donald Trump announced he was withdrawing the United States from the agreement on the grounds that it didn’t benefit Americans.

Andrew Helms
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Latitude and Longitude




Understanding the location of physical and cultural features of Earth is based on knowledge of the geographic grid, otherwise known as latitude and longitude. This knowledge is vital. For instance, the changing angle of the sun in the sky is responsible for seasons and is determined by latitude. Time, with all its implications for life, is kept using the relative longitudes of locations. The world system of latitude and longitude can be used to precisely specify an absolute location on the planet, and so is essential for mapping and navigation.

Although latitude and longitude form a spherical grid, Earth’s surface is not spherical, because of its oblate shape and topographic features. However, the planet’s nonspherical properties are ignored in the use of the grid. Latitude and longitude are based on the classical Greek system of angular measurement. Degrees are divided into minutes and seconds. One degree includes 60 minutes and one minute is composed of 60 seconds. The notation for degrees, minutes, and seconds are, respectively, °, ′, and ″. An example of a location on the earth’s surface is 37°07′13″N, 97°04′20″W. Such a notation will direct an observer to within a few feet from any point on the planet.

The manner in which latitude and longitude have been fitted to the globe is universally accepted. Latitude has been certain since the time of the classical Greeks. They appreciated the roundness of the Earth and that there was an equator. The equator is key to the numbering of latitude because it provides a physically based “0” latitude. The equator is in the center of the rhythmic migration of the solar declination between the Tropic of Cancer and Tropic of Capricorn. There is 90° of angular arc between the equator and the northern end of the axis of Earth’s rotation, and between the equator and the southern end of the earth’s axis of rotation. Therefore, latitude is numbered from 0° to 90° in the northern hemisphere and the southern hemisphere, which are designated by their positions relative to the equator. Any individual line of latitude represents a circle around the globe oriented west and east. The equator has the largest circumference possible and other lines of latitudes have progressively shorter circumferences with increasing angular distance from the equator.
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The Earth is divided into parallel lines of latitude and lines of longitude (meridians) that converge at the poles. This grid system was created to make it easier to describe the location of a place. For example, if your latitude is 30 degrees north and your longitude is 40 degrees west, you would be in the middle of the North Atlantic Ocean. (ABC-CLIO)

Lines of latitude are always parallel with each other, so they are also known as parallels. Any number of parallels can be designated using degrees, minutes, and seconds. Neglecting Earth’s oblate shape, one degree of latitude is anywhere equivalent to approximately 69 miles. Important lines of latitude usually shown on maps or globes are the Tropic of Cancer, Tropic of Capricorn, Arctic Circle, Antarctic Circle, and the equator. The tropic lines delimit the poleward boundary of the tropics—23.5° north and south of the equator. The Arctic and Antarctic circles denote the equatorward limits of polar latitudes. They are the limits for the regions in which the sun can stay above the horizon for more than 24 hours in the summer and below the horizon for 24 hours or more in the winter.

Lines of longitude are also known as meridians. As is the case with lines of latitude, any number of lines of longitude can be drawn on a map or globe. Yet, there are substantial differences between meridians and parallels. Meridians cross parallels at right angles and as such are north-south lines. Importantly, meridians converge to the north and south poles. That is, the earth distance associated with one degree of longitude approximates 69 miles at the equator and becomes progressively less by latitude. At 45°, the distance lessens to 49 miles; and at 90°, the distance is zero because of the convergence of meridians.

TIMEKEEPING

Time is determined from the daily appearance of the sun above the local meridian. One day (apart from a few minutes’ variation caused by the elliptical Earth orbit around the sun) is 24 hours long. This is because the sun appears to pass westward over 15° of longitude per hour. It is not a coincidence that 24 hours multiplied times 15° per hour yields a circle of 360°. Indeed, the configuration of clocks with hands for hours, minutes, and seconds is an analog to Earth/sun relations.

Where is 0° longitude? Unlike latitude, there is no physical argument for any meridian to have this label. Originally, most cities calculated their time using their local meridians. As human society became more time-aware and time-dependent, the need for global timekeeping became vital. By the 19th century, matters of increasingly rapid communication and navigation were confused by the plethora of central meridians. A passenger traveling the Transcontinental Railroad of North America was subjected to a new time at every major stop. In 1884, an international convention adopted a universal time scheme with time zones. The world’s prime meridian was set as the longitude of the Royal Observatory at Greenwich, United Kingdom. This was a result of the United Kingdom’s longstanding astronomical observations at this location, and the fact that the International Dateline (at which calendar days change any time it is crossed) was relegated to the population-sparse Pacific Ocean.

Longitude is numbered as the angular difference east and west of the prime meridian. Eastward, longitude is numbered from 0° to 180°, and this is the Eastern Hemisphere containing Asia. Westward, the numbering is also from 0° to 180°, and this is the Western Hemisphere that contains the Americas. The international date line nominally follows 180° longitude, but it deviates around islands and countries to avoid being a nuisance to population centers.
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Malthus, Thomas




Thomas Malthus (1766–1834) was a British economist, scholar, and clergyman who put forth the argument that continued population growth, if unchecked, will lead eventually to famine, disease, and war and cannot be sustained. Malthus’s Essay on the Principle of Population, which was first published in 1798, remains in print and remains a highly influential work in population studies even today.

Malthus was educated at Jesus College of Cambridge University, from which he also earned an MA degree in 1791. He took holy orders in the Church of England in 1797. After serving as an Anglican curate, he was appointed as professor of history and political economy at the East India Company College in 1805. He was appointed as a fellow of the Royal Society in 1818.

Malthus wrote extensively on demography, economics, and related subjects throughout his lifetime. His Essay on the Principle of Population was his first major work, and it remains his most influential contribution to scholarship. Here Malthus set forth what he regarded as the “laws” of population. His basic argument was that increase in population is limited by “means of subsistence.” Populations increase when means of subsistence are plentiful, but under conditions of scarcity, populations come to be limited by “misery and vice.” The principles articulated in the Essay remain associated with Malthus and are referred to today as the Malthusian view of the relationship between population and resources. The Essay went through six editions during Malthus’s lifetime, and in each new edition, Malthus updated his material and responded to critics of his ideas. Numerous editions of the Essay are in print today.

Malthus wrote in response to writers of the late–18th-century Enlightenment. These Enlightenment writers took a utopian view of human progress and argued that continued improvement in the human condition could be expected as populations increased. Malthus responded specifically to William Godwin (1756–1836) and Marquis Nicholas de Condorcet (1743–1794). In fact, the full title of the first edition of the Essay is An Essay on the Principle of Population, as It Affects the Future Improvement of Society with Remarks on the Speculations of Mr. Godwin, M. Condorcet, and Other Writers.

Godwin (who became the father-in-law of the poet Percy Bysshe Shelley) believed in the perfectability of humanity. As an anarchist, Godwin blamed political institutions for hindering human progress, and he believed that eventually each person’s action would benefit the community in which he or she lived. Condorcet, along with other Enlightenment authors, developed the idea of progress. He viewed scientific knowledge and technology as ongoing keys to a world of increasing wealth and influence, which in turn would generate political and economic equality. Like Godwin, Condorcet saw individual interest coinciding with community interest. On the other hand, in arguing that shortages of resources would eventually limit population, Malthus saw a profound disconnect between individual and community interest.

In short, Malthus saw poverty as a necessary condition of society. In that sense, Malthus’s work can be seen as a precursor of the tragedy of the commons. Malthus also influenced the work of Charles Darwin and Alfred Russel Wallace, who developed the theory of evolution and based the evolutionary process on the principle of natural selection, which was again dependent on competition for scarce resources.

CRITICISMS OF MALTHUS’S WORK

Malthus’s work was subject to a great deal of criticism during his lifetime. Some of this criticism was personal. He was criticized for discussing population-related issues without himself having children. This criticism stemmed from a mistaken belief that his holy orders required priestly celibacy. In fact, as an Anglican clergyman, Malthus could and did marry, and he and his wife had three children. More serious criticism focused on Malthus’s theories. Following Condorcet, some critics saw technology as eliminating the constraints of population pressure. This argument continues to be articulated today, although Malthus’s modern critics no longer see technology as means to complete elimination of poverty and population pressure. Rather, debate centers on the extent to which technology can alleviate the impacts of population growth on society and, increasingly, on the natural environment. Meanwhile, Karl Marx viewed excess population in terms of creating an industrial reserve army seeking employment. Thus, Marx regarded Malthus as an apologist for the excess of capitalism.

Many modern observers have claimed that Malthus saw resources as fixed entirely. In fact, Malthus recognized the possibility that human ingenuity can create resources. In the Essay, Malthus compared populations under various means of subsistence. He wrote, “In the rudest state of mankind, in which hunting is the principal occupation, and the only mode of acquiring food, the means of subsistence being scattered over a large extent of territory, the comparative population must necessarily be thin.” He saw society advancing from this “rudest state of mankind” to what he called a “society of shepherds” or nomads, whose social structure enabled them to coordinate movements:

It is well known that a country in pasture cannot support so many inhabitants as a country in tillage, but what renders nations of shepherds so formidable is the power which they possess of moving all together and the necessity they frequently feel of exerting this power in search of fresh pasture for their herds.

In examining the progression of society from the “society of shepherds” to societies supporting themselves by settled agriculture, Malthus recognized that improved agricultural technology could result in an increased level of per-acre agricultural productivity. However, he saw this increase in agricultural productivity as arithmetic, whereas the increase in population associated with this increased agricultural productivity. In his words:

The population of the Island is computed to be about seven millions, and we will suppose the present produce equal to the support of such a number. In the first twenty-five years the population would be fourteen millions, and the food being also doubled, the means of subsistence would be equal to this increase. In the next twenty-five years the population would be twenty-eight millions, and the means of subsistence only equal to the support of twenty-one millions. In the next period, the population would be fifty-six millions, and the means of subsistence just sufficient for half that number.

In other words, he was very doubtful as to whether technology could keep up with increased population.

Malthus’s ideas influenced many later demographers and economists. Some challenged his view that technology could not keep up with population increases. Others, such as Richard Easterlin, rejected his view that what Malthus called “passion between the sexes,” or the desire to bear children, was constant. Easterlin postulated that people are inclined to produce more children under favorable economic circumstances. However, Malthus’s writings remain influential, and the debate generated by his theories continues today.

Fred M. Shelley
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Map Projections




Map projections address the basic problem in displaying the real world, which appears in three dimensions, onto the two-dimensional surface of a map. Because there is no way to accomplish this transformation without distorting at least one of the basic elements indicated on the map (angles, areas, distance, and direction), a means of projecting the information contained on the map must be selected. Although no map can show all of these basic relationships in their true dimensions, many projections are able to display at least one of them accurately and truly.

Geographers and others working with maps must be aware of the limitations of the projection they employ to display their data and how it may affect the spatial relationships they wish to analyze. In theory, a limitless number of map projections might be constructed, and with the development of computer cartography, many options are readily available. Today, with the click of a computer mouse, the projection of a map and the information it contains may be changed instantaneously—an option made available to geographers only in recent years. However, over the past several centuries, some projections have become “standard” in the sense that they are used more than others for certain purposes, such as comparing relationships between areas, navigating on the high seas or during transoceanic flights, or other types of uses.

Most map projections feature a “graticule,” a grid of lines running in both a north-south direction and in an east-west direction. The graticule may be based on lines of latitude and longitude, or can be based on some other coordinate system. The purpose of the graticule is to provide a series of reference points and lines that may be useful to those working with the map, but it must be remembered that the graticule typically contains the same problems with distortion and inaccuracy that the projection itself does. This is connected to the general problem of scale on map projections. Due to the inaccuracies and distortions of casting a three-dimensional surface onto a two-dimensional map, true scale cannot be maintained from a given point in all directions. Some projections are constructed so as to present scale accurately between two points along a given line, but scale will still be inaccurate in other directions from the point of reference.

Another aspect of a projection affecting its appearance, accuracy, and utility is how the projection is centered; that is, what point or latitude represents the main line of reference in the center of the projection? Frequently the equator is chosen for centering a projection; this is called an equatorial projection, but for certain reasons, one of the poles may be chosen as the centering point, resulting in a polar projection. Any other point or line may be used as well, and changing the centering point will dramatically alter the appearance of the map.

TYPES OF MAP PROJECTIONS

One of the most famous map projections is also one of the oldest. The Mercator projection was introduced in 1569 by Gerardus Mercator, a Belgian cartographer who was interested in designing a chart that would be accurate for determining true compass bearings for oceanic navigation. Mercator’s projection is no doubt the most widely used projection in history, as it was adopted not only by mariners but over the centuries became popular with other map users as well. The projection is a cylindrical projection centered on the equator, and thus the graticule lines, both for latitude and longitude, appear as parallels running at right angles.

Maps constructed using this projection contain very little distortion in regard to direction, and the Mercator projection or some derivative remains the basis for many, if not most, nautical charts used by oceangoing traffic even today. On the other hand, the Mercator projection tends to distort the relative size of regions, especially toward the poles, which themselves are not represented on the projection. The Mercator projection shows areas that lie in equatorial regions close to their true proportions. However, when employed for a world map, it leads to misrepresentations of actual geographic relationships. The classic example is the comparison of the relative sizes of Greenland and South America on the Mercator projection. Greenland, located at a northerly latitude, is shown to have about the same area as South America, when in reality South America is more than eight times larger. Such distortions make the Mercator projection a poor choice for teaching regional geography in most cases.

A better choice for most geography teachers and students is the equal area projection. In the 1970s, the German activist and academic Arno Peters claimed that continued widespread use of the Mercator projection in textbooks and academic publications was in fact an indication of cultural imperialism, and in essence a subtle attempt to undermine the cultural identity of peoples in the economically developing world. Peters claimed to have developed a new projection that corrected the misuse of maps based on the Mercator projection, called the “Peters projection.” In fact, this projection was actually nearly identical to a much earlier projection developed by James Gall, a Scottish cartographer.

Although Peters’s claims about the accuracy of his map were exaggerated, his main point concerning the appropriate use of map projections, and the implications of such use, was well taken and generated much discussion in the cartographic community and among geographers in general. The Peters projection is not widely used today, but several well-known equal area projections of this type are frequently encountered. One example is the Albers projection, or the Albers equal area map. It is a conic projection centered on two standard lines of latitude located in the middle latitudes. The Albers’s projection is especially useful for regions like the United States and Europe, where the east-west distance is greater than the north-south extent of the region. Other common equal area projections include Mollweide’s equal area and Lambert’s equal area projections, both of which are frequently used in atlases.

Another popular choice for teachers and students, as well as for atlases, is the Robinson projection. This map was created by geography professor Arthur E. Robinson in 1963 at the request of atlas publisher Rand McNally, which sought a visually appealing world map that would reduce the more obvious distortions of earlier maps and create a better sense of a round Earth. For those reasons, Robinson called the map he came up with an “orthophanic” (“right appearing”) projection. It eventually became known more widely as the Robinson projection. This map was quickly adopted by geotechnology company Rand McNally, which still uses it. The map has also been used by U.S. government agencies and by the National Geographic Society for its world reference maps from 1988 until 1998, when the society replaced it with the Winkel Tripel projection.

The Robinson projection is considered a compromise between the land-area distortions of the Mercator projection and the shape distortions of the equal-area maps, so that neither kind of distortion is as visible as on those projections. The Robinson projection map is oval shaped, and the meridians (lines of longitude) are curved outward elliptically from the map’s center meridian and evenly spaced. These curved meridians do not converge at the poles; both poles form a line instead of a point. The lines of latitude are straight and are evenly spaced between 38° N and 38° S. Above and below those parallels, distortion does occur, and Greenland looks proportionally larger than it really is, but not to the extent that it does on the Mercator projection. There are, however, distortions of distance and compass direction on the Robinson projection—meaning this map would not be useful for navigation.

Reuel R. Hanks

See also: Cartography; Latitude and Longitude; Mercator, Gerardus

Further Reading:

Bugayevskiy, L.M., and John Snyder. 2013. Map Projections: A Reference Manual. Boca Raton, FL: CRC Press.

Klinghoffer, Arthur Jay. 2006. The Power of Projections: How Maps Reflect Global Politics and History. Santa Barbara, CA: Praeger.

Marsh, George Perkins




George Perkins Marsh (1801–1882) was a polymath author, linguist, farmer, diplomat, politician, and early environmentalist. He was the first to bring together history, the earth sciences, and several branches of biology in order to identify human effects on the environment and Earth’s climate. Near the end of his life, he concluded that human effects on the air, land, and seas are largely destructive. However, he hoped that with the accumulation of scientific knowledge and restraint, humans might minimize and possibly reverse these negative effects. The work he is remembered for today, Man and Nature or Physical Geography as Modified by Human Action (1864), documented a long history of environmental destruction. His legacy is commemorated in the Marsh-Billings-Rockefeller National Historic Park located at his birthplace in Woodstock, Vermont.

To understand Marsh’s wide-ranging accomplishments and interests, it is helpful to consider the breadth and reach of his thinking. His main preoccupations were public service, art, language, and natural science. He spent the majority of his life in public service. He was appointed to the Vermont Supreme Legislative Council (the precursor to the Vermont Senate) in 1835. He served three terms in the U.S. House of Representatives from 1843 to 1849. In Congress he drafted and passed the legislation that created the Smithsonian Institution (the Hough-Marsh Bill of 1846). He maintained a close relationship with the Smithsonian through his sponsorship of and long friendship with Spencer Baird, curator and later secretary of the Smithsonian from 1847 to 1887. Marsh also spent 25 years overseas as a diplomat. He was ambassador to Turkey (at the time, the Ottoman Empire) from 1849 to 1852. From 1861 to his death in 1882, he was the ambassador to the Kingdom of Italy. He is still the longest-serving ambassador in U.S. history. In between his diplomatic assignments, he served as railway commissioner, statehouse commissioner, and fisheries commissioner for the state of Vermont. His published reports for each of these commissions reflected his broad knowledge and ecological concerns. His recommendations, even when not implemented at the time, had lasting influence. He contributed to the founding of the national park system, and his writings were referred to in the debate leading up to the 1964 Wilderness Act.

Marsh had a strong interest in art, maintaining a lifelong friendship with Hiram Powers, a boyhood friend who became the most prominent American sculptor of his day. Marsh’s collection of contemporary engravings was one of the most extensive private collections in the United States at the time.

Marsh’s fascination with language began at an early age. Before entering Dartmouth, he was fluent in several languages. When he graduated first in his class, he had mastered half a dozen languages, largely on his own. By the time of his death, he could read and speak 20 languages, especially the Scandinavian languages. His first book was the Compendious Grammar of the Old-Northern or Icelandic Language (1838), the first of its kind in English. His Lectures on the English Language, lectures that were delivered in 1858–1859 at Columbia University in New York City, was published in 1860. The Origin and History of the English Language, and of the Early Literature It Embodies followed in 1862. He edited several dictionaries and wrote extensively on language throughout his long life. He was instrumental in educating Vermont’s deaf and mute people in 1823 and was an early supporter of American Sign Language. In 1870 he supplied American deaf-mute educator Edward Gallaudet with information about deaf-mute education in Europe. Reflecting his holistic, synthetic thinking, March’s views as a linguist and as an ecologist were consistent. For example, in Lectures on the English Language, he wrote regarding language that “love of innovation is . . . dangerous” and that the “wantonness of an hour may destroy [what] only the . . . labor of years or of centuries can rebuild.” Similar phrases recur in his environmental writing regarding the swiftness of deforestation versus the long patience required to replace a cleared forest.

STUDIES ON HUMANS AND THE ENVIRONMENT

Marsh’s interest and instruction in nature also began at a young age. In Life and Letters, he recalls riding at age four or five in a carriage with his father:

[T]he whole earth lay spread out before me. My father pointed out the . . . trees as we passed them, and told me how to distinguish their varieties. . . . He stopped his horse on the top of a steep hill, bade me notice how the water there flowed in different directions, and told me that such a point was called a water-shed.

Marsh used his linguistic skills to buttress arguments regarding deforestation and climate, particularly with respect to desertification and torrential floods. By surveying a growing European silviculture literature, augmented by his knowledge of early texts, he traced the deforestation and desertification of southern Europe and the Mediterranean over hundreds of years, even millennia. These studies revealed a pattern that matched his personal experience of the deforestation of Vermont. By tracing the etymological roots and meanings of place names, he identified many formerly wooded areas in Europe and the Mediterranean Basin, from Jutland, Denmark, to the cedars of Lebanon and the Sahara. From his study of historical geography, his travels, and his farming and business experience in Vermont, he reconstructed a destructive synergy between human beings, animals, and climate. The result was the permanent deforestation and desertification of Spain, southern France, Italy, Greece, the Middle East, and North Africa.

Marsh described the process as follows. First, humans cleared the land of forests for agriculture and pasture. Second, domesticated animals ate tree seedlings before they could grow back. Third, the formerly rich, damp forest soil became dry and sterile without trees to protect and replenish it. Finally, with minimal vegetation and with drought alternating with flooding, the Garden of Eden became a desert. Marsh’s description in Man and Nature is vivid and prescient. “There are parts of Asia Minor, of Northern Africa, of Greece, and even of Alpine Europe, where . . . man has brought the face of the earth to a desolation almost as complete as that of the moon.”

Man and Nature was the first book to correlate the separate sciences of geography, hydrology, forestry, agriculture, and climate history. It was also the first to implicate human causes for widespread changes in climate. The dominant view of the time saw man as a merely passive, inconsequential occupant. In contrast, Marsh wrote that “man has . . . modified, if not determined the material structure of his earthly home.”

Marsh did not consider himself a scientist but instead considered himself a compiler of scientific information, one who demonstrates care in reporting. In Man and Nature he writes that “[t]he subject of climatic change, with and without reference to human action as a cause, has been much discussed.” However, he laments the lack of comprehensive reliable data and therefore dismisses contemporary discussions as speculations based on scanty information. Nevertheless, he does not dismiss the possibility of discovering a link between human action and climate change. Instead, he summarizes the available data on forests, hydrology, and climate and notes the specific information that would be necessary in order to have a complete picture of the climatic action of forests.

Even without the data needed to prove human effects on vegetation and weather, Marsh wrote in Man and Nature that the preservation and extension of existing forests “are among the most obvious of the duties which this age owes to those that are to come” and that we “are never justified in assuming a force to be insignificant because its measure is unknown, or even because no physical effect can now be traced to it.” Marsh’s biographer, David Lowenthal writes, “Knowledge of and concern about the environment have greatly advanced since Marsh’s day. . . . But his analysis of forest and watershed control remains largely valid, his broad cautions about the unintended consequences of human impacts still cogent.”

Mark Snyder
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Mercator, Gerardus




One of history’s most influential cartographers, Gerardus Mercator made history with his maps depicting reliable latitude and longitude ratios. Although he suffered persecution for his beliefs at various stages of his life, his contribution to scientific mapmaking in the age of discovery was great.

THEOLOGY TO GEOGRAPHY

Mercator was born Gerard de Cremer (or Kremer) on March 5, 1512, in Rupelmonde, Flanders (now Belgium). His parents, Hubert and Emerentia Mercator, were poor people from Gangelt, and they returned home shortly after Mercator’s birth. The parents of seven children, Hubert and Emerentia were barely able to feed their family. However, they were firmly committed to educating their children and soon recognized Mercator’s keen mind. In 1518, the family returned to Rupelmonde, where their older son Gisbert had already graduated from Louvain University and had become a respected priest. Mercator quickly took to school in Rupelmonde, where he mastered Latin as well as mathematics and theology.

When Mercator’s father died in about 1526, Gisbert became Mercator’s guardian. Gisbert sent his younger brother to Hertogenbosch in the Netherlands, where Mercator studied from 1527 to 1530. Then, he moved on to the University of Louvain, where he gained a master’s degree in 1532. During his education, Mercator changed his name from Cremer to Gerardus Mercator de Rupelmonde.

While he attained his degree in humanities and philosophy, Mercator was distressed by the emphasis on Aristotle at Louvain. Science taught him that Aristotelian notions of the universe were faulty, and biblical accounts also contradicted the ancient philosopher. Struggling to maintain his faith while avoiding charges of heresy, Mercator developed a passion for geography rather than continue his philosophical studies beyond the master’s degree. That passion was spurred by travels throughout the Low Countries (Belgium, the Netherlands, and Luxembourg), during which Mercator came to believe that geography was the most appropriate discipline for understanding the nature of God and the universe.

In 1534, Mercator took up study again at Louvain, but this time, he studied mathematics, astronomy, and geography with the renowned scholar Gemma Frisius. The two men struck up an intense collaboration with the goldsmith Gaspar van der Heyden (also known as Gaspar à Myrica), from whom Mercator learned engraving. Together, the three men began to make globes and maps, and soon their work was highly acclaimed. By 1536, they attained a royal commission from Holy Roman emperor Charles V and created for him a copper-engraved terrestrial globe. Because of their innovative use of copper rather than wood for the engraving, the trio was able to develop a far more accurate and elaborate globe than any other seen in Europe before. Moreover, Mercator’s use of a new, graceful italic form of lettering quickly became a standard.

As his career as a cartographer was taking off, Mercator married Barbara Schellekens. The pair went on to have six children, three of each gender. His family was a great support to Mercator as his career expanded. In 1537, Mercator, Frisius, and van der Heyden reunited to make a celestial globe, again using Mercator’s fluid italics and copper plates.

CREATING ACCURATE MAPS

Mercator also created a series of acclaimed printed maps. In 1537, he produced a map of Palestine that traced the biblical route of Moses and the Israelites. Even more impressive was his 1538 projection map of the world, including the first study of North America to use that name. The year 1540 was prolific for Mercator; he published an intricate map of Flanders that was the most accurate ever produced, thanks to the mathematical information of Frisius and a recent survey of the region. Mercator also produced a guidebook to engraving italics.

As Mercator worked to create maps and globes that were as accurate as possible by using the new knowledge being gathered in the age of discovery and by implementing new ideas of mathematics, suspicions arose about his loyalty to the Catholic Church. In 1544, he was arrested for heresy and imprisoned in the Rupelmonde Castle, where he was held for seven months. Throughout his imprisonment, the University of Louvain argued for his release, and although many arrested at the same time as Mercator were burned alive, Mercator was eventually freed. By the time he returned to his family, however, he was quite poor, as he was forced to pay for his own imprisonment, and many of his belongings had been confiscated. Nevertheless, his ambition to create the most accurate map of the world inspired him to return to his work immediately.

For the rest of his life, Mercator passionately created maps that defied all previous conventions and surpassed the knowledge of the cartographers before him. In 1552, he moved his family to Duisburg in the Duchy of Cleve (now Germany), where he established his own cartographic workshop. He also helped to found a grammar school with a curriculum he designed. Mercator taught mathematics at the school from 1559 to 1562.

While in Duisburg, Mercator designed maps of Europe in 1554, the British Isles and Lorraine in 1564, and the world in 1569. The latter map was particularly important because its rendering of latitude and longitude as straight lines, spaced to give an accurate ratio between the two, allowed mariners to guide their ships in straight lines without readjusting their compasses. The map became known as the Mercator projection and is still widely used today. Mercator also began his Atlas—a term he coined to describe a collection of maps—which he hoped would explain the creation of the earth by fusing geography and theology.

Mercator was also busy with other work while he lived in Cleve. He wrote many commentaries on the Bible, including Concordance of the Christian Gospels, and researched the genealogy of Cleve’s royalty. From the 1560s until his death, Mercator worked on his Atlas, which was eventually published by his son as the Mercator-Hondius Atlas in 1606. Acclaimed as a master cartographer, Mercator died in Duisburg on December 2, 1594.

Nancy L. Stockdale
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Migration




Migration is the movement from one location to another. Various species of insects, birds, and mammals all migrate, but the discussion here will focus on human migration. Population geographers and demographers study the migration of people because this movement transpires across space and directly influences population growth in many parts of the world. Modern humans have migrated throughout their history, at times in large groups.

Migration may be temporary or permanent, as some people migrate to another place for a few months or years but return to their point of origin after some period of time. Migration within a developing country’s borders often takes place between the core and periphery, as people move to urban areas seeking economic opportunity but often must settle in squatter settlements. Migrants frequently cross international boundaries, either legally or illegally, and controlling the level of migration, regulating who is allowed to migrate, determining the status of undocumented migrants, and other aspects of migration policy often become important and controversial political issues. In the United States, policy decisions aimed at controlling illegal migration receive a great deal of attention at the federal level as well as in states near the border with Mexico.

Generalizations about migratory motivation are difficult to support, given the various types and rationales for migration and the many different historical circumstances in which movement has occurred. The geographer Everett Lee developed the push-pull concept in attempting to identify factors that affect the tendency of people to migrate. Simply put, Lee holds that potential migrants will consider two sets of criteria when making a decision about migration. The “push” factors are negative characteristics of the place of origin and might include high unemployment, poor living conditions, a limited number of potential spouses, and numerous other conditions. The “pull” factors represent the positive qualities of the potential destination, such as a higher standard of living, being closer to family members who have already migrated, greater political or religious freedom, and so forth. These considerations may work either individually or together to motivate a person or group to migrate. The incentives to migrate must overcome the difficulties caused by distance between two locations, including both the financial costs of moving and the time required. In general, the “friction” associated with migration increases as distance increases, but many other factors increase the difficulty; the necessity of crossing an international border, for example, even if located nearby, functions to inhibit migration.

HISTORY

Anthropologists who support the “out of Africa hypothesis” (sometimes called the “candelabra theory”) believe that modern humans populated the earth over many centuries by migrating from a central starting point in eastern Africa, beginning about 50,000 years ago. If accurate, this would represent the largest and most important migration in human history, but there are many additional episodes of massive migration in the human experience.

In many historical instances, thousands or even millions of people were forced to migrate against their will. Some well-known cases of such forced migration include the so-called “Babylonian captivity” of the Jewish people in the sixth century BCE and the enslavement and transport of 8–10 million Africans to the New World from the 16th to the 19th centuries. Migration to the New World, both voluntary and forced, completely changed the landscape of that region between the 16th and 20th centuries, leading to development of vast stretches of wilderness, often with catastrophic consequences for indigenous peoples.

Rural to urban migration in Great Britain as a result of the agricultural revolutions in the early 19th century provided labor that fueled the industrial revolution, a process that was repeated to some extent in every other economically advanced country and that continues in the developing world. This migration provided the labor resources to build the modern global economy, and labor migratory flows continue to be vital to the economic progress of many nations.

Forced migration, or population shifts brought about by war or decolonization, resulted in millions of deaths in the 20th century alone. At the conclusion of World War II, millions of ethnic Germans living in Eastern Europe were forced back to Germany, even though their ancestors had lived outside the region for generations. The partition of India in 1947 set in motion one of the largest migrations in modern times, with some 12 million people shifting between India and Pakistan, along with an estimated one million deaths. Many others move to flee religious or political oppression.

Human beings migrate because of both hope and fear; and indeed, the mass movement of people is a recurrent theme in the history of humanity, bringing advancement and development along with calamity and cruelty. Today, the majority of those relocating are economic migrants who seek better wages and living conditions, either within the confines of the nation they live in or abroad. Some economic migrants are seasonal laborers who frequently harvest agricultural products, as is the case with sugarcane harvests in some Caribbean countries.

The United States is frequently cited as a “nation of immigrants,” a statement that is quite true in that, with the exception of Native Americans, who make up about 2 percent of the population, all citizens or their ancestors immigrated to the United States from somewhere else. Of course, other countries also are “nations of immigrants,” most notably Australia, Canada, and some Latin American countries like Brazil and Argentina.

Reuel R. Hanks
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More Developed Countries and Least Developed Countries (MDCs and LDCs)




To understand geographic patterns and variations in how the environment affects humans, researchers and policy makers use terms to describe contrasts in countries’ economic development. Over time, terms have been used such as More Developed Countries (MDC) and Less Developed Countries (LDC); First World, Second World, and Third World; and, more recently, Global North and Global South. It is important to understand what the various terms mean, how society and policy makers employ the terms, and how actual conditions vary for people living in these different geographic regions.

The terms MDC and LDC refer to the industrial development of a country. Most often, researchers have used the term “lesser developed” to indicate countries with high rates of population growth, unemployment, and poverty; greater environmental degradation; and a tendency for political instability. These places were mostly colonies that supplied natural resources to outside empires and are still dependent on the economies of the wealthier countries and corporations. These terms, however, promote the concepts that sharply divide the world: rich versus poor, MDC versus LDC, and core versus periphery.

The notion of “development” sounds like a place is lacking progress and needs to improve. This not only underscores inequalities but also downplays the mobility of many countries at the threshold between the two categories. In fact, some countries have moved from less to more developed in just a decade or two. Other countries, however, are caught in the less developed category due to long-term historical relationships, resource exploitation, and economic structures.

The ranked terms First, Second, and Third World are a product of the Cold War, a time when the world was geopolitically divided between the United States and the Union of Soviet Socialist Republics (USSR). All countries were aligned with either the United States or the USSR from post–World War II until the early 1990s, when the USSR broke apart into individual countries that shifted to capitalist economies. Countries were labeled First World if they were capitalist democracies and Second World if they were communist-controlled economies. The Third World comprised all the remaining, typically poorer, countries.

There are many problems with these categories because they imply a ranking where first is best and third is clearly worst. The terms further became obsolete when the Second World dissolved at the end of the last century.

POST–COLD WAR CATEGORIES

Other terms came into use beginning in the late 1970s, when the Independent Commission on International Development Issues (ICIDI) was established and led by former German Chancellor Willy Brandt, and thus became known as the Brandt Commission. Their most famous report was “North-South: A Programme for Survival,” which stated that their mission was to study global disparities and suggest ways to work toward combating absolute poverty. The report developed what became known as the Brandt Line, which is a north-south divide between richer and poorer economies, based on per capita gross domestic product (GDP). Geographically, it is roughly at a latitude of 30° north, passing between North and Central America, north of Africa and India, but dipping south to include Australia and New Zealand above the line. This began the use of the terms “North” and “South” to describe variations among countries.

Other researchers added the term “Global”—so Global South and Global North—to emphasize that the inequalities were linked to global economic structures and processes and not just a matter of geographical location. Adding the word “global” indicates the importance of globalization, which is the shift away from powerful nation-states toward more multinational networks and the diffusion of cultural, social, and economic activities. The global economy, though, is not equitable. Rather, it is linked to problems like poverty and environmental degradation in the Global South and consumerism and high resource use in the Global North.

Although the terms are often used by geographers and other researchers, politicians, and international organizations, most people have never heard of the Global South or the Global North. Hence, it may not adequately serve the purpose of educating people about social, economic, and environmental management variations across the planet. Most recently, other terms have gained popularity: “Majority World” denotes that 80 percent of people on Earth live on about $3,000 a year, compared to the tiny minority of humans who have shelter, food, education, and money for consumer goods (Silver 2015).

Words matter, and there are important disparities in the social and environmental conditions among countries around the world. Terms used to describe these variations must be realistic in order to inform people about inequalities and the need to help others. But they must also careful not to trap a country in one category, indicating that people there will always be poor. Geographers tend to use the terms Global North and Global South. Perhaps in the future, better terms will be found. In the meantime, the real issue is understanding the causes of poverty, environmental problems, and people’s vulnerability to natural hazards—and working to improve the lives of all people on Earth.

Leslie Duram
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North American Free Trade Agreement (NAFTA)




The North American Free Trade Agreement (NAFTA) went into effect on January 1, 1994, under the Bill Clinton administration. Free trade advocates strongly pushed for this agreement, which created a regional free trade zone throughout Canada, the United States, and Mexico. Because the treaty lacks supranational governmental oversight, disagreements must be resolved among states. In October 2018, Canada, the United States, and Mexico agreed to a revised version of NAFTA, retitled the United States–Mexico–Canada Agreement (USMCA).

ORIGINS AND DEBATES OVER NAFTA

NAFTA was first proposed by free-trade conservatives in the governments of the United States and Canada. It developed into a larger organization as Mexico agreed to join. Considerable opposition to the treaty formed in all three signatory states. In the United States, NAFTA managed to pass in Congress with a small majority. Multinational corporations generally supported the agreement in hopes that lower tariffs would increase profits. In addition, large corporations could outsource jobs to Mexico, where labor costs were significantly lower. Labor unions in Canada and the United States opposed the act. They feared that lower labor costs in Mexico would lead to massive downsizing and job losses in their home countries.

Since the implementation of the agreement, opinions concerning its effectiveness remain mixed. Many farmers argue that their wages have significantly decreased due to farm subsidies in the United States. Other areas, such as logging, argue that the government should further decrease tariffs. Proponents of the act continue to argue that lower tariffs will eventually benefit all with cheaper products and greater trade rates.

Despite NAFTA’s attempt at lowering trade barriers, conflicts still occur. The United States, fearing competition in the softwood industry, imposed a significant tariff on Canadian lumber imports. In response, Canada sought to challenge this tariff in the NAFTA dispute resolution body as well as impose its own tariffs on goods from the United States. This trade dispute arose in 1982 and has remained contentious for decades.

EFFECTS ON MEXICO

Proponents of NAFTA projected that industry interdependence would push Mexico to improve its environmental and labor regulations in order to meet standards in the United States and Canada. The agreement created the Commission for Environmental Cooperation (CEC) to ensure environmental protections. After CEC negotiations, Mexico announced a plan to ban the DDT and chlordane pesticides, which had been banned in the United States and Canada.

However, many critics of free trade have argued that environmental and labor laws have not greatly improved. Instead, small farms and business have closed. In addition, large-scale corporations and factories have relocated to Mexico, where labor unions have been banned and wages are lower. Within the first two years of NAFTA’s enactment, the maquiladora industry—an infamous source of air and water pollution located near the U.S.–Mexico border—rose by 20 percent. Additionally, according to a 2007 assessment by the Americas Policy Program, Mexico’s IT manufacturing industry, which was launched by foreign investments made possible by NAFTA, failed to monitor the proper disposal of hazardous waste. Instead, it relied on companies to self-regulate.

NAFTA has influenced later free trade agreements like the Central American Free Trade Agreement. While experts and politicians continue to debate the effects of NAFTA, the amount of trade between Canada, the United States, and Mexico has significantly increased. The passage of NAFTA demonstrates the trend of global trade away from protectionism toward global free trade.

Andrew Helms
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North Atlantic Treaty Organization (NATO)




Established in 1949, the North Atlantic Treaty Organization (NATO) is an alliance of 29 European and North American countries that have agreed to provide mutual defense, support, and cooperation. NATO’s mission is to “safeguard the freedom and security of its members through political and military means,” as well as to promote democratic values and peace. The 12 founding members of NATO were the United Kingdom, France, Belgium, the Netherlands, Luxembourg, the United States, Canada, Denmark, Iceland, Italy, Norway, and Portugal. Since then, a number of other states have signed on to the alliance. The alliance promotes stability and tries to foster economic partnership among its members.

One of NATO’s core principles, as outlined in its founding treaty, is that “an attack against one or several members is considered as an attack against all.” According to the North Atlantic Treaty, if such an attack occurred, each ally would take “such action as it deems necessary, including the use of armed force” in response. In more than six decades of NATO’s existence, that principle has triggered action only once, in response to the September 11, 2001, terror attacks against the United States.

HISTORY

NATO was launched in the aftermath of World War II, when devastation across Europe threw many governments into turmoil and forced millions who were left homeless to fend for themselves in the rubble of bombed-out cities or seek shelter in refugee camps. As European nations struggled to rebuild after the war, many Western European countries feared that the communist Soviet Union would take advantage of power vacuums and try to extend its influence beyond the Eastern European states it was quickly absorbing. To counteract that threat, Western European countries, along with the United States and Canada, saw wisdom in uniting to protect their collective interests. In addition to safeguarding themselves against communist expansion, the founding NATO countries sought also to head off the kind of militant nationalism that fueled the Nazi party’s rise and had ignited the war in Europe.

Differences between the U.S. government and its European allies have sometimes caused problems for the alliance. U.S. arms were necessary at the end of World War II when European economies were shattered, and the United States assumed leadership of the alliance. As the European nations recovered, however, some envisioned different arrangements. In the 1960s, for example, French president Charles de Gaulle resisted military integration, withdrawing French forces from NATO and demanding that all allied troops quit French soil. (France rejoined in 2009 in commemoration of the alliance’s 60th anniversary.)

The organization was once again challenged in 1989 with the demolition of the Berlin Wall (once described as the “ultimate symbol of NATO’s existence”). As the countries of Eastern Europe broke away from the Soviet Union, they petitioned to join NATO. By 1995, NATO policy required that applicants demonstrate a commitment to democracy and human rights, a free-market economy, and democratic control of the military. The first countries to satisfy these requirements were the Czech Republic, Hungary, and Poland, which were admitted to the organization in 1999. In the following years, a handful of former Eastern bloc countries were admitted. Russia also has been admitted to the organization as a junior partner with limited power.

ORGANIZATION

To promote unity among the allies, the organization has established procedures to assure that all members have an equal voice and that no action is taken without the consensus of the entire membership. The leader of that membership is the secretary general. The secretary general guides consultation and decision making within the alliance and ensures that decisions are implemented. The secretary general is also NATO’s chief spokesperson and heads the organization’s international staff, which provides advice, guidance, and administrative support to the national delegations.

Each member country has a permanent delegation at NATO’s political headquarters in Brussels, Belgium. Each delegation is headed by an ambassador who represents his or her government. Today, NATO has a staff of several thousand people who work at its headquarters, including members of national delegations and supporting staff members of national military representatives. Additional staff members work at the missions of NATO’s partner countries. NATO is funded from the military budgets of member nations. NATO’s North Atlantic Council meets weekly, and the alliance oversees committees that deal with policy and planning areas. These include the European Quality Alliance (a political consultation forum meeting in Brussels), the Defense Planning Committee, and the Nuclear Planning Committee. There are also committees on economics, armaments, science, infrastructure, logistics, and communications.

The military structure of NATO is coordinated by the Military Committee, which consists of the chiefs of staff, or their representatives, of all member nations except Iceland, which has no military and is represented by a civilian official. The committee is led by a chair, who is elected for a term of two to three years. The chiefs of staff meet at least twice a year, with permanent military representatives meeting in Brussels between these sessions. The Military Committee makes recommendations on military matters to the North Atlantic Council and to the Defense Planning Committee. It also gives directions to the three NATO supreme commands. These are the Supreme Headquarters Allied Powers Europe (SHAPE), located in Belgium; the NATO Allied Command Transformation in the United States; and the NATO Allied Maritime Component Command in the United Kingdom.

MISSION

In recent decades, NATO missions have ranged from combat and peacekeeping to humanitarian relief. In 2010, the alliance adopted a Strategic Concept that outlined strategies for dealing comprehensively with crises. According to the concept, instability around the world demands complex remedies that rely not just on military might but also on diplomacy and post-conflict stabilization. To achieve the concept’s goals, NATO has developed partnerships with countries across the Mediterranean, the Persian Gulf region, and Pacific Island nations. In addition, it is forming alliances with other international organizations. Additionally, as terrorist organizations have overshadowed hostile nations as the greatest threat to member nations’ peace and stability, NATO has expanded its focus to include antiterrorist strategies and operations.

After decades of redefining itself in a post–Cold War world, NATO now has described a new mission for itself: extending peace through the strategic projection of security.

Liza Hickey

See also: European Union; North American Free Trade Agreement (NAFTA); United States–Mexico–Canada Agreement (USMCA)

Further Reading:

Collins, Brian J. 2011. NATO: A Guide to the Issues. Santa Barbara, CA: Praeger.

North Atlantic Treaty Organization. 2019. http://www.nato.int

Offshore Outsourcing




Offshore outsourcing refers to the practice of hiring workers cheaply in another country to complete tasks that would be more expensive to do in the home country. This can also be done to complete a task that a company is unable to do in-house. In the United States, offshore outsourcing, or offshoring, has become common in many sectors, including production, information technology (IT), and service industries. Offshore outsourcing has been blamed for increasing levels of unemployment, as people see their jobs being “shipped overseas.” The long-term effects for the United States and other nations are, however, difficult to determine.

Although such terms as “outsourcing” and “offshoring” are often used interchangeably, technical distinctions do exist. Outsourcing refers to the transfer of certain operations in a company to another organization, which may or may not be located in the same country. Offshoring refers to the movement of certain operations to another country, although these operations may or may not still be performed by that company’s workers. Offshore outsourcing is a more precise term and refers to the movement of a portion of a company’s operations to another country, where they are handled by workers from a different company.

“Nearshoring” refers to offshoring done in nearby foreign countries. For example, a U.S. company might nearshore part of its operations to Mexico. Offshore outsourcing, which began in the 1960s and picked up during the 1990s and early 2000s, is encouraged by free trade, which allows for the unhindered movement of goods and labor across borders. Most companies that outsource portions of their operations to other countries do so because the labor and operations costs in these foreign countries are extremely low. Prime locations for production outsourcing include Mexico and China, while India is the number-one destination for IT and other service outsourcing, such as call centers.

Proponents of offshore outsourcing argue that lowering costs helps companies grow, which helps domestic workers and boosts the economy as a whole. In theory, outsourcing low-level jobs allows domestic workers to obtain higher-level and better-paying positions. And, although they are paid much less than U.S. workers, foreign laborers often earn more than the average citizen in their country. Outsourcing can also help companies grow and specialize—for example, a book publisher, which might specialize in editing, can outsource cover designing to a company that specializes in design. This way, both companies can do what they’re best at.

Opponents, however, argue that offshore outsourcing hurts both domestic and foreign workers. Workers whose jobs are outsourced may not be able to gain suitable employment in their own country. Programs such as the Trade Adjustment Assistance (TAA) program do not necessarily meet the needs of these workers. Many believe that foreign workers’ cheap labor is often exploited in sweatshop fashion. The growth of the domestic economies of countries that are destinations for offshore outsourcing may also be stunted by the practice. Offshore outsourcing has also been blamed for reducing or eliminating jobs available in a company’s home country, causing harm to the domestic workers who are unable to work another job, which may require higher levels of education that the workers are unable to achieve.

Maxine Taylor

See also: Cultural Convergence; Demographic Transition Model; More Developed Countries and Least Developed Countries (MDCs and LDCs)

Further Reading:

Carmel, Erran, and Paul Tjia. 2005. Offshoring Information Technology: Sourcing and Outsourcing to a Global Workforce. Cambridge, MA: Cambridge University Press.

Vashistha, Atul, and Avinash Vashistha. 2006. The Offshore Nation: Strategies for Success in Global Outsourcing and Offshoring. New York: McGraw-Hill.

Organic Agriculture




Organic foods are grown at farms that must meet certain standards of agricultural practice. In the United States, these standards are created and enforced by the U.S. Department of Agriculture (USDA) National Organic Program. These standards require that no synthetic pesticides are used; foods are not processed using chemical food additives, irradiation, or industrial solvents; and foods contain no genetically modified organisms.

Organic farming uses specific agricultural methods to produce crops that meet the definition for organic food. Organic farming is a growing industry now worth more than $26 billion in the United States. Many leading health experts believe that organic food is healthier, whereas others argue that there is no difference in nutrient value between organic and conventional produce. People in favor of organic food believe it contains fewer harmful pesticides and is less harmful to agricultural workers and the environment. Those who favor conventional produce tend to argue that organic farming is not always eco-friendly and, in some instances, may actually be less sustainable than conventional farming.

Conventional produce is grown at farms that use pesticides and fertilizers to make the crops grow faster and more abundantly. While this type of agriculture hopes to supply the world with more produce, chemical pesticides can have negative side effects on people’s health. Farm workers who are exposed to pesticides on a daily basis and in large quantities face a greater risk of developing short-term and long-term diseases. Lab studies have shown that pesticides can cause cancer, nerve damage, and birth defects. They also have especially serious risks for growing children. The federal government closely regulates pesticide use, trying to ensure that the residue is not enough to pose any major risk to human health or the environment. Many health experts believe these levels are too high, however, and state that the pesticide residue on produce can lead to serious health complications.

Many consumers favor organic farming because it does not use synthetic fertilizers or chemical pesticides. However, this does not mean that organic food is completely free of pesticides. Pesticides from neighboring farms may slightly contaminate organic produce during transportation. A meta-analysis performed by researchers at Stanford University concluded that organic produce has much lower levels of pesticide residue than conventional produce, at 7 percent compared to 38 percent. There is no clear evidence that pesticides are completely harmless, even if the residue on conventional produce is below a certain level that the federal government declares as acceptable. For this reason, many health experts recommend lowering intake of pesticides by buying organic.

The Stanford study concluded that organic-labeled produce was, on average, no more nutritious than conventional produce. There were no consistent differences in the vitamins found between the two types of produce except for phosphorus; phosphorus can easily be obtained in large quantities from one’s diet, and therefore getting extra amounts in organic produce would not have any major health benefits. The Stanford study did find that compounds called phenols were more plentiful in organic produce. Phenols are believed to help prevent cancer. The researchers in the study found the amounts of phenol varied significantly in each study of produce, and therefore, others must interpret their findings with caution.

However, several other well-designed studies have found organic produce to have higher levels of certain nutrients and antioxidants than their conventional counterparts. Because it is unclear at this time whether or not organic produce is more nutritious than conventionally produced fruits and vegetables, most nutritionists agree that consumers should not buy organic food solely on the basis that it may be more nutritious.

ENVIRONMENTAL IMPACT

The question of whether the process of organic farming is eco-friendlier and more sustainable than conventional farming causes some speculation. Conventional farming uses pesticides and fertilizers to maximize growth of produce. Proponents of conventional agriculture argue that these methods supply the world with more produce using less land. Using less land means that less wilderness needs to be torn down and converted into farmland. Because one-third of the planet’s land is already used for farming, anything that limits the destruction of more wilderness is beneficial for the environment. The conclusion drawn in a meta-analysis published in the scientific journal Nature was that organic farming produces 5–34 percent lower crop yields than conventional farming, depending on site and crop characteristics. Studies such as these suggest that organic farming may not be as sustainable and eco-friendly as hoped.

Some experts argue with the notion that organic farming is necessarily less efficient than conventional agriculture, especially when organic methods are tailored to location and type of crop. Cornell University did a 22-year study that reviewed the study of the Rodale Institute Farming Systems Trial, the longest-running comparison of organic versus conventional farming in the United States, and found that the number of crops produced by organic farming was the same as conventional farming. According to this analysis, not only was organic farming just as productive as conventional farming methods, but it was also eco-friendlier, using 30 percent less energy and water than conventional farming, with no use of chemical pesticides. Another study reported in the March/April 2008 issue of Agronomy Journal stated that organic farming produced as much wheat, alfalfa, corn, soybeans, and winter wheat as conventional methods, and the techniques used by organic farmers built up soil instead of depleting it.

Conventional agricultural methods can have harmful effects on the environment. For example, the key chemical ingredient in synthetic fertilizer is nitrogen. A large quantity of nitrogen-containing synthetic fertilizer is used each year by conventional farmers to promote rapid growth of crops. This growth is much faster and larger than the growth that is produced by releasing nitrogen from compost, a system used by organic farmers. Unfortunately, not all the nitrogen from the fertilizer used by conventional producers ends up in the crops. A significant portion of it runs off and pollutes water and soil, causing damage to ecosystems and human health. It should be noted that manure used in organic farming, if not monitored and managed correctly, can also run off and pollute nearby water sources.

Organic farming may have a negative impact on the environment if the food produced must be transported long distances to markets. The term “organic” does not mean local. The organic produce seen in the supermarket may be from out of the country. This would mean there is a large carbon footprint in terms of transportation. In order to reach the consumer, the transportation of produce emits large quantities of carbon dioxide in the form of fossil fuels. These gases have negative effects on the environment, such as accelerated climate change.

Theresa Lane
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Overpopulation




Overpopulation occurs when the population in an area grows so large that the environment cannot sustain it. Overpopulation is associated with famine, war, political and social upheaval, homelessness, environmental devastation, and a host of other social ills.

SLOW TO RAPID POPULATION GROWTH

For most of human existence, the problem of overpopulation was nonexistent. Put simply, the world was underpopulated—and quite remarkably so. Historical estimates collected by the U.S. Census Bureau’s International Programs Center indicate that for the 10,000 years preceding the CE period, the population of the world was less than 170 million people. This is slightly greater than half the current population of the United States. Equally striking, the subsequent 1,700 years saw a relatively small increase. By the year 1700, the world population was only 600 million. The word “only” seems appropriate given that the population of the entire world at this time was less than twice the current population of the United States.

The modern era, characterized by the industrial revolution, widespread capitalism, the rise of the nation-state, and improved medicine, brought about remarkable changes in population processes. Although it took almost 12,000 years for the world population to reach 600 million, it took only 100 years more for the population to double to 1.2 billion. By 1960, the world population had risen to 2.4 billion. A mere 25 years later, by 1985, the population had again doubled, reaching an unprecedented level of 4.9 billion. By the turn of the 21st century, sophisticated estimates of the world population placed it at just over 6 billion. This indicates a tenfold increase in the last 300 years. With such rapid increases in recent decades, it is not surprising to see widespread concern over rapid population growth and its consequences.

ANALYZING POPULATION GROWTH

With this history, it is tempting to think that overpopulation has emerged only recently as a social problem. In fact, concerns over the implications of population growth are centuries old. In the early 1800s, Thomas Malthus, an English demographer and political economist, offered one of the earliest assessments of the problem of overpopulation. In his extremely influential work, An Essay on the Principle of Population, Malthus wrote that overpopulation had two dimensions. The first was that population increases at a geometric rate (i.e., 3, 9, 27, 81, etc.). Suppose one person has three children, and each of these has three children, and then each of these has three children. Here, the geometric increase in population is shown by the first generation having a single person, the second having four people (three children and one parent), the third generation having 13 people (nine grandchildren, three parents, and one grandparent), and the fourth generation having 40 people (27 great-grandchildren, 9 parents, 3 grandparents, and one great grandparent). In a mere three generations, this hypothetical population has increased fortyfold. In Malthus’s calculations, the food supply increased much more slowly and could never keep up. The second issue for Malthus was that the mechanisms that could constrain population are not particularly nice: wars; epidemics; pestilence; plagues; and such human mechanisms as murder, euthanasia, and infanticide. With such a frightening set of options, it is not surprising that Malthus was in favor of population control using “moral restraint” that involved delays in marriage and sexual abstinence.
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This chart shows the world’s population between 1750 and 2015, with projections until 2100. At the start of 1700, the world’s population was only 600 million—less than twice the current population of the United States. However, the onset of the Industrial Revolution, capitalism, and the nation-state, as well as improved health and medicine, have contributed to a tenfold increase in world population in just 300 years. (Max Roser)

Since Malthus’s day, modern demographers have worked out scientific methods for analyzing population growth. The United Nations, the World Bank, the U.S. Census Bureau, and the International Institute for Applied Systems Analysis have all undertaken detailed projections for the world population. Such projections take into account current trends in fertility and mortality and estimate what the population will look like 25 years, 50 years, 100 years, and even 300 years into the future. These projections are speculative—past and the present trends applied to the future. Still, such projections may be remarkably accurate.

Based on these estimates, where is the world population going? According to the Population Reference Bureau’s report World Population Futures, the best population projections suggest that the world population will continue to rise and then begin to level off until it stabilizes toward the end of the 21st century at around 9 billion people (with high and low estimates of 10.5 billion and 8 billion). The key assumption for the leveling off is that all societies experience a demographic transition associated with various processes of modernization. Demographic transition theory proposes that societies generally shift from small, slowly growing populations with high mortality and high fertility to larger, slowly growing populations with low mortality and low fertility. A potential problem, however, is that during this transition, population growth accelerates—often dramatically—because the decline in death rates precedes the decline in birth rates. Almost by definition, this can lead to rapid overpopulation by creating a spike in the population that may take decades, perhaps even centuries, to disappear.

REDUCING UNSUSTAINABLE POPULATION GROWTH

Concerns over rapid and unchecked population growth remain to this day. A number of organizations seek to promote awareness of the consequences—social, economic, and environmental—of rapid population growth. Others argue that a number of problems, from traffic, to welfare dependency, to cultural fragmentation, are rooted in unsustainable population growth. Such organizations, whether at the national or international level, team up with other agencies, including the United Nations (UN), the World Health Organization (WHO), and local governments, in attempts to enhance education; promote the rights of women and children; teach sexual health and promote contraception; and improve, through technology or aid, the production and distribution of food. Such efforts seek to avoid the Malthusian concern that only disaster, human and natural, can offset the dilemmas of overpopulation.

Ross Macmillan
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Ozone Depletion




Located in the stratosphere, a density of ozone creates a protective layer around Earth that prevents harmful ultraviolet (UV) radiation from the sun from reaching Earth’s surface. Depletion of the ozone layer caused by chlorofluorocarbons (CFCs) that were reaching the stratosphere led to more UV radiation reaching Earth’s surface, causing biological damage to plants and animals. The ozone layer is composed of ozone (O3), which is three oxygen molecules bonded together. It is important that atmospheric ozone not be confused with ground-level ozone. While ozone found in the stratosphere is the same chemical compound as the ozone found in the troposphere, the chemical reactions they are involved in at the different levels of the atmosphere result in very different outcomes. Ground-level ozone is different from atmospheric ozone because it is harmful to human health due to photochemical reactions in the troposphere, where it is a major contributor to photochemical smog.

In 1974, Professor F. Sherwood Rowland and Dr. Mario Molina discovered that CFCs contributed to the depletion of the ozone layer. They found that the chlorine molecule in CFCs can break down in the upper atmosphere and contribute to ozone depletion. This occurs in a multistep process whereby the chlorine molecule will attach to ozone and destroy the ozone molecule. The chlorine released from CFCs has detrimental effects on the ozone layer because one chlorine atom can destroy 100,000 molecules of ozone. CFCs have a long atmospheric lifetime, with CFC-11 lasting 55 years in the atmosphere and CFC-12 lasting 140 years.

This discover of ozone depletion was further reinforced in 1985 when British scientists from the British Antarctic Survey discovered that the ozone layer was being severely depleted in Antarctica. Ozone depletion is worst in the Antarctic region because of the extremely cold temperatures. During the winter, the extreme temperatures of −80°C (−112°F) allow for polar stratospheric clouds (PSCs) to form. These clouds, composed of ice crystals, provide a surface for ozone-depleting reactions to occur. During the spring, the reactions are increased because of an increase in UV radiation. More solar energy during the springtime creates enough energy for the multistep ozone-depleting reactions to occur.

The effects of ozone depletion are an increase in UV radiation. Exposure to UV radiation has many detrimental effects to both plants and animals. Increased UV exposure has been shown to lower crop yields for several key crops, such as rice, soybeans, sorghum, oats, and beans. This is because UV radiation damages plants by limiting the surface area of foliage that allows for photosynthesis. UV radiation can also reduce water-use efficiency and enhance drought-stress sensitivity. This can lead to plant fragility, growth limitation, and ultimately a reduction in crop yields. More UV radiation exposure could also lead to a reduction in marine life. Plankton is the primary food source for many fish and marine life, and UVB radiation can limit reproduction and growth rates of plankton. A decrease in plankton populations along with overfishing could cause a reduction in fish stocks. Another consequence of diminished plankton is that more UV radiation will penetrate into deeper water. This could affect other marine plants and animals, causing harm to fish, shrimp, crabs, and amphibians during early stages of development.

UV radiation exposure will also have direct effects on human health. UV radiation can cause damage to the skin, eyes, and immune system. It is predicted that there will be an increase in skin cancers such as melanoma and in premature aging. Along with this, people will become more susceptible to cataracts and suppression of the immune system.

Melissa Skubel and Jennie C. Stephens
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Paris Agreement (United Nations Framework Convention on Climate Change)




The Paris Agreement is a global cooperative effort to combat the threat of climate change. The central aim of the Paris Agreement is to stop global temperatures from gradually increasing by reducing carbon dioxide (CO2) emissions around the world, especially in such countries with high CO2 emissions as the United States, China, Russia, and India. The agreement calls for preventing global temperatures from rising by more than 2°C (3.6°F) by reducing emissions according to goals that each country sets for itself. It also calls for raising $100 billion in funds for developing nations in order to help them make their economies more environmentally friendly while combating the impact of climate change. The agreement is nonbinding, so countries can opt out of any part they choose. Countries that do so will not face punishment for failing to meet their emissions or financial contribution goals.

The United States helped to negotiate and originally joined the agreement on December 12, 2015, under then-president Barack Obama. Due to the fact that the Paris deal was an agreement and not a treaty, it did not need Senate approval (which it was unlikely to receive) in order to go into effect. During his presidential campaign, Donald Trump promised to withdraw the United States from the agreement. He argued that the agreement was a poorly negotiated deal that provided few benefits to Americans. Indeed, on June 1, 2017, President Trump announced that the United States would withdraw from the Paris Agreement on climate change and attempt to either renegotiate the agreement or enter into a new one.

Following Trump’s announcement, the leaders of Germany, France, and Italy announced that they were disappointed in the president’s decision and would remain committed to combating climate change along with other nations that are part of the agreement. Obama released a statement calling on states and cities to take the lead in the fight against climate change. In the days after the announcement, more than 1,200 business leaders, mayors, governors, and college presidents signed an open letter affirming their commitment to reducing emissions and fighting climate change in accordance with the Paris Agreement, “in the absence of leadership from Washington.”

According to the terms of the agreement, the United States cannot officially withdraw until November 2020. This will likely make climate change one of the central issues of the 2020 presidential campaign. If the United States ultimately withdraws, it will join Syria and Nicaragua as the only nations that are not part of the Paris Agreement.

Despite the announced withdrawal, nearly 200 countries agreed in 2018 to a set of rules to reduce global greenhouse gas emissions and accomplish the goals of the Paris Agreement. The rules outline the procedures countries will take to report their progress in reducing emissions. This decision took place amid reports from the world’s scientists that global emissions are continuing to rise and that even with the Paris Agreement, nations are not doing enough to avoid catastrophic climate change.

Renee Dubie
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Plate Tectonics




Plate tectonics is the notion that Earth’s crust is composed of a number of huge, interlocking pieces that slowly move. This knowledge provides us with insight as to why continents and ocean basins are shaped as they are; why large earthquakes and volcanoes are focused in the geographic patterns in which they are observed; and why Earth has its mountains, folds, and faults.

Earth’s crust is arranged in a series of a dozen major plates and many minor ones. The Pacific Plate is the largest at 39,769,000 square miles. Others are as small as 7,000 square miles, and our knowledge of sizes and boundaries is often being refined. The size of a plate may not bespeak its significance in landforming processes. For instance, Juan De Fuca is a modest-size plate caught between the Pacific Plate and the North American Plate and is responsible for large earthquakes and volcanoes in the northwestern United States and southwestern Canada. The plates themselves range up to 62 miles in depth. In the horizontal realm, the plates are defined by their very definite edges. They have irregular, jagged shapes that have been likened to the pieces of a jigsaw puzzle. Some plates are almost entirely covered by ocean (e.g., the Pacific Plate), and some are covered entirely by land (e.g., the Turkish-Aegean plate). Most plates are covered by of both land and ocean (e.g., the North American Plate).

The energy for plate motion is provided by slow convection within the mantle. The relatively cool and rigid crustal plates ride slowly on the hot, weak rocks of the asthenosphere, a part of the mantle usually 30 to 90 miles deep. In the asthenosphere, the hot temperatures of near 2,912°F bring rocks to near-melting conditions. These rocks are plastic and capable of convectional flow.

Crustal plates move away from areas of seafloor and spread in various directions. Motion ranges from up to four inches per year. Although these are slow in terms of familiar environmental events, they can cause massive crustal impacts. The Atlantic Ocean, for instance, has opened up in the last quarter of a billion years at an average rate of the growth of a human fingernail. This rearrangement is enough to cause major deformations of the crust in the zones of seafloor spread and plate collisions.

PLATE BOUNDARIES

Plate boundaries are “where the action is.” They are the sites of large volcanoes, earthquakes, and intense crustal deformation. The boundaries are of various types:

1.    Divergent boundaries are associated with seafloor spreading and are the locations of numerous shallow earthquakes because of the outpouring of lava to make the basaltic rocks of the seafloors. Divergent boundaries have constructed the mid-ocean ridges. If the divergence happens under a continent, the surface expression is volcanoes along and in continental rift valleys such as the East African Rift Valley.

2.    If there is divergence in one area, there must be convergence in another. Some converging boundaries bring together oceanic (dense) and continental (less dense) crust. The oceanic plate subducts (“slides”) under the continental plate, and the crustal rock melts as it reaches deeper than 62 miles. The subduction is thought to pull the entire plate along and keeps the divergent boundaries active. Long, linear mountain ranges and oceanic trenches are found in regions of subduction. The subduction zones have a mixture of shallow and deep earthquakes caused by rearrangement of material around the margins of the plate. These materials can become the intrusive and extrusive forms of volcanism. Perhaps the grandest example of subduction is the Andes range in South America. Studded with many huge volcanoes, this 120-mile-wide range extends the entire 4,350-mile length of western South America over the collision zone of the Pacific and South American plates. The Andes are paralleled by the Peru-Chile Trench offshore in the Pacific Ocean.

3.    Another sort of convergence brings together oceanic plates underneath the oceans. The crustal expression is a deep trench with a paralleling island arc. A prominent example of this is the Mariana Trench and the volcanic arc of the Mariana Islands of the western Pacific.

4.    Other convergences are continental-continental collisions. In this case, there is no subduction because of the relative buoyancy of both plates, and a mountain range is built. The Himalayas are the result of 35 million years of the Indo-Australian plate colliding with the Eurasian plate.

5.    Finally, some boundaries are transformed in that they slide past each other. There tend to be some major faults and earthquakes created as the jagged pieces snag going by, but boundary transformations are conservative, with no trenches or major mountain building.

Some places well within plate boundaries are associated with landforms resulting from plate motions. Worldwide, “hot spots” are located over more than 50 mantle plumes which are rising columns of magma within Earth’s mantle. Material is brought to the surface as the plate slides along overhead. There are all sorts of volcanic activity associated with hot spots—the progressively younger ages of the Hawaiian Islands from northwest to southeast can be attributed to the Pacific Plate passing to the northwest over a mantle plume. A wonderful aspect of knowledge of plate tectonics is found in understanding geographies much older than the current sequence of crustal movements. The study of large areas of rock deformation and age indicate the existence of several supercontinent formations and breakups during Earth’s history with time orders of (very approximately) 250,000,000 years. Quite a bit of climate change and the history, including some evolutionary developments, can be explained through examining the changing locations of continents.
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Population Pyramid





A population pyramid is a graphic illustration of the structure of a population, distributed by age and gender. Population pyramids are bar graphs. Each bar represents the number of people in a certain age group. Usually, the number of males in each age group is shown separately from the number of females in that age group. The bar graphs are positioned such that the number of males in an age group is shown on the left and the number of females in that age group is shown on the right. Thus, a population pyramid is actually a pair of bar graphs positioned such that the male and female age cohorts match up with each other.

The age cohorts in a population can vary in length from one year to 10 years or more. Most frequently, however, each age cohort is five years in length. Thus, individual bars represent the number of people aged 0 to 4, the number of people aged 5 to 9, the number of people aged 10 to 14, and so on. The bars are placed on the graph such that the youngest age cohorts are on the bottom and the oldest age cohorts are on the top. In growing populations, there are more people in younger age cohorts than in older age cohorts. Thus, the bars for young age cohorts are longer than those for older age cohorts and the pair of graphs resembles a pyramid. However, in developed countries with relatively low crude birth rates, the population pyramid resembles a bottle: there are roughly the same number of people in each age cohort except for the elderly.

The shape of a population pyramid illustrates the impacts of total fertility rates and rates of natural increase on populations. In countries in which rates of natural increase are positive, crude birth rates exceed crude death rates. Thus, there are many more children than there are older adults. The bars at the bottom of the graph are much longer than those at the top of the graph. Such is the situation in Niger, Somalia, and other less developed countries that have high crude birth rates and high total fertility rates.
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Population pyramids show the gender and age structure of a population. This pyramid depicts the 2015 population of the Philippines. Males and females are depicted on each side of the pyramid, while younger ages are represented at the bottom and older ages at the top. This pyramid shows a high population of babies and children, tapering to a low population of elderly citizens. While this graph is shaped like a pyramid, not all population pyramids have a pyramid shape. (U.S. Census Bureau)

Conversely, a country with a total fertility rate of approximately two (replacement-level fertility) will have about the same number of people in each of the younger age cohorts. In other words, the number of people aged 0 to 4 will be approximately the same as those between 25 and 29. The bars become shorter as ages increase, as more and more people die after reaching old age. Thus, a population pyramid in a country with replacement-level fertility will be shaped more like a bottle than like a triangle. These countries have reached the fourth stage of demographic transition, such that birth rates have declined to the level of death rates.

In countries with total fertility rates considerably lower than two, there are fewer children than there are adults. In such cases, the population pyramid is narrow at the bottom, widens in early adulthood, and narrows again among the elderly. Such is the case in Japan, Singapore, and many other developed countries. The degree to which the population pyramid narrows as ages increase depends on life expectancy. Population pyramids for places such as Japan, with its very high life expectancy, will be higher at the top than will be the case in countries with lower life expectancies.
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Primate Cities




A primate city is a city that is simultaneously the economic center, political capital, and cultural center of the country in which it is located. Tokyo, Mexico City, Bangkok, Manila, Paris, and London are primate cities. Throughout the world, many primate cities are megacities with more than 10 million residents in their metropolitan areas.

Most primate cities are much larger in population than other cities in their countries. For example, Bangkok’s population in 2010 was nearly 8.3 million, with nearly 15 million in the Bangkok metropolitan area. Thus, more than 20 percent of Thailand’s people live in the Bangkok metropolitan area. In comparison, Thailand’s second-largest metropolitan area, Nonthaburi, had less than 300,000 residents in 2012. Similarly, the population of the Paris metropolitan area is about 12 million, as opposed to about 1.5 million in France’s second-largest metropolitan area, Marseille.

Many primate cities developed initially as centers for trade and commerce. Thus, many of them, including Manila, Jakarta, and Bangkok, are ports. Others are located inland but have easy maritime access. Examples include London and Tokyo.

Not all countries have primate cities. Countries that lack primate cities include the United States, Canada, Germany, Italy, India, Australia, and South Africa. In many of these countries, the absence of a primate city reflects a deliberate decision to separate political and economic power from each other within these countries. For example, the First Congress of the United States, meeting in 1790, made a decision not to locate the capital city of the newly independent country in either of its two largest financial centers, New York and Philadelphia. This decision led to the establishment of Washington, D.C., as the capital of the United States.

Similarly, Canada decided to locate its capital at Ottawa in part because Ottawa is roughly equidistant between Canada’s two major economic centers, Montreal and Toronto. Australia chose to build its capital city at the site of what would become Canberra so that neither of its two largest cities, Sydney and Melbourne, would be able to dominate the country’s government and economy.

Most primate cities, especially in less developed countries, are growing very rapidly in population. Because of primate cities’ importance to their countries, they tend to be magnets for people who had lived in other parts of these countries. Many primate cities are experiencing significant problems associated with rapid population growth. Problems include traffic congestion, rapidly increasing housing prices, air and water pollution, and burgeoning slums and squatter settlements.

In some countries, efforts have been made to decentralize populations and otherwise reduce the size and influence of primate cities relative to other areas. For example, Nigeria moved its capital from Lagos to the new city of Abuja in the 1990s. Indonesia has used its transmigration program to encourage people on the densely populated island of Java to move to other Indonesian islands rather than to Jakarta.
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Prime Meridian




The prime meridian, established in 1884, is an invisible longitudinal line drawn through the Greenwich Observatory in England that connects the earth’s north and south poles. This line divides the earth into eastern and western hemispheres; it is also used to divide the earth into time zones. It is also known as the Greenwich Meridian.

Lines of latitude and longitude crisscross the earth’s surface in a gridlike pattern. The equator is the main line of latitude that divides the earth in half horizontally into northern and southern hemispheres. Likewise, the prime meridian is the main line of longitude that divides the earth in half vertically into eastern and western hemispheres. Whereas a planet’s equator is relatively easy to designate on a globe (because it is a natural line equidistant from the poles), the prime meridian is an arbitrarily designated line required for global standardized timekeeping, meaning it could be placed anywhere.

Before the global prime meridian was established, each major country had its own prime meridian in its own major city. Depending on where a person was from, the prime meridian might have passed through Paris, Copenhagen, Philadelphia, Madrid, Washington, D.C., St. Petersburg, Beijing, or London, among many others. With the development of railroads and telegraphs, which served to rapidly bring far-reaching places closer together, it became increasingly important to designate a universal prime meridian to standardize timekeeping and mapmaking.

The United States had encountered difficulties with conflicting local times with the development of the transcontinental railroad and so was keen on establishing a universal prime meridian. In 1884, representatives from 25 countries assembled in Washington at the International Meridian Conference. They decided that the universal prime meridian would pass through the Greenwich Observatory in England and that the earth would be divided into 24 time zones of 15° longitude each. This location was partly chosen because the prime meridian’s counterpart, the international date line, would fall mostly in the Pacific Ocean. (The international date line, located halfway around the world from the prime meridian at 180° longitude, is the line that separates one day from the next; it would be extremely inconvenient for this line to fall across a landmass, so it made sense for the universal prime meridian to be located at Greenwich in England.)
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In October 1884 at the International Meridian Conference in Washington, D.C., a decision was made that the prime meridian would pass through the center of the transit instrument at the Royal Observatory in Greenwich, England. The prime meridian is the initial meridian for longitude (0 degrees) and serves as a baseline for the measurement of distances east and west. (ABC-CLIO)

Interestingly, the ancient Greek scholar Ptolemy, who used latitude and longitude to map the known world in the second century CE, used the Fortunate Islands, west of Gibraltar, as his prime meridian. If these islands were the same as the Canary or Madeira Islands, as is commonly held, then this prime meridian is not far off from the prime meridian in Greenwich universally used today.
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Ptolemy, Claudius




The Egyptian scientist and author Ptolemy, who lived during the second century CE, made scientific observations that were accepted until the Renaissance and are still respected today.

Ptolemy was born Claudius Ptolemaeus around 100 CE, probably in the city of Ptolemais in Upper Egypt. His name likely derives from his birthplace. He was not a member of the Greek Ptolemaic dynasty that ruled Egypt. Although Ptolemy was not born in the great scientific and educational capital of Alexandria, he moved there as a young man and is remembered as one of its greatest citizens.

Ptolemy made his first known scientific observation by noting a lunar eclipse. He spent much of his career studying astronomy and discussed one of the major scientific questions of the day: whether Earth was fixed in space or whether it could move and rotate. Although Ptolemy decided incorrectly that Earth did not move, he based that conclusion on careful scientific reasoning. He argued that if Earth rotated in one direction, clouds and heavenly bodies would never be observed moving in the opposite direction, as was frequently the case. Ptolemy’s logic and conclusions in that argument made him a favorite of Christian theologians during the Middle Ages who favored an Earth-centered view of the universe for religious reasons.

ALMAGEST

Ptolemy wrote two major works during his life. The larger and more famous of the two is the Almagest, a 13-volume work on astronomy. The Almagest included a two-volume star catalogue, the oldest such work ever known. That star catalogue included the latitude, longitude, and magnitude of approximately 1,000 stars, which were arranged into 48 constellations.

Additionally, the Almagest contained Ptolemy’s calculations of the length of the year and the seasons. The Greek scientist Hipparchus of Bithynia had theorized in the second century BCE that the length of the year was approximately five minutes shorter than 365.25 days. Ptolemy expanded on Hipparchus’s work by making observations of the seasonal equinoxes and arrived at the same conclusion as Hipparchus. (The actual figure accepted by modern scientists is that the length of the year is approximately 11 minutes shorter than 365.25 days.) Some modern-era scientists, including Tycho Brahe and Sir Isaac Newton, used that error—which, though seemingly small, affected all of Ptolemy’s subsequent calculations—to argue that his data were fabricated or plagiarized to confirm Hipparchus’s theories. However, most historians now believe that Ptolemy’s data were simply inaccurate, not deliberately falsified.

The Almagest also included a five-volume treatise on planetary motion, in which Ptolemy expanded on his theory of the Earth-centered universe. Ptolemy theorized that each of the planets in the solar system revolved around Earth, each in its own sphere. To explain irregularities in their position that had already been observed, he argued that those orbits, while around Earth, were not centered exactly on Earth, so that planets could sometimes be closer and sometimes farther away.

GEOGRAPHY

Ptolemy’s other major work, Geography, was an eight-volume collection of world maps and lists of the longitude and latitude of cities, mountains, and rivers. To create his maps, he developed a projection scheme that is still used, albeit in a modified form. Although Ptolemy relied on the accepted geographic measurements of the day, many of which were inaccurate, his maps were carefully drawn and are still respected for their careful scientific basis.

Ptolemy also wrote several books that dealt with astrology. He believed that the position of the stars and planets affected fortunes and behaviors, a seemingly untenable position for scientists today but a common one in his era. To better predict astrological effects, Ptolemy invented a method that used stereographic projection to make maps of the sky. In addition, Ptolemy wrote a pioneering five-volume work on optics, in which he used both theory and experiment to draw conclusions on reflection, refraction, and the color of light.

Ptolemy’s other accomplishments include keeping a record of the theories and data of other Alexandrian scientists and thus preserving the work of the scholarly city. He also wrote commentaries on the Egyptian use of astrology in botany and medicine and was rewarded with the title of “Great Astronomer” by the Alexandrian school.

Ptolemy died around 170 CE in Alexandria. The theories that he put forth in the Almagest remained the standard for planetary motion until they were replaced by the theories of Polish scientist Nicholas Copernicus in the 16th century, which makes the Almagest one of the most lasting scientific texts ever known.
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Push-Pull Factors




The push-pull concept is a theory that attempts to identify the motivational factors that drive migration. A push factor “pushes” individuals or groups to migrate away from their location, while a pull factor “pulls” migrants to a new location.

The push-pull concept was introduced by Everett Lee in his article, “A Theory of Migration,” first published in 1966. In the article, Lee attempted to codify the various factors that might influence a potential migrant to consider relocating. Lee sought to address the causation of migration. He divided the pressures to migrate into two broad categories: those that would “push” an individual or group to migrate and those that would “pull” migrants to a new place. Lee argues that these factors, working either alone or in concert and at various levels of intensity, are responsible for inducing the movement of human beings across space.

FACTORS

“Push” factors are negative aspects of remaining in the home country, conditions a migrant will seek to avoid and will often flee from. Common reasons behind the “push” to migrate include the following:

•      such life-threatening situations as famine, threats to one’s life, and natural hazards and disasters

•      matters of personal life choices, such as finding a suitable spouse

•      seeking better economic opportunities, such as finding a higher-paying job

Other push factors include the following:

•      poor quality of life, especially low standards of housing and medical care

•      loss of farming opportunities due to desertification (indeed, a major cause of migration in the Sahel region of Africa)

•      actual or feared religious and political persecution

Any of these causes—and many other causes—are sufficient to convince an individual or group to move. However, the difficulties of moving great distances may prevent migration until conditions in a home country become intolerable.

Push factors by themselves can drive a migration, but pull factors also usually play a role in the decision to migrate. These are positive aspects of the destination location, whether it is a foreign country or territory or another place in the country of origin. Pull factors include the following:

•      better living conditions

•      better health care or treatments unavailable in the home country

•      political or religious freedom

•      greater opportunities for marriage

Pull factors, therefore, frequently complement push factors. Some pull factors are related more to amenities—for example, moving to a region that has a more comfortable climate or beautiful scenery (a common factor in the migration of retirees in developed countries). Although rather general, the push-pull concept provides insight into why migration occurs.
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Realms




Realms, or major world regions, are not to be confused with continents. Whereas the continents are defined by the naturally occurring boundaries of the world’s landmasses, geographers divide the world into realms on the basis of both human and physical characteristics. Although physical location and political boundaries are two factors used in identifying world regions, other key factors include historical, cultural, and political characteristics that are similar among people and countries in the area. For example, most countries of sub-Saharan Africa share a common past as colonial possessions of European powers with the countries of North Africa; however, differences in race, tradition, language, religion, and other traits lead most geographers to regard the two parts of the continent as belonging to two separate regions.

Another example of a world region is that of the United States and Canada. Both nations share a common past as colonial possessions of the United Kingdom. That cultural legacy still resonates today, with both the United States and Canada having a legal system based on English common law (Louisiana and Québec, former possessions of France, are exceptions), both have strong democratic political traditions, English is the dominant language in most areas, and a large majority of people are Christian in their religious beliefs. Both countries enjoy a mostly temperate climate, although northern latitudes can experience extreme cold.

The way the world breaks down into realms varies depending on the criteria used, but generally, most geographers divide the world into 9 to 11 major world regions. Many geographers identify East Asia and Southeast Asia as a single region, whereas others divide them into two regions. In some cases, Southwest Asia is identified as including Turkey and what is also referred to as the Middle East, whereas others group the Middle East and North Africa together and consider Turkey to be part of Europe. Such disagreements are only natural, because an important part of the concept of regions is the notion of a “zone of transition”—the area of gradual change that characterizes the boundaries between most regions. Recognizing that several equally valid breakdowns exist, one example classifies the world’s major regions as follows:

•      North America

•      Central America and the Caribbean

•      South America

•      Europe

•      Russia, Central Asia, and the Caucasus

•      Southwest Asia and North Africa

•      Sub-Saharan Africa

•      South Asia

•      East and Southeast Asia

•      Oceania

At the global level, the entire planet could be treated as a single region, a concept that is becoming increasingly relevant as new technologies that ignore regional boundaries—satellite television, cell phones, and the Internet—gain widespread use. The term “global village,” first popularized in the 1960s by Canadian communications theorist Marshall McLuhan, refers to a world that is “getting smaller” as entertainment, information, news, and images are shared simultaneously across the globe.

In the late 20th century, multinational corporations came to control more and more world trade. With ownership, headquarters, management, production, and distribution expanding beyond national and regional borders, multinational corporations often see the entire world as a market in which to compete for dominance. As profitable and powerful entities, they may have some influence in changing the way people conceive of the world and its regions.

Another factor that could blur the boundaries between major world regions results from the increasing number of people migrating from one region to another for economic reasons. For example, Asian immigrants and Spanish-speaking peoples from Latin America enter the United States and Canada seeking jobs and, in many cases, establish their own communities, usually in urban areas. Workers from Africa, Southwest Asia, and South Asia do the same when making their way to Europe in search of job opportunities there. Because much of what distinguishes one region from another involves the cultural characteristics of language, religion, and shared history, the shifting of cultural boundaries worldwide is a never-ending process.

When information, trade goods, and workers move freely across the planet, the concept of major world regions—as stable entities with definable borders—may change. For the foreseeable future, however, examining the major world regions as they are defined at the present time is still an effective way of getting to know the world and the physical and human forces that give it its shape.
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Regions: Formal, Functional, and Perceptual




The concept of regions is the basic principle geographers use to organize the world into spatial units. Regions vary greatly in size, from a major world region like sub-Saharan Africa to such local-level regions as neighborhoods and towns. Even an area as small as a city block can be divided into regions if a geographer identifies characteristics that distinguish one area of the block from another.

Even though such natural barriers as oceans and mountain ranges sometimes make drawing their borders easier, regions are essentially human constructs, defined not by nature but by criteria we humans select. A geographer can use any number of characteristics to define a region, and because choosing which of these to consider or prioritize over others is a subjective process, geographers often disagree over where the exact borders of a region fall.

Complicating the issue is the fact that regional boundaries are rarely as sharp in reality as they appear on a map; most often, two regions meet one another in what geographers refer to as a zone of transition, where the characteristics of one region gradually give way to those of the other. Though they may reach different conclusions about where a region’s exact boundaries lie, what unifies all good geographers is that when they define a region, they base their decisions on carefully selected criteria and reliable data.

Geographers distinguish between three general types of regions: formal regions, functional regions, and perceptual regions.

Geographers draw formal regions on the basis of one or more measurable, shared traits that distinguish them from the surrounding area. These traits can range from such characteristics of the local population as language, income, or religion to such physical characteristics as elevation or climate. Many physical features, such as valleys, are easy to map as formal regions using naturally occurring boundaries. Other formal regions might be less obvious to the naked eye. For example, the area of a U.S. city where more than 50 percent of residents speak Spanish would be classified as a formal region. While some formal regions are easy to see and others require a great deal of research to define, all formal regions are based on measurable data.

Unlike formal regions, which are defined by their uniform traits, functional regions are defined by a system of interaction. To better understand the concept of functional regions, many people visualize a bicycle wheel, with a central hub connected to the edge of the wheel by spokes. The hub of the wheel corresponds to the “node” of the functional region, which is the center of activity (usually a town or city). The spokes correspond to such links to outside areas as transportation, communication, and trade. One example of a functional region is a metropolitan area (MA). The New York MA, for example, involves parts of three different states (New York, New Jersey, and Pennsylvania). There is a central area of population and activity (New York City), outlying areas such as suburbs, and, even farther from the node, farmland that supplies the city with food. The whole region is integrated through transportation, communication, commuting patterns, trade flows, and many other relationships.

[image: image]

Geographers break down regions into three different types in order to better understand them: formal, functional, and perceptual. (ABC-CLIO)

A perceptual region, sometimes also known as a vernacular region, is the popular conception of a particular area as a region, usually defined loosely on the basis of people’s shared images of and attitudes toward that area. Southern California, for example, is a perceptual region. Many people share an image of what Southern California is like, and though it is thought of as a spatial unit, it has no precise borders as a formal region would. Perceptual regions are more likely than other kinds of regions to change over time, in terms of both character and space. Perceptual regions are also frequently based upon stereotypes, as people’s definitions of perceptual regions are influenced by travel, media, reading, films, and conversations.

By understanding the idea of regions, one can apply geographic knowledge, skills, and perspective to the solutions of a variety of problems—ranging from local issues such as zoning to long-range issues such as the effects of overpopulation. Understanding regions helps us to synthesize our knowledge of the human and physical properties of the earth’s surface.
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Relative Location and Absolute Location




The phrase “relative location” refers to a place or object’s location in relation to other points on the earth’s surface. By contrast, the phrase “absolute location” refers to an exact location on Earth. Geographers use both relative and absolute location to describe spatial relationships. However, one may be more useful than the other, depending on what is being described.

Absolute location is usually expressed using geographic coordinates. These coordinates provide the exact location of an object on Earth in relation to the equator and the prime meridian. Lines of latitude, which run left to right along the Earth’s surface, indicate a location’s northerly or southerly direction from the equator; lines of longitude, which run up and down to connect the earth’s poles, indicate a location’s easterly or westerly direction from the prime meridian. Together, they create a gridlike pattern across the earth’s surface. For example, the Statue of Liberty in New York City is located at 40.6892° N, 74.0445° W, or about 41 degrees north of the equator and 74 degrees west of the prime meridian. Given these precise coordinates, anyone with the proper knowledge of latitude and longitude can pinpoint the absolute location of a given object.

An absolute location can also be expressed as an address, which includes a street number, street, city, state, and country. For example, the Sydney Opera House is located at Bennelong Point, Sydney NSW 2000, Australia. This method of expression can be more helpful when an individual is unfamiliar with latitude and longitude or in instances when one is trying to mail a package to a specific location. Both coordinates and addresses provide an unambiguous, exact location, but each is more useful in different situations.

It is more difficult to express the absolute location of a wide-ranging place, such as the country of China, using coordinates or an address. In this case, cadastral maps—which identify land or area extent and dimensions, usually for legal purposes—can also be used to express an absolute location. Rather than using absolute location, one might also shift to relative location when describing China—for example, China is located west of Japan and south of Russia. Relative location, which describes a place in relation to other places (or objects) around it, is not as accurate as absolute location, but it can be more useful in some instances.

The ability to accurately express locations on Earth is vital for scientists, particularly geographers. It is necessary for many things, including mapmaking, military strategy, space landings, and even spy tracking.
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Remote Sensing




Remote sensing is the act of gathering information about an object or area from a distance, without touching it. A simple example of a remote sensor is the human eye, which evaluates the size, shape, and color of objects without being directly in contact with them. In terms of geography and the environment, remote sensing now refers to a wide array of highly technical methods for obtaining data about the earth’s landscape, ranging from aerial and satellite photography to radar and sonar imaging systems. Remote sensing data is used extensively in geographic information systems (GISs) or computer mapping software.

The term “remote sensing” was coined in the early 1960s by Evelyn L. Pruitt, a geographer at the U.S. Office of Naval Research. At that time, scientists were beginning to see the benefits of the many new kinds of remote sensors being introduced to expand observations of the earth beyond the range of human vision and photographs. Pruitt used the term in a research paper to replace more limiting terms, such as aerial photography, that were in use at the time.
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Research team members prepare a remote sensing instrument for installation near the top of a 213-foot tower at the Amazon forest study site near Santarém, Brazil, in 2012. The sensor system sends data to the scientists who then use it to improve understanding of how photosynthesis in tropical forests responds to seasonal variations in climate. (U.S. Geological Survey)

Remote sensing differs from in situ data collection, in which a sensor actually touches an object to obtain data. An example of an in situ sensor is a thermometer used to measure the temperature of water or soil. Gathering in situ data in the field has long been a standard method of scientific research, and it is still necessary in many cases. Even when remote sensing is used for research, its accuracy must be verified by taking some measurements or samples in the field. Such in situ data is used to calibrate remote sensing data and imagery, relating it to what is actually on the ground in a process known as ground truthing. However, studying the earth’s surface strictly through field work is typically time-consuming, costly, and—in some cases—dangerous. For this reason, remote sensing has been widely used since the mid-1900s, when its availability increased. It provides data from areas where, for various reasons, people cannot go.

Most remote sensing operations today begin with specialized instruments attached to planes and satellites. (Landsat, a series of Earth-observing satellites, is a widely used example of satellite-based remote sensing.) However, the first aerial platforms, used in the late 1800s and early 1900s, included hot-air balloons, kites, gliders, and even pigeons, outfitted with basic cameras. The first known aerial image was taken by a French photographer from a balloon over Paris in 1858. Aerial photography was first used on a wide scale to inform military strategies in World War I. British and French reconnaissance via aerial photography allowed for accurate mapping of roads and barriers as well as documentation of troop movements and the location of stockpiled ammunition.

PASSIVE AND ACTIVE SENSORS

A camera is an example of a passive remote sensing device. Passive sensors collect data by recording electromagnetic energy that is naturally reflected by or emitted from all objects. They record wavelengths reflected in the visible (light) spectrum as well as those emitted in the form of invisible thermal infrared (heat) energy. Passive sensors have been the primary means of gathering data remotely for some time, and they include multispectral scanners that record images in specific, individual wavelengths (or “bands”) to more accurately depict different objects that reflect different wavelengths. The tendency of plants to reflect more or less red light (wavelengths that measure in the 0.63 to 0.69 micrometer range), depending on the amount of water they have absorbed, has made red bands highly useful for determining the health of crops and distinguishing between wetland and upland plants, among many other applications. Thermal infrared sensors that detect emitted heat can help with mapping geothermal features and soil temperatures.

Information gleaned from passive sensors is a key component of natural resource management, showing changes to forests, glaciers, agricultural lands, water use, and myriad other features on a wide scale. Sensors onboard Landsat satellites are a prime example of such technology, and the data they collect is widely used by scientists, regional and urban planners, government agencies, and corporations. Smaller-scale remote sensing also occurs with passive sensors attached to planes and helicopters.

Increasingly, active sensors are also being used in the remote sensing of landscape features, mainly over smaller areas. True to their name, these devices actively emit energy—typically in the form of microwaves, sound waves, or lasers—and record what portion bounces back. They can provide much more detailed renderings of topography than passive sensors. RADAR, which stands for “radio detection and ranging,” initially used radio waves when the system was first widely used to detect German planes entering British airspace in World War II. Radar systems today transmit microwave energy almost exclusively, but the acronym remains.

Another common active remote sensor is SONAR (sound navigation and ranging), which transmits sound waves through water. It is commonly used in bathymetry (the measurement of water depth) to create maps of the ocean floor and lakebeds. The U.S. Navy uses SONAR extensively to track underwater threats—including enemy submarines and torpedoes—and has been the subject of controversy for its impacts on marine mammals that use sound to communicate. LIDAR (light detection and ranging) sensors provide detailed elevation data (often accurate within inches) by sending thousands of laser beams to the ground below. LIDAR can be used to map land features, including vegetation and buildings, or to map the earth’s bare surface by removing the influence of such features from the data.

Remote sensing systems are not without problems, and they will likely never replace on-the-ground data collection altogether. Even with highly accurate global positioning system (GPS) technology relating remotely sensed data to points on the earth’s surface, measurements can be off. The flight angle of aircraft and satellites to which remote sensors are fixed and the presence of clouds and other features that obscure the ground surface are just two of the many factors that can affect remote sensing accuracy. In addition, data collected by remote sensors must be converted into useful information before it can be understood. Properly trained people are needed to interpret the data—either visually or electronically. Thus, human error and human abilities have their own impacts on data accuracy.

Cost remains a major factor in the utilization of remote sensing. Although the price of obtaining some data remotely has dropped significantly in recent years, it remains prohibitively expensive for some, particularly individuals unaffiliated with government agencies or corporations and the governments of developing countries. Some proponents of remote sensing worry that high costs, along with limited availability of certain remote sensors, is creating global disparities in the dissemination of information.

Terri Nichols
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Renewable Energy




Unlike fossil fuels, which deplete as they are used, renewable energy is based upon continuous, inexhaustible natural processes. Sources of renewable energy include sun, wind, moving water, heat from within the earth, and the combustion of plants and other biological materials (biomass). According to the U.S. Energy Information Administration, about 87 percent of the energy consumed in the United States in 2015 was generated from nonrenewable sources—mainly fossil fuels like oil, coal, and natural gas. Though the contribution of renewable sources to current energy consumption might seem modest, many experts believe that economic and environmental pressures will encourage much greater investment in these energy alternatives in coming years.

WATER, GEOTHERMAL, AND WIND POWER

Water power provides roughly half the renewable energy used in the United States. Nearly all of this is hydroelectric power generated using dams and turbines. While hydropower is a major contributor to the electricity grid in certain regions, there seems to be little room for expansion. Many of the best locations for dams have already been used. Further, the loss of scenic areas and important ecosystems to dam projects has led to strong opposition by environmentalists.

Geothermal power is generated from water and steam heated within the earth by natural radioactivity. It is very useful in the relatively few areas (such as Iceland) where suitable formations are available. It is also possible to harness tides to generate energy. However, the interaction of tides and estuaries is very complex, and any design must also take into account the impact on the coastal ecosystem.

Wind power is a proven, practicable technology for certain areas. Modern wind turbines are more compact and efficient than their predecessors. There have been objections to “wind farms” on visual and noise grounds, as well as concerns about harming birds and disrupting their migration. However, proper design can minimize all these impacts.

SOLAR POWER

Solar energy is perhaps the purest form of renewable energy. Solar energy can be used indirectly by focusing it in a collector to heat water. A combination of passive solar heating and good-quality insulation can greatly reduce the external energy needed for heating buildings.

The amount of solar energy available varies with distance from the equator (latitude), season, and cloud cover. Where sunlight is intense and abundant (as in the southwestern deserts of the United States), it can be concentrated by parabolic mirrors and used to drive a steam turbine and generate electricity. Current plants can generate up to about 80 megawatts (MW). Although the energy cost per kilowatt is considerably higher than for fossil fuel plants, the rising costs and environmental problems associated with the latter may make solar thermal plants attractive.

Photovoltaic cells convert sunlight directly to electricity. Photovoltaic installations are more compact, scalable, and versatile than solar thermal plants—and they are usable in areas that receive only moderate amounts of sunlight. The main obstacle to widespread adoption of photovoltaics is their cost. However, in recent decades, the efficiency of photovoltaics has improved steadily, and their cost per unit of energy generated has declined somewhat. New photovoltaic materials and structures (such as films and sheets) are being developed in research labs. Ultimately, nanotechnology (molecular or atomic level assembly) may be used to make inexpensive, compact, and highly efficient photovoltaic cells.

BIOMASS

Burning “biomass,” including crop waste from farms, crops grown specifically for energy use, and even animal and human waste can also generate energy. In Sweden and Finland, for example, about 20 percent of current energy needs are met by burning wastes, particularly from the pulp and paper industries. Innovative power plants have been designed for farms (using available crop and animal wastes) and for use at municipal waste plants. Animal wastes can be turned into methane (with uses similar to those of natural gas). Fats can be turned into “biodiesel” to power vehicles. Ethanol can be produced from crops such as corn and added to gasoline. Biomass currently accounts for about half the renewable energy produced in the United States.

Biomass systems do have environmental impacts. They produce less carbon dioxide (CO2) than fossil fuels, but they do emit it, along with nitrogen oxides and methane—a powerful contributor to global warming. Widespread use of biomass energy might also take a considerable amount of land out of food production.

Each form of renewable energy thus has its strengths, weaknesses, and appropriate uses. The extent to which each form is developed will depend on economic and regulatory factors.

Harry Henderson
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Shatterbelt




A shatterbelt is a region of persistent political fragmentation due to decentralization. A synonymous phrase is “crush zone.” The term has been applied by political geographers to a number of places since World War II, especially east-central Europe but also Southeast Asia, the Middle East, and Africa. Shatterbelts sometimes serve as buffer zones between hostile states or empires and historically have played an important role in geopolitics.

Regions classified as shatterbelts are characterized by states or territories that have a large degree of ethnic, linguistic, and/or religious diversity and a history of antagonism and hostility between the groups living there. Such situations can result from the balkanization (or fragmentation) of larger political entities. Boundaries in shatterbelts tend to be fluid and are often contested, due to the fact that such political divisions frequently cross cultural regions, splitting ethnic groups between two or more countries. Although the term itself did not come into wide use until after World War II, the general concept of a shatterbelt appeared in the writings of political geographers several decades earlier. In a more modern context, shatterbelts often hold what U.S. political scientist Samuel Huntington has described as “civilizational fault lines,” a key concept in his “clash of civilizations” thesis.

The classic example of a shatterbelt is Southeast Europe, especially the Balkan Peninsula. This region has functionally been a shatterbelt for at least 500 years, as it has been geographically sandwiched between more powerful states that attempted to control part or all of the territory. From the 16th century to the early 20th century, the Ottoman Empire controlled large swaths of the Balkans at various times and imposed Islamic culture on many of the peoples under its rule. Almost the entire population of what are today Albania and Kosovo were converted to Islam, and significant numbers were converted in portions of modern-day Bosnia and Bulgaria as well. A majority of the Slavic-speaking peoples in the region retained their Christian religious identity, but they too were divided into Roman Catholics (Slovenes, Croatians) or Eastern Orthodox Christians (Serbs, Montenegrins, Macedonians, Bulgarians), and their relationships were frequently antagonistic. Compounding this complex ethnic geography was the presence of large non-Slavic Christian minorities like the Hungarians and Germans, especially in those portions of the region that fell within the borders of the Austro-Hungarian Empire, and many other groups scattered throughout the peninsula. The collapse of the Ottoman Empire after World War I, the subsequent creation of Yugoslavia, and four decades of the Cold War only temporarily encompassed the turbulent character of this shatterbelt, as witnessed by the violent birth of seven new countries, most of which had never been independent previously, between 1991 and 2008. Kosovo’s independence in the latter year indicates that shatterbelts will remain volatile regions well into the 21st century.

Shatterbelts in the Middle East and Africa emerged in the latter 20th century due to the collapse of imperialism and the subsequent devolution (or decentralization) of structures of colonial governance to multiple independent states, most of which had never existed prior to the collapse of colonial authority.

Reuel R. Hanks
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Site and Situation




In geography, site and situation are two factors that drive urbanization and development. “Site” refers to a settlement’s location on the earth’s surface and can be designated by GPS coordinates; “situation” refers to a settlement’s surrounding features, such as access to natural, economic, or social resources, within a greater regional framework. Together, site and situation influence the development and growth of settlements, with favorable conditions leading to more growth.

A settlement’s site, or physical location, can be pinpointed on a globe. The “site” encompasses the physical attributes of the settlement’s location—a site could be hilly or flat, near a lake or river, or bordering mountains or an ocean. The settlement might be near a marsh or a deep-water port, with a mild or harsh climate to contend with—these are all features that influence the favorability of establishing a human settlement at any given location. Among other things, settlements need access to fresh water; building materials; fuel; and natural defenses against invasion, animals, and climate. Favorable sites that include these features give settlements increased potential for establishment and growth.

A settlement’s situation is defined by its external surroundings, which can include other cities, natural features such as mountains or oceans, and the availability of resources like transportation routes. Accessibility and trade routes that allow access to long-distance commerce are vital to developing settlements, which may not be able to provide everything they need to grow on their own. A settlement’s situation can determine its future and whether or not it can grow into a thriving city.

Many thriving cities, such as New York, Paris, and Sydney, were built near the water. Close proximity to the water allows for access to trade routes and better defense. Other major cities, such as Rome and Jerusalem, were built on hills. Hills were optimal sites for these cities because the situation, which was dominated by frequent wars, demanded that the city be easily defensible. In such cases, safety is more important than access to water in determining where to build a city. Some cities, like Venice, Amsterdam, Copenhagen, and St. Petersburg, were essentially built on the water; this allows for improved transportation, better protection, and fostering trade. The site of Iceland’s capital city, Reykjavik, was chosen because of its hot springs. The frigid temperatures would normally make it all but impossible for people to settle so close to the Arctic Circle, but in this case, the hot springs provided enough respite from the cold for people to make Iceland their home.

Technological advances have made it possible to settle in some places that may have been difficult or impossible for humans to live in previously, such as Antarctica. In this case, while the site remains the same, technology has changed the situation and made it possible to live there. Improved communication and transportation have brought countries and people together, which can help minimize a settlement’s potentially negative features such as physical isolation. In this way, site and situation remain quite relevant to development and growth today.

Emily Robinson
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Stateless Nations




The term “stateless nations” refers to minority groups whose ethnicity, religion, language, or other cultural identity is not adequately represented by the governments of the nations in which they live. Members of these groups typically occupy distinct regions that they wish to possess as their own independent nations. However, the governments of the countries in which they live refuse to grant them independence. This disagreement may simmer in a long-term stalemate with no resolution, or it may lead to an armed conflict and/or a negotiated settlement. Stateless nations may eventually win some degree of autonomy (self-government) or full independence.

Members of some stateless nations are recognized as citizens in the countries in which they live. Those who are not recognized as citizens are referred to as “stateless people.” According to the United Nations High Commissioner for Refugees (UNHCR), there are more than 10 million stateless people in the world. The UNHCR notes that these people “may have difficulty accessing basic rights such as education, healthcare, employment and freedom of movement.”

HISTORY

Groups that could be considered stateless nations have existed throughout history. The modern concept of stateless nations is intertwined with the concept of national consciousness, in which people with shared identity have the desire to possess their own nation. This concept developed in different ways in different parts of the world. National consciousness, as it is reflected in modern-day Western European national borders, began to develop in that region during the 17th century. The development was associated with the Treaty of Westphalia. That treaty marked the end of the Thirty Years’ War and created Western European national borders that were similar to those of today.

In the Middle East, group identity has historically been less associated with national consciousness than in Europe. Populations whose primary group identity is Arab, Muslim, or Kurd are spread across several countries in the Middle East. At the same time, some individual countries in this region have populations with multiple ethnic, linguistic, or religious identities. In Syria, for example, there are Arabs, Kurds, Armenians, Turks, and various Islamic sects. This situation arose mainly in the aftermath of World War I, when the victorious European powers carved up the Middle East to suit their own interests, without regard for the shared identities of the people living there. The resulting geopolitical jumble remains the source of much conflict in the Middle East, including in Syria and Iraq.

The Jewish people represent a well-known stateless nation that eventually won its own country. Jews obtained the sovereign nation of Israel in 1948 as the result of international negotiations after World War II.

During the 21st century, the concepts of the stateless nation and national consciousness have continued to evolve. Many groups of people still struggle for their own national autonomy or independence. However, many independent nations have willingly given up some of their sovereignty to the authority of multinational organizations, such as the European Union. The globalization of the economy has further reduced national sovereignty.

EXAMPLES TODAY

Following are brief descriptions of a few of the larger groups that are considered stateless nations today.

Kurds make up a distinct ethnic group in mountainous parts of several nations in the Middle East, mainly in Iraq, Iran, Syria, and Turkey. This multinational region is sometimes referred to as “Greater Kurdistan.” Kurds are likely the most populous stateless nation, constituting more than 30 million people. Kurdish autonomy is recognized only in the northern part of Iraq. Kurds are fighting for autonomous regions elsewhere.

Palestinians are a group of Arabs who live mostly in Jordan and Israel. There are an estimated 11 million Palestinians in the Middle East. The Palestinian National Authority began to govern the territories of the West Bank and Gaza Strip in 1994. According to many international observers, however, these areas remain occupied by Israel.

China is home to a number of minority ethnic and cultural groups that could be considered stateless nations. The best-known such group is the Tibetans, who enjoyed independence in Tibet until Chinese troops invaded the region in 1950. Another such group is the Uyghurs, Muslim people in the region of Xinjiang.

The Rohingya form a large group of stateless Muslims who have long been discriminated against in Buddhist-dominated Myanmar. Many have fled to Bangladesh and other Asian countries.

The Catalans have long sought independence for Catalonia, a region in northeastern Spain, through protests, legal actions, and referenda. All of their efforts, however, have been blocked by Spanish authorities.

The Roma make up a large stateless ethnic group that has been subjected to discrimination for hundreds of years in central and eastern Europe. Many have no nationality.

The Quebecois are people of French descent in Canada, mostly in the province of Quebec. A secession movement in Quebec has been unsuccessful for decades.

A. J. Smuskiewicz
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Supranationalism




Supranationalism refers to a form of political organization that partially transcends the sovereignty of its constituent units and increases the permeability of their boundaries; such a political organization is not a complete federation, because the incorporated states retain a significant measure of political independence. A cluster of states that joins together to promote trade and economic development or to enhance their collective security is not necessarily a supranational group. To be considered a supranational group, integration beyond promoting mutual interests must be sought and achieved. Some commentators consider supranationalism to be a form of political globalization.

DEVELOPMENT OF SUPRANATIONALISM IN EUROPE

The first specific reference to supranationalism in a legal document appears to be in the Treaty of Paris (1951), which formally established the European Coal and Steel Community (ECSC), setting the stage for the creation of the European Economic Community (EEC) with the Treaty of Rome (1957). After adding members steadily for several decades, the EEC became the European Union (EU) under the Maastricht Treaty in 1994.

The drive toward supranationalism in the European region has several points of origin. In the aftermath of World War II, European countries sought a method beyond simple treaties to ensure a lasting peace on the continent. Economic integration was viewed as such a method, because by tightening economic (and ultimately, political) ties, potential causes of conflict would be undermined, an idea that is the foundation of economic peace theory in international relations. In addition, some of the smaller European countries were at a disadvantage in competing against the larger economies and sought to be more competitive in a larger, single economic space. This was the case with the Benelux customs union, formed in 1948 between Belgium, the Netherlands, and Luxembourg. Customs duties and other impediments to trade between the Benelux countries were reduced, leading to rapid economic growth and other benefits. The three Benelux states joined with the larger economies of West Germany, Italy, and France to form the EEC. The EEC was much more than a simple customs union, because it attempted to coordinate economic policy among its members, some of whom initially resisted what they viewed as efforts to erode their national sovereignty.

The central goal of the EEC, or Common Market, as it was labeled in the British media, was economic advancement, but it also acquired political dimensions early in its development. For example, the Treaty of Rome, which formed the EEC, allowed for additional members to join the organization, but no new members were accepted until the United Kingdom (UK), Denmark, and Ireland were added in 1973. The UK had applied for membership as early as 1960, but France had consistently blocked British membership, fearing that including the British would open the door to too much Anglo-American influence on EEC policies. In addition, only states that were governed according to democratic principles (such as universal suffrage, free media, and other democratic institutions) were welcomed into the EEC.

In the 1980s, European countries that had previously been dictatorships were allowed to join the EEC after the dictatorships collapsed and were replaced by representative democracies, including Greece, Spain, and Portugal. Moreover, the Single European Act (1986) set the stage for the most significant advancement in cooperation among the EEC’s economies in decades: the creation of a single European currency backed by a central banking system. For the British and Danes, this step represented too great a loss of national identity and sovereignty, and those governments opted out of the monetary union and retained the use of their national currencies.

THE EUROPEAN UNION

The EU, created by the Maastricht Treaty (1992), is a truly supranational organization in which member states have relinquished a significant amount of control over their borders and, for those in the monetary union, over their economic policy as well. The union created a borderless region across most of Europe, including several countries that are not members. In effect, virtually the entire European region, representing a population of hundreds of millions of people, began functioning as a single entity in terms of border security.

In addition to a common currency, the euro, the EU has developed other characteristics of a nation-state, including a number of governing institutions, such as a bicameral legislature composed of the European Parliament (EP) and the European Council. EP members are directly elected by European voters. Thus, in a number of areas, the EU appears to have acquired the powers of a federation, but there have been signs in recent years that the public in a number of member states is unwilling to grant supreme sovereignty to the organization. In 2005, both the French and the Dutch rejected ratification of the European Constitution, resulting in a setback for those who wished to invest and centralize more political power in the EU political institutions. In 2016, voters in the UK opted to withdraw from the union (the withdrawal is known as Brexit, a combination of the words “Britain” and “exit”). Nevertheless, the EU represents a significant accomplishment in terms of political and economic integration.

The EU’s experiment with supranationalism is an ongoing work in progress, and few observers would attempt a prediction as to how broad the geographical sweep of the organization will ultimately be, or how successfully challenges to greater integration will be met. One challenge lies in the realm of legal and social policy. EU countries have different legal codes and social standards. In some European countries, laws governing so-called “victimless crimes,” like drug use and prostitution, are quite liberal even by Western standards. For example, in a number of EU countries, the limited use of certain drugs for personal use is tolerated, if not technically legal. Yet in other EU member nations, such activities are illegal. Standards and laws governing environmental degradation also vary in many cases. For the time being, laws regulating these activities remain within the purview of individual member states, though EU laws are supreme over individual countries’ laws in areas where the EU has jurisdiction. At some point, it may become necessary to codify some laws across the EU.

BEYOND EUROPE

Although the EU currently stands as the primary example of a supranational polity, other nations have moved toward supranationalism. The advantages of a regional bloc of states all using a single, centrally backed currency have become obvious with the advent of the euro, which now competes with the U.S. dollar as an international currency.

In 2002, the African Union (AU) was formed with the goal of uniting African countries in order to create “an integrated, prosperous and peaceful Africa driven by its own citizens and representing a dynamic force in the global arena.” Meanwhile, the Union of South American Nations (UNASUR), formed in 2008, clearly seeks to emulate many of the aspects of the EU, and UNASUR member states have worked to dismantle many of the barriers to the movement of people, goods, and capital across the South American region.

Reuel R. Hanks
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Sustainable Agriculture




Sustainable agriculture is agriculture that can maintain its productivity indefinitely. Practices now grouped under the term “sustainable agriculture” were once ubiquitous, or everywhere. Most farms had no choice but to operate sustainably until the first half of the 20th century, when nonrenewable fossil fuels, chemical pesticides, and synthetic fertilizers came to be used for food production and distribution. Without chemical fertilizers, maintaining soil fertility by building up organic matter through natural means was the only way to maintain crop health. Without fleets of cars, trucks, and airplanes to transport food to far-flung locales, farmers had to produce a wide variety of crops, animal products, and other materials to support themselves and their neighbors. Prior to the large-scale urban development of the Industrial Revolution, most Americans—and most people worldwide—either were farmers themselves or relied directly on farmers. Under these environmental and social conditions, farmland was valued by all, and maintaining it made sense not only ecologically but also economically and socially.

After World War II, however, a series of factors encouraged many people to abandon farming for jobs in growing cities, severing connections to farmland and to the social and ecological forces that sustained it. Those who remained in agriculture were now tasked with feeding more people, using fewer farms and farm workers. The easiest way to do this within the political and economic climate of the time was to consolidate small farms into ever-larger enterprises and to use the tractors, pesticides, and chemical fertilizers that had become widely available.

U.S. government subsidies—created to ease the economic hardships of farming during the Great Depression and the great Dust Bowl that ravaged soils on farms throughout the western United States—encouraged this trend toward what is today known as conventional agriculture. As farm subsidies were based on total farm acreage and were paid almost exclusively to farmers who grew a few staple crops (mainly wheat, corn, cotton, rice, and soybeans), farmers continued the trend of growing just one or two crops (known as “mono-cropping”) on ever-larger farms. As a result, conventional agriculture (also known as industrial agriculture) moved away from the old model of self-sustaining farms, instead relying heavily on outside inputs, including subsidies, chemical fertilizers, and fossil fuels. Since 1995, three-quarters of all federal subsidies have gone to just 10 percent of U.S. farms, and these farms are overwhelmingly large, conventional operations growing those primary staple crops. Meanwhile, small- and mid-size farmers have struggled to earn a living.

SUSTAINABLE AGRICULTURE MOVEMENT

The movement to return to more sustainable agricultural methods began in the 1970s, prompted by a growing public awareness of pollution from oil spills, industrial waste, and agricultural chemicals. The 1962 publication of Silent Spring, written by marine biologist Rachel Carson, offered the first comprehensive look at the health effects of DDT, arsenic, chlordane, organophosphates, and a host of other chemicals used in pesticides and herbicides. These included mutations, cancers, and many other cellular deformities in animals. Prompted by a desire to find healthier ways of farming and eating, the sustainable agricultural movement blossomed alongside the organic movement.

Those who promoted the virtues of sustainable farming noted that soil was not simply a sterile medium for growing crops but rather a living substance maintained only through proper care. Conserving soils, they argued, could not be achieved simply by adding chemical fertilizers. Rather, whole systems of farming maintained organic matter, which in turn supported vital communities of insects, microbes, fungi, and other organisms, which then supported not only healthy crops, but also whole ecosystems and whole human communities.

On a more philosophical scale, the sustainable agriculture movement is also concerned with the following:

•      a perceived lack of human connection to the natural world and to farming;

•      negative impacts to the environment from loss of soil fertility, pollution, destruction of wildlife habitat, and general loss of biodiversity;

•      negative impacts on human and economic health from our reliance on just a few crops;

•      economic consequences of extremely cheap food and low farm wages; and

•      social and economic impacts on rural farming communities.

Proponents of sustainable agriculture aim to address all of these issues by returning to farming practices that encourage community relationships, local economic vitality, and ecological diversity. According to the U.S. Department of Agriculture’s (USDA) Sustainable Agriculture Research and Education (SARE) program, the following are among the many “best practices” that farmers and ranchers can use to improve sustainability on their land:

•      using genetically diverse, non-GMO seeds and livestock, especially “heritage” breeds that are adapted to local climates;

•      interplanting annual crops with nitrogen-fixing cover crops and trees to conserve soil and water, increase beneficial insects, and reduce the need to plow;

•      conservation tillage, including reduced and no-till systems, as well as contour plowing, all of which can prevent the loss of soil from wind and water erosion—conservation tillage can also reduce soil compaction, increase water infiltration, and encourage the growth of microorganisms that are beneficial to crops;

•      using on-farm wind and solar power to reduce reliance on fossil fuels;

•      diversifying production to include value-added products that are processed on-farm and have a longer shelf life; and

•      controlling weeds and insect pests through a combination of crop rotation, cover cropping, general plant and habitat diversity, and maintaining organic matter in the soil.

Terri Nichols
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Sustainable Development




In its simplest, most basic sense, sustainable development refers to the creation of social and political systems that allow people to reach their maximum level of health, happiness, and success by drawing on, but not using up, the natural resources available to them.

Sustainable development is a relatively new concept. One of its first definitions is that provided by the Brundtland Commission in 1987. The Commission defined sustainable development as “development that meets the needs of the present without compromising the ability of future generations to meet their own needs.” The Brundtland Commission was a committee convened by the United Nations (UN) in 1983 to consider “the accelerating deterioration of the human environment and natural resources and the consequences of that deterioration for economic and social development.” Formally known as the World Commission on Environment and Development, the committee is better known by the name of its chair, Norwegian diplomat Gro Harlem Brundtland.

THREE FUNDAMENTAL PILLARS OF SUSTAINABILITY

Sustainable development is often considered to rest on three fundamental pillars: environmental sustainability, economic sustainability, and sociopolitical sustainability.

Primers on sustainable development often illustrate these three elements in the form of a diagram of three intersecting circles, one for each of the three pillars. The intersection of any pair of circles represents one aspect of sustainable development. The interaction of the economic and sociopolitical circles, for example, represents that feature of a society that guarantees equality for all members of a society. The intersection of the economic and environmental circles represents a society that is viable, that is, it continues to function effectively because it does not exhaust the natural resources it needs to continue operating at maximum efficiency. The intersection of all three circles in such a diagram is taken to represent a sustainable society in which the needs represented by all three circles are being met.

A society is unlikely to survive if it does not adopt a philosophy of sustainable development. Consider a nation, for example, that depends on trees for most of its basic needs, such as fuel, housing, and raw materials for a variety of products. If the people of that nation harvest trees as rapidly as they need them, faster than the trees can regrow, they will eventually run out of the basic materials on which the culture depends. The nation’s economy may begin to falter (the economic effect), and people’s lives will almost certainly become more difficult (the sociopolitical effect). Many primitive peoples learned this principle without reading about it in books. They found by trial and error that they had to think about their needs, not only for the present but also for years into the future, ensuring that they protected natural resources to make sure they would be available for future generations. Only recently have developed nations begun to exhaust their supplies of natural resources at a rate faster than they can be replaced, a phenomenon that led, in fact, to the creation of the Brundtland Commission in 1983.

Some people argue that sustainable development involves a fourth basic pillar: cultural diversity. They compare the need for cultural diversity to that of biodiversity. That is, just as a healthy environment depends on a wide, complex variety of plants, animals, and other living organisms, so does a viable world or regional society depend on a complex mix of different cultures, all with their own histories, philosophies, traditions, and approaches to development. The argument for culture as a fourth pillar of sustainable development most often comes from indigenous people, who feel pressure from developed nations to modernize their cultures and abandon the ways of life maintained for generations. These people have argued at a number of international forums that sustainable development depends not only on economic and sociopolitical development and environmental protection but also on the protection of cultural diversity, to provide a means “to achieve a more satisfactory intellectual, emotional, moral and spiritual existence.”

IMPLEMENTATION OF SUSTAINABLE DEVELOPMENT

Governmental agencies at all levels, from the UN to local town governments, have been examining the specific ways the principles of sustainable development can be implemented within areas of their purview. In addition, many nongovernmental and private for-profit organizations study the implications of sustainable development and the means by which that concept can be put into practice. As an example, the UN Division for Sustainable Development (DSD) was created in 1992 within the UN Department of Economic and Social Affairs to follow up on recommendations made at the 1992 UN Conference on Environment and Development (the so-called Earth Summit) in Rio de Janeiro. Today, the DSD is engaged in a wide variety of activities, ranging from helping nations and regions to develop sustainable development policies to helping individual countries to develop and implement sustainable development practices.

Another way of approaching sustainable development problems is through agencies like the International Institute for Sustainable Development (IISD), a research organization created by the Canadian government in 1990 to study specific problems in sustainable development and to provide information about their findings to nations and communities where they can be put into practice. IISD pursues research and provides information on a large variety of topics, including climate change and energy, foreign investment for sustainable development, sustainable markets, adaptation and risk reduction, and governance for sustainable development.

The implementation of sustainable development is, inevitably, strongly influenced by local issues. For example, Zambia’s economy is dominated by the environmentally devastating minerals-extraction industry. Thus, programs to improve the quality of social, cultural, and political life in the nation must take into consideration the crucial economic role of mining in Zambia.

David E. Newton
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Syncretism




Syncretism is the name of the process by which two or more belief systems are joined together to form a kind of new, fused belief system; the term is most often used when speaking about religions. History provides many examples of cultures living in proximity to one another who adopted their neighbors’ deities, religious beliefs, or sacred practices; one well-known example is the ancient Romans adopting deities from the ancient Greek pantheon into their own religious beliefs. There are many reasons this process may occur and many forms it can take. The process is relatively common in polytheistic religions, but not in monotheistic religions like Christianity and Judaism.

Syncretism was particularly notable in the ancient Near East and Mediterranean region, where Egyptian, Mesopotamian, Levantine, Greek, and Roman religions frequently intersected. Among these various polytheistic traditions, it was common to equate certain deities or principles from one’s native religious tradition with similar deities or principles worshipped or observed by neighboring peoples. Thus, Alexander the Great could equate the Egyptian god Amun with the Greek god Zeus, and the Romans could identify Ares in Greek stories of Mars. Some ancient scholars went to great lengths to point out such parallels and used them to validate their own religions as much as to qualify foreign traditions. One legacy of such syncretism is the more or less interchangeable Roman and Greek pantheons commonly studied today.

Christianity was not as conducive to flexible syncretism as the ancient polytheistic religions, but the process continued to occur. Many of the sacred days of the Christian calendar (Christmas and All Saints’ Day, for example) were placed near the dates of pagan sacred days (Saturnalia and Samhain, respectively). Stories written down in the early Roman Empire about the life of Jesus of Nazareth bear many similarities to accounts of preexisting faiths, like the cults of Dionysus or Mithras. When Christianity entered new territories, it often retained some of the old local religious practices, as demonstrated by the Celtic high crosses in Ireland that combine the Christian cross with a circle representing the sun. While Christianity is undeniably a monotheistic faith, it is interesting to consider whether the many layers of divine intermediaries—the Trinity, angels, saints, and the Virgin Mary—were incorporated into the faith as a way to satisfy polytheistic converts.

A version of syncretism can be seen today in the fusion of the religions of voodoo in Haiti and Santería in the Hispanic islands of the Caribbean. Those faiths blend Roman Catholicism with West African gods and religious practices, such as animal sacrifice, that slaves brought with them to the New World. Syncretism continues as practitioners of voodoo and Santería have imported those faiths into U.S. cities. Comparable phenomena can be observed in the histories of India, Japan, Scandinavia, Central America, and most other communities in the world. A study of comparative religion demonstrates that there is an extraordinary diversity of spiritual beliefs across the globe. Syncretism is one of the processes by which that diversity of beliefs came about and, indeed, continues to develop.

Ryan Hackney
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Tragedy of the Commons




The tragedy of the commons is a conceptual framework used to model the divergence between individual self-interest and the common good. It has been applied to overpopulation as well as many other situations involving natural resources.

The principles underlying the tragedy of the commons were articulated by Thomas Malthus, Adam Smith, and other leading thinkers of the 18th and 19th centuries. Its contemporary formulation was articulated by American biologist Garrett Hardin, who illustrated the concept using an example of farmers who own a large area of pasture land in common. Suppose that each farmer owns a herd of cattle that graze on the commonly held pasture. The income of each herder depends on the size of his or her herd; the larger the herd, the more money the herder earns. Thus, it is in the interests of each herder to add more cattle to his or her herd. However, if too many cattle are added to the common pasture, the pasture becomes overgrazed. In environmental terms, this means that the carrying capacity, or the number of cattle that can be sustained on the pasture under current environmental conditions, would be exceeded. In that case, the cattle starve, and everyone’s income is lost.

At any given time, each farmer is faced with a choice—should the herder add another cow to his or her herd, or not? An individual farmer faced with this choice is likely to reason that one additional cow will have little impact on the overall cattle population. As a simple example, suppose that there are 100 herders with 50 cattle each using the common pasture. Thus, the total cattle population is 5,000. An individual herder reasons that his or her adding another cow will increase the total cattle population from 5,000 to 5,001. The 5,001st cow is a “drop in the bucket” and is very unlikely to cause pasture-wide overgrazing. However, if everyone adds a cow and continues to add cows, overgrazing will result and will harm everyone. Thus, pursuit of individual interest leads to a situation in which everybody acting in his or her own self-interest suffers.

The tragedy of the commons has many real-world applications involving the management of common-property resources, including rainforest depletion, overgrazing, overfishing, and many others. For example, rainforest depletion is a major environmental problem in the Amazon River basin of South America and many other tropical environments throughout the world. Farmers cut down rainforests in order to convert the land to cropland or grazing land. An individual farmer may reason that cutting down a few acres of rainforest in order to plant crops on the land will have little impact on the vast rainforest. However, as more and more farmers cut down rainforests, depletion intensifies. Experts have estimated that about 25,000 square miles, or an area about the size of West Virginia, is converted from rainforest to other uses in the Amazon basin every year. As applied to overpopulation, the tragedy of the commons model illustrates divergence between an individual’s interest in having more children and society’s interest in preventing overpopulation.

What can be done to alleviate the conflict between individual and collective interest, especially as applied to population-related issues? Communication is often a key to overcoming the tragedy of the commons. Farmers facing the tragedy of the commons could meet and agree upon a set of ground rules to govern managing the common-property resource. The rules would likely include penalties for those violating the rules. In the contemporary world, rules are imposed by population policies. In some countries, such as India, population policy involves voluntary incentives to discourage large families. In other countries, such as China, with its one-child population policy, rules are more coercive.

At least in the short run, the impacts of the tragedy of the commons have been alleviated, or at least postponed, by technological change. As an illustration, what if researchers were able to buy or breed more “productive” cows that would require less grass in order to survive, or would produce more milk or beef per pound? In this case, the number of cows that the pasture could support without exceeding carrying capacity would increase. As applied to population, this increased-productivity strategy is the strategy of the Green Revolution, in which technology was used in order to increase per-acre crop yields in Africa, India, and other parts of the world in order to alleviate hunger problems associated with overpopulation. Over the long term, however, it is recognized that Earth’s carrying capacity is finite and that continuing population growth will eventually result in large-scale environmental impacts.

Fred M. Shelley
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Transculturation




Transculturation is a process of cultural change that involves one culture absorbing elements from another. The concept of transculturation holds that, during the era of imperialism, the cultural identity of subjugated peoples was transformed, with the indigenous culture absorbing and modifying characteristics of the imposed European identity. In other words, colonized peoples or minorities construct cultural histories for themselves that at least partially incorporate the perspectives and logic of the dominant culture; as a result, their self-representation is partially rooted in cultural constructs imposed from above. This absorption of new ideas may result in the loss or alteration of existing ideas already present in the culture. The term “transculturation” was first used in the 1940s and 1950s by Latin American intellectuals, such as the Cuban ethnographer Fernando Ortiz and the Uruguayan writer Angel Rama, who focused on the role indigenous cultures played in shaping the character of national identity. Transculturalism also encompasses other contexts involving more than one culture, such as racism, interracial marriage, and ethnic conflict or wars.

A common manifestation of transculturation is religious syncretism (the merging of multiple religious forms or practices), with the resulting faith sometimes gaining recognition as a new religious movement, as in the case of voodoo, Santería, or the so-called “cargo cults” of the South Pacific. One example of religious syncretism is the ancient Romans adopting deities from the ancient Greek pantheon into their own religious beliefs. Transculturation is related to the process of modernization, but whereas modernization implies an abandonment of cultural values and practices in favor of uniform, contemporary standards, transculturation suggests an adaptation based on the interaction and interpretation of social and historical evaluations from all the included cultural influences. The process of crafting a national identity in a multinational state that may eventually lead to the evolution of a nation-state may be seen as a variation of transculturation. Successfully constructing such an identity involves the adaptation and reconstruction at some level of values and morals of all member groups, who must by default constitute and recognize its legitimacy.

Some postmodern scholars of literature, such as Mary L. Pratt, have argued that transculturation is in reality a form of resistance to the ethnocentrism (the point of view that one’s own culture, ethnic group, religion, or race is fundamentally superior to others) of the colonizing power, and that the process is most pronounced in so-called contact zones. Such zones are fundamentally a geographic construct, because they represent both the space in which the process of transculturation transpires and the space in which elements of a cultural hybridization are incubated and ultimately expressed. In purely geographical terms, such spaces represent the reduction of distance in a core and periphery relationship linked to cultural diffusion. In a postcolonial context, globalization may be viewed as an expression of transculturation. This situation is more complex than the colonial example, because globalization does not occur through exclusive binary relationships, and there is there no single “hegemonic” culture, to borrow Pratt’s term, that dominates, although some commentators would contend that Western culture itself serves as the hegemonic element in globalization.

Reuel R. Hanks
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Transnational Corporations




Transnational corporations (TNCs) are large companies that operate in more than one country. TNCs, which can be owned publicly or privately (or in a combination of the two), have headquarters based in one country and own and operate assets, often including smaller companies, in other nations. TNCs are also known as multinational corporations. In 2018, the companies on Forbes’s annual Global 2,000 list of the largest publicly traded companies accounted for $39.1 trillion in sales, $3.2 trillion in profit, $189 trillion in assets, and $56.8 trillion in market value.

The rise of globalization in the 20th century opened new economic markets around the world. Corporations began outsourcing operations to developing countries where labor cost less, environmental laws were less stringent, and natural resources were abundant. Foreign corporations’ needs were accommodated by countries they operated in, and at times their economic investments were given more consideration than local communities that were negatively impacted. In addition, TNCs have lobbied for the North American Free Trade Agreement (NAFTA), the Central American Free Trade Agreement (CAFTA), and the World Trade Organization (WTO) to remove barriers to free trade.

IMPACT

TNCs have been criticized by antiglobalization activists, nongovernmental organizations, and others. Critics say that TNCs prioritize corporate profit and that their actions result in lower wages, damage to the local environments, and disruption to local cultures. Meanwhile, TNCs’ wealth and political influence have been used to protect their interests. Critics say arrangements between companies and local politicians have fueled government corruption and bribery. TNCs have been difficult to regulate amid international and national laws.

Those who favor globalization argue that TNCs are key to sustainable economic development and that they create jobs and opportunities for new businesses, in addition to investing in technology transfer and bringing modernization to the developing world.

In labor, TNCs have been cited for sweatshop practices. TNCs manufacture products in countries with low minimum wages and few health and safety regulations in the workplace. In Latin America, locals are often required to work shifts of up to 13-hour days, six to seven days a week, for low wages. The lack of safety regulations led to the 1984 Bhopal disaster in which a toxic gas leak from the Union Carbide pesticide plant in India caused the deaths of 20,000 people. In recent years, many TNCs have changed their overseas operations, as consumers have demanded products that are not made by laborers earning low wages or using practices that could hurt the environment.

TNCs’ operations can have a substantial impact on the environment. As the United States and Europe passed laws on eliminating waste in the 1990s, TNCs transported their waste to developing countries, causing pollution. In addition, by harvesting raw materials in other countries, TNCs may deplete those nations’ natural resources. However, TNCs may also affect the environment positively by taking up environmental improvement initiatives, whether by choice or due to local regulations.

Because TNCs become essential to the survival of areas where their operations are based, they can influence legislation and improve the quality of life in developing nations. Local communities can become dependent on TNCs, but these corporations may move to areas where it is more profitable to operate. If TNCs account for a large portion of a country or region’s industry, moving can result in thousands of jobs being lost. Conversely, thousands of jobs can be created at the TNC’s new location. Local businesses may be forced to close if they cannot compete with the economic success of TNCs.

Nita Lang

See also: Core and Periphery; Demographic Transition Model; Offshore Outsourcing; Sustainable Development; World Systems Theory

Further Reading:

Cuyvers, Ludo, and Filip De Beule, eds. 2005. Transnational Corporations and Economic Development: From Internationalisation to Globalization. New York: Palgrave Macmillan.

Dieterle, David A., ed. 2017. Economics: The Definitive Encyclopedia from Theory to Practice. Santa Barbara, CA: Greenwood.

Frynas, Jedrzei George, and Scott Pegg, eds. 2004. Transnational Corporations and Human Rights. New York: Palgrave Macmillan.

Tundra




The tundra is the treeless area along the coast of the Arctic Ocean in Europe, North America, and Asia, north of the boreal forest. It covers approximately 10 percent of the earth’s land surface, although its extent is diminishing as the climate warms. The tundra is the coldest of the biomes and receives little precipitation, roughly 6–10 inches (15–25 cm) of rainfall per year.

Despite receiving little rainfall, the tundra is typically wet because cold temperatures and six to eight months of darkness keep evaporation rates low, allowing moisture to remain in the soil. The tundra is dotted with ponds and bogs.

Tundra vegetation has adapted to cold, wet, windy conditions and a short growing season. The tundra is dominated by a thick cover of mosses. The mosses stabilize the soil and provide a habitat for a diverse community of invertebrates. Lichens, grasses, and sedges are also common on the tundra. With a short growing season and low solar intensity at Arctic latitudes, many tundra plants reproduce by budding rather than expending scarce energy resources to make flowers and seeds.

[image: image]

This map shows regions in which the tundra biome is found. The tundra is the coldest of all biomes. It occurs in areas of low precipitation and cold temperatures, such as the Arctic. Vegetation in the tundra biome is dominated by mosses, lichens, and grasses because they require only a short growing season. (Designua/Dreamstime.com)

With temperatures below 32°F (0°C) most of the year, tundra soil is underlain by permanently frozen ground, known as permafrost. In the summer, temperatures rise up to 64°F (18°C). This thaws the top meter or so of soil, which is known as the active layer. The thawing of the active layer in the Arctic summer allows plant roots to grow, and long daylight hours promote photosynthesis. Thawing also promotes plant respiration and microbial action that decomposes dead organic matter.

The tundra is known for an explosion of insects in the spring, including spiders, moths, grasshoppers, blackflies, and large, voracious mosquitoes. There is a diverse population of tundra mammals. Herbivores include lemmings, squirrels, hare, and caribou. They are preyed on by foxes, wolves, black bear, and grizzly. Salmon, trout, and other fishes are found in tundra lakes and rivers. Most bird species are migratory, arriving in the tundra in spring to feast on insects and raise young before heading south at the end of the short Arctic summer. Some bird species, such as ptarmigan, overwinter on the tundra in burrows in the snow. Reptiles and amphibians are not suited to extreme cold owing to their cold-blooded physiology. They are essentially absent from the tundra.

The tundra is rich in mineral resources. Oil and gas exploration and production is the largest source of revenue on the Alaskan tundra and drives the state’s economy. The Canadian Arctic is a major source of oil and gas, and it also produces diamonds. The Alaska pipeline crosses the Alaskan tundra, transporting petroleum from drilling operations on the tundra to terminals in the south.

THREATS AND CONCERNS

Tundra ecosystems are under threat on several fronts. In the past 50 years, the Arctic has seen the most extreme warming on the planet, reaching temperatures as high as 43°F (6°C), well above 20th-century averages. Warming temperatures have caused melting permafrost, increasing evaporation rates, and greater incidence and extent of wildfire. The 2007 Anaktuvuk River fire burned across more than 380 square miles (1,000 km2). This was more than twice the extent of wildfire in the Alaskan tundra in the past 50 years.

Warming is also shifting the northern boundary of the boreal forest north into territory that was previously tundra. This decreases the overall extent of the Arctic tundra. Some studies predict that at least half of the tundra would see changes in plant communities by 2050, including a 50 percent increase in woody plants and trees.

The warming tundra raises important concerns in the earth’s carbon cycle as the global climate warms. Tundra soils hold vast reserves of carbon. These reserves could potentially be released into the atmosphere as the tundra thaws. In the past, the tundra has served as a carbon sink. Microbial decomposition of organic matter has not kept up with carbon uptake by plants through photosynthesis. As a result, the tundra takes in more carbon than it releases into the atmosphere on an annual basis. As the tundra warms, however, the balance between the uptake of carbon through photosynthesis and the release of carbon through respiration could change.

Warming temperatures will promote photosynthesis during the short Arctic summer and thus make the tundra more of a carbon sink. However, plant respiration and microbial decomposition will also increase, moving the tundra toward being more of a carbon source. The precise carbon balance of the tundra is poorly understood at present, and in the future, it will largely depend on the amount of warming that takes place.

Some studies have found an increased likelihood that the tundra will shift toward being carbon neutral on an annual basis, or even becoming a carbon source. In addition, melting permafrost and sinkholes, or “thermokarst” features, could release carbon directly into Arctic waters and expose organic material to sunlight. This would further enhance the movement of carbon from the tundra to the atmosphere or surface waters and, eventually, to the ocean.
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United States–Mexico–Canada Agreement (USMCA)




The United States–Mexico–Canada Agreement (USMCA) is the successor to the North American Free Trade Agreement (NAFTA), dating to 1994. It was a priority for President Donald Trump, who claimed that NAFTA was unfair to Americans. Negotiations took place over a 13-month period before being finalized literally hours before the deadline. Changes in the agreement include opening the Canadian dairy market to U.S. farmers; raising the percentage of automobile parts that must be manufactured in North America to avoid tariffs; and forcing manufacturers to pay higher wages to more workers. None of the three countries received all they wanted. The agreement must be ratified by all three countries before it can take effect in 2020.

NEGOTIATIONS

NAFTA was negotiated during the Bill Clinton presidency. The goal was to establish the world’s largest free trade area to include Canada, Mexico, and the United States. Backers hoped that increased trade and prosperity would result for all countries. Opponents in the United States felt that the deal gave too much away to other countries and did not prevent the loss of manufacturing jobs from the United States to other countries paying lower wages.

During the 2016 presidential campaign, Trump made trade imbalances an important part of his campaign. He promised to renegotiate NAFTA or to cancel it. When he took office in January 2017, Trump quickly moved to carry out many of his campaign promises regarding relations with other countries. Negotiations began in 2017 and stretched for more than a year. Because Mexican president Enrique Pena Nieto’s term expired on December 1, 2018, and a 60-day review before signing was required, the deadline for an agreement was September 30, 2018. Each leader was under pressure to negotiate the best deal for his country. Trump reached an agreement with Nieto some time before a deal was made with Canada. Negotiations went to nearly the last minute before an agreement was reached hours before midnight on September 30. Twelve “side letters” were also included with the USMCA to deal with specific issues.

THE AGREEMENT

Each country gave up some of their requests, but they also each received some of the changes they’d requested. Important changes from NAFTA included the country-of-origin rules for automobiles. In the past, 62.5 percent of components of automobiles assembled in North America had to be manufactured in Mexico, Canada, or the United States. Under the new agreement, that percentage went up to 75 percent. Vehicles that do not meet the country-of-origin rules will be subject to tariffs before being imported into either the United States, Mexico, or Canada. The goal is to increase the manufacture of automobiles in North America.

In a related clause, at least 30 percent of the work done in manufacturing cars and trucks must be performed by workers who earn at least $16 per hour; by 2023, the percentage increases to 40 percent. The Mexican government also committed to making it easier for workers in that country to unionize. Labor protections to migrant workers and protection for women from discrimination were also promised. Both steps were goals of U.S. labor leaders.

U.S. farmers received greater access to the Canadian dairy market. Canada had restricted U.S. dairy imports, but now a larger amount of “Class 7” products like powdered milk and milk proteins can be sold north of the border. The U.S. share of the Canadian market was raised from 3.25 percent to 3.6 percent. In addition, Canadian citizens will be able to bring $150 of American purchases back to Canada before having to pay import duties.

One of the smaller, but significant, aspects of USMCA is that copyright protection for intellectual property was increased from 50 years beyond the life of the creator to 70 years. In addition, the period of protection for pharmaceutical drugs from generic competition was increased. Tariffs on digital products like music and e-books were prohibited.

Certain clauses from NAFTA were retained because the countries demanded it. Canadian negotiators were able to keep a provision from NAFTA that provided for a panel of representatives from each country to mediate disputes between the states. The United States insisted that tariffs imposed on steel and aluminum imports from Canada and Mexico remain in place. A new article, 32.10, was added for the United States, requiring each country to tell the others if it planned to begin negotiating a free trade deal with a nation outside North America.

The USMCA includes a provision that every six years, the three countries will review the agreement to determine if changes need to be made. After 16 years, USMCA will sunset, giving the countries an opportunity to negotiate a completely new agreement as needed.

Tim J. Watts
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Von Humboldt, Alexander




Alexander Freiherr von Humboldt (1769–1859) was a German naturalist and explorer, as well as one of the most influential geographers of the 19th century. He lived a life of exploration and discovery and moved geography itself forward with his research and ideas.

Von Humboldt traveled extensively through Latin America, including a five-year expedition there from 1799 to 1804. He became an outspoken critic of slavery, imperialism, and authoritarianism there. He also fought the prevailing notion in Europe that the Americas were lacking in history, newly formed, and inferior to the “known world” of Europe.

Von Humboldt’s book about the views of the Cordilleras and the monuments of the indigenous peoples of the Americas refuted this notion. The Americas were not only old geologically, but they were also populated by a diverse array of indigenous groups, speaking different languages and having unique and rich cultures and histories. In the world of 1800, his views were not popular, particularly with the political classes of many countries keen on eradicating or subjugating native populations.

Von Humboldt discovered the cold ocean current in the Pacific that flows north from southern Chile to Peru. The current still bears his name. It is one of the major upwelling systems of the world, supporting an abundance of marine life and nearly 20 percent of the world’s fish catch. Von Humboldt discovered a connection between the Orinoco and Amazon river systems and collected thousands of plant species. He also observed how Ecuador’s volcanoes were positioned in a line, as though they were following a fault. This was later identified as an influence of the plate boundary on the coast, in the earth’s crust. Von Humboldt prepared the first relief map of Spain.

His discoveries and observations show how well versed he was in plants, natural hazards, oceans, river systems, animals, land cover, and weather—in short, von Humboldt was a holistic-thinking geographer. He is known primarily for his work in physical geography. But he was also a keen observer and writer about language, art, clothing, cultural norms, and history. In that respect, he foreshadowed 20th-century geographers such as Carl Sauer. Von Humboldt sought to understand how human values shape our perception of nature.

KOSMOS AND HOLISTIC GEOGRAPHY

Von Humboldt died while working on the fifth volume of his book Kosmos: A Sketch of the Physical Description of the Universe. The book was an attempt to provide the world with a unified explanation for all existence. Von Humboldt had been writing Kosmos for 17 years. He managed to publish the first four volumes before his death. Kosmos echoed some of the grand tomes of the early Greek geographers 2,000 years earlier.

He embraced the new emphasis on positivistic science and rigorous observation that was emerging in the scientific community. However, unlike some of his contemporaries, he did not fully embrace the domination of nature by humans.

In this sense, von Humboldt foreshadowed the “noble nature” ethic of the late 19th century, as exemplified by Theodore Roosevelt and the movement to protect land before it was all under human influence. He also prefigured the environmental movement of the 1970s and beyond. Von Humboldt argued for a more ecological view that humans are a part of the larger whole, an interconnected natural ecosystem. To him, nature was a complex and interconnected system that did not exist for the use of humankind alone.

Von Humboldt was the first to describe massive human modification of the landscape, including its detrimental effects, and the first to suggest human-induced climate change. Also modern are his cross-sections and maps showing zones of vegetation at successive levels of altitude. Unlike other geographers of his century and in the 20th century to follow, he did not hold an academic post. Instead, he worked as an independent scholar. Like his academic contemporaries, he wrote extensively and spent years in the field collecting primary-source data.

Von Humboldt was also a good communicator, publishing more than 30 volumes of his recordings while he lived in Paris. He was even able to fashion poetic narratives out of his field observations. His writings inspired other naturalists and poets, including Darwin and Wordsworth. He talked extensively with the poet Goethe. He became so well known that the Russian government invited him to tour the Urals and Siberia for consultation about mining techniques.

Despite his writings and his renown, von Humboldt had little money, in part due to the enormous costs of producing maps and illustrations to accompany his books. Yet, he refused to give up his life of discovery and communication. By foot, canoe, and horseback, he traveled down uncharted rivers, climbed volcanoes, and explored in seagoing vessels. With his party, he climbed to nearly 20,000 feet (6,096 m) up the volcano Mount Chimborazo in the Andes, whose peak is the point on the surface of the earth farthest from the center of the earth, the highest point reached to that date by any European mountaineer. He walked all the way from Berlin to China when he was 59 years old. He even performed experiments on himself to demonstrate the role of electricity as the life force.

Von Humboldt’s influence was so profound that naturalists after him participated in what historians have called “Humboldtian science”—to measure and map every feature of the earth. This would take root in government-sponsored geological surveys later in the 19th century. He began a worldwide network of magnetic observatories and inspired generations of biologists as well, who would found what is now known as ecology. Indeed, von Humboldt’s emphasis on how natural processes shaped the earth and its inhabitants influenced Darwin’s own theory of evolution, in which populations adapt to survive in an ever-changing world. Von Humboldt’s influence continues today—a book he wrote about the Cordilleras in South America was recently translated and edited. It was received eagerly by the natural science and history communities in 2013, well over a century after von Humboldt’s death.

Joseph Kerski
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World Systems Theory




World Systems Theory (WST) is a holistic, analytical approach to international relations developed primarily by the sociologist Immanuel Wallerstein. WST is rooted in spatial concepts. It may be viewed as a perspective on the geography of economic development at the global scale.

The theory has much in common with Marxism, especially the notion that capitalism is an exploitative economic structure that enables certain classes to manipulate the system to take advantage of their superior level of wealth, technology, and development. These classes collectively consign lesser-developed clusters to a position of relative poverty.

A second theory that foreshadowed the world systems concept is dependency theory. Dependency theory holds that the global economic system restricts the ability of developing countries to advance. The system forces them to remain “dependent” on the advanced economies for sophisticated technology and consumer goods. This results in a core and periphery model of international economic relations.

WST adds to the binary arrangement of dependency theory a third dimension, the “semiperiphery,” a zone of transition. Countries in the semiperiphery both are victimized by the core group and exploit those on the periphery.

WST makes a few clear departures from earlier notions about the dynamics of global economic relationships. First, the system de-emphasizes the importance of the nation-state as an independent agent. Rather, economic actors work across political boundaries to preserve and promote their interests. Second, the theory rejects the assumption that every country undergoes a similar progression in its economic development. Proponents of WST argue that countries currently considered “developing” will not evolve economically in the same way that existing economic powers have.

CORE AND PERIPHERY

Countries making up the core of the system share many characteristics. They have stable governments with strongly established state institutions. They often have significant military power. Furthermore, these states possess high standards of living, are highly industrialized, and enjoy high levels of productivity in all sectors of the economy. They can access large pools of capital generated by investment mechanisms and have the most technologically advanced economies.

According to Wallerstein, the initial set of economies that compose the core first emerged in the 1500s, as the maritime powers of Europe engaged in imperialism. Some proponents suggest that a world system was in place much earlier in history. Nonetheless, concentrated in Europe and later North America, these countries established the world system, within two centuries, in much the form that it exists today. Industrialization of the core during the 1800s further solidified its control of the world system.

Core states typically compete for both resources and markets to maximize their economic advantage. Relations between core countries and between the core, periphery, and semiperiphery, may change as new states join this group and alter the dynamics of economic production. On occasion, one country has come to dominate the core. Most recently, this has been the United States.

The periphery represents the collection of the world’s poorest states. Most of these would fall within the more general category of “developing” countries. Economies in the periphery are generally undiversified. They typically rely heavily on extractive activities such as mining, forestry, and agriculture. The level of technological development and application is also low when compared to the core economies. Both systems of governance and state institutions are unstable and inefficient. Countries located in this zone are often the target of exploitation by companies from the core for their natural resource base or labor pool.

According to proponents of WST, the countries of the periphery are kept in a state of developmental disadvantage by a host of mechanisms inherent to the system. Such mechanisms include the stronger currencies of the core states; the ability of the core to dictate terms of loans, investment, and trade (via agencies like the International Monetary Fund, World Bank, and World Trade Organization); and even the threat of military intervention. In theory, it is possible for a country to emerge from the periphery into the semiperiphery and then the core. In fact, this rarely occurs, because the system heavily favors the continued dominance of the core.

The semiperiphery represents countries that have either ascended from the periphery or declined in status and influence and have dropped from the core. Argentina, for example, was confined to the periphery in the early 20th century, but it experienced significant industrialization and economic advancement over the past several decades. The semiperiphery plays a vital part in maintaining the overall status of the system. Economies in this layer resist forming a united front with those in the periphery against the dominance of the core. Some states in the semiperiphery acquire sufficient influence to exploit states located in the periphery. Therefore, they do not see it as being in their economic interests to undermine the commanding position of the core, which they seek to join.

CRITICISM AND SIGNIFICANCE

World Systems Theory remains influential among many political geographers, who find the global scale of the analysis useful. Others have criticized the theory. One of the most common charges against WST is that it fails to properly account for differences in culture and in historical circumstances. Cultural geographers and anthropologists attacking the theory on this basis hold that Wallerstein and others have ignored fundamental differences between cultures. They argue that WST ignores the distinctive character of various historical civilizations, as well as differing social and economic value systems among countries.

Other critics have pointed out that at the time Wallerstein and others were propounding the existence of a nearly ubiquitous world system committed to capitalism, dozens of countries, including the USSR and China, were pursuing economic advancement under a heavily socialized, state-controlled model.

The rise of transnational corporations along with globalization of capital markets has also undermined some of the fundamental assumptions of WST. Such corporations frequently locate production facilities in the periphery, dramatically increasing industrial production there. Yet, despite the critiques of its detractors, WST continues to be a widely discussed and debated theory of state relations and economic development among geographers and social scientists in general.
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Zheng He




During the 15th century, Zheng He sailed distances greater than any recorded before his time, from Ming China to as far as the east coast of Africa, India, and the Middle East. He did so over seven different voyages spanning 28 years, with larger ships and fleets than the world had ever known. Yet, his voyages were barely known to the world until recent years.

Zheng He was an explorer, diplomat, and fleet admiral during the early Ming dynasty in China. At age 10, with the name Ma He, he was taken prisoner when Ming forces invaded his hometown of Yunnan in southwestern China. However, he won favor with the emperor. By the time he was 34, in 1405, Emperor Zhu Di, known as the Yongle Emperor, assigned Zheng He to lead a fleet of ships down the coast of China and then across to India. The emperor had a keen desire to show the world the power of China, explore new lands, and establish trade relationships.

VOYAGES

Zheng He’s voyages built on developments perfected during the Song dynasty a few hundred years earlier, including gunpowder and shipbuilding. Furthermore, Chinese maps by Zheng He’s time had become quite detailed, indicating that the voyagers had a good idea of where they were going even before they set out. Still, they were greatly aided by the magnetic compass, which was in wide use in China by then. The starting point for all of the voyages was the shipyards of Nanjing. From there, ships sailed down the Yangtze River to the East China Sea, south along China’s east coast, and from there to Vietnam and Java, also exploring Thailand and Brunei.

The first voyage included 317 ships, 28,000 men, and their arms and supplies. Several massive “treasure ships” accompanied the voyages, approximately 122 meters long by 49 meters wide. Nine masts flew over them, and they were five times larger than the Portuguese caravels of the time. Horses were stowed below decks for the cavalry, and soil was kept on deck for growing vegetables. Citrus and soybean sprouts helped protect the sailors from scurvy. Semisubmersible sea anchors could be thrown overboard in a storm to reduce rolling. As the square bow pitched in rough seas, water was funneled into the ship, later to be drained out, subduing the pitching motion.

Zheng He’s first voyage (1405–1406) and second voyage (1407–1409) stopped at Vietnam, Java, and the northern coast of Sumatra. From there, just south of present-day Singapore, he traveled through the Strait of Malacca between Malaysia and Sumatra. Once through the Strait, the ships sailed west to Sri Lanka and India, or, as it was known then, Calicut, the great country of the Western Ocean. Zheng’s third voyage (1409–1411) focused on Malacca and Sri Lanka. The fourth voyage reached Hormuz, between present-day Iran and the United Arab Emirates and Oman, an important junction where caravan trade from the Middle East met the sea trade from the Indian Ocean. A surviving log of the seventh voyage indicates that 100 days of sailing was required to reach India from China. Zheng He’s seventh voyage reached Mombasa, in present-day Kenya, on the east coast of Africa. This was another significant accomplishment, as the distance by sea totaled more than 11,000 kilometers, one way. Zheng He died on the return voyage and was buried at sea.

When Zheng He appeared in foreign lands with hundreds of large ships and thousands of soldiers, the native people in those lands were forced to make a decision: engage in military conflict or offer gifts in tribute and send emissaries to pay their respects to the emperor. Facing the serious force that Zheng’s ships and soldiers represented, the native people typically chose the latter; only three times did Zheng’s forces encounter serious armed resistance. At times on the voyages, Zheng He and his men deposed the current ruler and installed one of their own choice, such as in Sri Lanka in 1409–1411. In Sumatra in 1414, the Chinese captured a pretender to one of the local positions of power and sent him back to Nanjing, where he was executed. These types of actions, as well as the fear and respect that tales of these actions caused, ensured a steady stream of tribute brought to the Ming court from newly installed Chinese rulers. However, by and large, Zheng He’s missions were peaceful, and his voyages marked the beginning of diplomatic missions—90 in all during the period of Emperor Zhu Di alone.

IMPACT AND LEGACY

Though Zheng He’s voyages were followed by a long period of isolationism, their impact on geographic thinking and cultural geography was significant: they spread information about the lands, plants, animals, and people of Asia to Africa, the Middle East, and Europe, and vice versa. During the fourth voyage, for example, thousands of plants and hundreds of animals and artifacts were shipped back to China. Ambassadors from lands visited by the fleet traveled back to China as well. These interactions spread knowledge about cultural and physical geography. Never before in the world had there been voyages that had lasted so long, involved as many people, sailed as far, involved such advanced ships, or carried such advanced navigation technologies.

Following Zheng He’s voyages, much of the rest of the Ming period was marked by isolationism. Chinese officials dismantled the fleet after the deaths of Zheng and the Yongle Emperor, and in 1529, they destroyed the records of the voyages. The accomplishments represented by Zheng’s voyages sank into obscurity until the publication in 1904 of Biography of Our Homeland’s Great Navigator Zheng He by the Chinese scholar Liang Qichao.

Zheng He’s voyages vastly increased the geographic knowledge not only of a select group of political nobility but also of those whom he had contact with throughout Asia and the Middle East. His advances in shipbuilding and navigation technology would influence the future of settlement and exploration.

Joseph Kerski
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