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Chapter 1

Then and now

The question is: why don’t we live in a Bruegel painting? Pieter Bruegel depicted everyday life in the small towns and villages of 16th-century Flanders (see Figure 1). Peasants drove horse drawn ploughs and carts. Townsmen worked in small shops with hand tools to weave cloth, slaughter pigs, and bake bread. Indeed, there was a good deal of emphasis on food, which bulked large in the economy.

Churches were prominent.

Entertainment revolved around village fetes.

It’s all different today, of course. Hand tools are the preserve of the hobbyist.

Production is undertaken in large factories with machines and robots. Our homes are heated with electricity and gas: wood belongs in the fireplace and charcoal in the barbecue. We drive cars, fly planes, talk on mobiles. We live in great cities. Farmers make up only a few per cent of the population. The countryside is for walks where we ‘reconnect’ with nature.

It has taken centuries to get from then to now. The Industrial Revolution was a decisive juncture on that journey, and it occurred at the halfway point between Bruegel’s era and today.

‘Industrial Revolution’ refers to the far reaching transformation of British society that occurred between the mid-18th and mid-19th centuries. The Revolution wears the two faces of Dr Jekyll and Mr Hyde. On the plus side, manufacturing technology was revolutionized as factories replaced handicraft methods. Productivity leaped up through the invention of machines to spin and weave cloth; the perfection of the steam engine so that it became a widely used source of power; the replacement of charcoal by coal in the smelting and refining of iron; and the construction of the first railways. Cheap coal displaced expensive renewable energy sources like wood, water, and wind. The continuous search for improved methods of production became normal business practice. Cities grew as people shifted from farming to industry and commerce. Productivity and national output have risen since the mid-18th century to produce an enviable prosperity in the West. This is the benevolent face of Dr Jekyll.

The Industrial Revolution also had a dark side, for it brought poverty as well as progress. This was Mr Hyde’s malevolent face. Technical change threw many people out of work. Twelve-hour work days were normal in the new factories, and the remuneration was meagre. Workers’ housing in the expanding cities was often squalid, and lacked effective sanitation and safe drinking water. The cities were polluted. The provision of education was limited. Some romantics rejected the new industrial order, and many writers explored its contradictions in the ‘social problem novel’. Workers organized trade unions (although they were illegal) and protest movements to improve their conditions, while socialists plotted a better world order. Foreign observers were appalled—they wanted Britain’s progress without its poverty. Why did the possibilities for a better life take so long to reach the working population?

The contradictions of the Industrial Revolution were intrinsic to its dynamics. The term itself is misleading in that it suggests a dramatic rupture with what came before—and that was certainly Toynbee’s intention when he popularized the phrase in his Lectures on the Industrial Revolution of the Eighteenth Century in England (1884)—but historians now recognize that the Industrial Revolution was the culmination of two centuries of economic evolution. Following Columbus’ voyage to the Caribbean in 1492, Europeans colonized the Americas, and the Atlantic economy boomed. England was particularly successful in this endeavour and established colonies along the east coast of the future USA and in the Caribbean. The Atlantic economy was a great market for English goods, and the handicraft sector grew in consequence—employing as much as a third of the workforce on the eve of the Industrial Revolution. This great increase in employment led to an agricultural revolution that fed the manufacturing population; an energy revolution as coal was exploited to heat the growing cities; and to wage levels that exceeded those in most other countries. High wages and cheap energy made it profitable to invent techniques that increased the use of capital and energy relative to labour—the power-driven machinery that raised productivity. These techniques were not profitable to use in France, Egypt, or India, so they were invented in Britain rather than elsewhere. This is why the Industrial Revolution was British.

The economy of the Industrial Revolution was unstable, however. As the machines were invented, they out-competed the handicraft sector whose large size had been responsible for the high wages that made labour-saving machines profitable in the first place. The adoption of machinery led to massive technological unemployment in one handicraft trade after another. The growth of the handicraft sector in the 17th and 18th centuries, thus, contained the seeds of its own destruction. The genius of capitalism consists as much in destroying the old production systems as it does in creating the new. The process is one that Schumpeter described as a ‘perennial gale of creative destruction’. The gale blew strongly in the Industrial Revolution producing poverty at the same time as it brought progress.

There were great gainers as well as great losers in the Industrial Revolution, and their aspirations and predicaments influenced social and political life generally. Most agricultural land was owned by perhaps 15,000 families, and members of this group dominated parliament and held most of the high political offices throughout the Industrial Revolution.

While the landowners claimed to act in the national interest, they often advanced their own at the expense of other groups—a notable example being the Corn Laws of 1815, which aimed to keep the price of wheat high in Britain by excluding cheap imported grain. Mass mobilization to extend the franchise and increase the representation of cities in parliament led to the Reform Act of 1832, which gave the vote to many in the middle class but not to the workers of the country. The Chartist movement in the 1830s and 1840s sought universal male suffrage, but these petitions were always rejected. The upper classes regarded democracy as a threat to their property and power so long as wages were stagnant and poverty was a source of discontent. It was only in the mid-19th century that machine production finally liquidated the hand trades. After that, wages started to rise as high productivity jobs were created faster than low productivity jobs were destroyed. The Industrial Revolution was finished, and, in 1867, the upper strata of the working class at last got the vote.

Reinforcing revolutions

One reason that the Industrial Revolution led to a continuous process of economic growth is that it involved a set of revolutions that reinforced each other. Some of these revolutions, in fact, started before the Industrial Revolution—therefore, the Industrial Revolution was the result of economic change as well as the cause of it.

Technological change is the motor that powers economic growth, and a technological revolution was at the heart of the Industrial Revolution. A schoolboy famously wrote: ‘About 1760 a wave of gadgets swept over England.’ The most celebrated gadgets were in the iron and cotton industries, and in power generation. Abraham Darby’s successful smelting of pig iron with coke rather than charcoal, the traditional fuel, in 1709 initiated the changes in the iron industry. Huntsman revolutionized the production of steel with the crucible process in the 1740s; and Henry Cort did the same for wrought iron manufacture with the puddling and rolling processes in the 1780s. Cotton had always been spun by hand on wheels or with a distaff and spindle until James Hargreaves invented the spinning jenny in the 1760s; Richard Arkwright, the water frame in the 1770s; and Samuel Crompton, the mule ten years later.

Factory spinning was soon followed by the invention of power weaving by Edmund Cartwright around 1785, which took decades to perfect. Finally, power technology was shifted from traditional or organic sources (e.g. wood and charcoal, wind, water, and animals) to coal, with the invention of the steam engine by Thomas Newcomen in the early 1700s and its improvement by James Watt in the 1760s. These technologies were further perfected over the next century and a half, and breakthroughs were extended to other sectors like transportation, with the invention of the railway in the 1830s and the steamship. By the mid-19th century, mechanization was spreading across most of British industry. The continual revolutionizing of the mode of production and transportation is the greatest legacy of the Industrial Revolution.

A demographic revolution accompanied the technological changes. The population of Great Britain was constant at about 6.5 million between 1650 and 1750 after which it started to grow, reaching 10.5 million in 1800; 20.8 in 1850; 37 in 1900; and 50 million in 1950. Since then the rate of natural increase has been very low. The relationship between population growth and economic variables like industrialization, incomes, urbanization, and education has been the subject of research and debate since Malthus’ seminal Essay on the Principle of Population (1798).

An urban revolution also occurred, but it started before the Industrial Revolution. In 1500 only 7 per cent of the English population lived in towns and cities of 5,000 people or more. By 1750 that fraction increased to 23 per cent—and it kept growing as the population expanded, reaching 50 per cent in 1850; and 75 per cent in 1910. London grew from small beginnings to become the largest city in Europe. The capital’s population increased from 50,000 in 1500 to 200,000 in 1600; to 500,000 in 1700; and, finally, to one million in 1800.

An agricultural revolution was needed to feed the rapidly growing cities, and this began in the 17th century as grain yields rose, cows and sheep gave more milk and wool, and animals were reared to greater weights. The improvements were due to better seed selection, improved soil preparation (in part due to better equipment), selective breeding, and new crop rotations including fodder crops like turnips and clover. At the same time as farming practice was getting better, the common fields and pastures were being enclosed and small family farms were being combined into large ‘capital’ farms operated with hired labour. A long-standing view was that the enclosures and large farms were responsible for the improvements in practice and productivity, but that claim has been repeatedly called into question. Farm output continued to expand during the Industrial Revolution, but Britain became more and more dependent on imported food, as rising demand outstripped domestic supply.

Rising imports highlights another feature of Britain’s transformation—a commercial revolution. Exports and imports became increasingly important relative to national income. This development also began early—by the end of the 16th century. In the 17th century, England exported increasing volumes of wool textiles, iron goods, and other manufactured items, while it imported ever more spices, sugar, tobacco, and tropical produce.

Once the Industrial Revolution got underway, exports of manufactured goods soared, while Britain imported raw cotton to spin into yarn and food to feed the growing workforce.

Transportation revolutions underpinned the growth in trade. In the 17th and 18th centuries, better sailing vessels cut ocean freight rates. In the 18th century, inland shipping costs fell as a canal system was built and roads were improved. Travel times were cut as vehicles went faster. After 1830, the railway further reduced overland transport costs, and steam ships eventually did the same for the seas. A world economy arose, and globalization promoted the industrialization of Britain, as it de-industrialized the Third World.

Economic growth required the construction of cities, factories, and transportation facilities, and the growth in commerce required an expansion of trade credit. These needs were met through a financial revolution. In the late 17th century, legal changes created the modern mortgage, so that land could be used as security to raise long term loans. English agricultural estates were mortgaged and the proceeds paid for the construction of cities. The public finances were reordered in the 1690s with the establishment of the Bank of England and the refunding of the national debt. Private banks developed in London that mainly financed international trade. The manufacturing firms of the Industrial Revolution started as small partnerships, and their factories were financed with the funds of the proprietors. As businesses came to outlive their owners, the corporate form of organization was permitted in manufacturing in the middle of the 19th century.

The macro picture

The upshot of these interlocking revolutions was a long run increase in GDP (gross domestic product = total output = the total income of Britain). In the last half century, there has been a concerted effort by economists and historians to measure this increase as well as the increases in the factors of production (land, labour, and capital) that were associated with it. Figure 2 shows real GDP per worker from 1770 to 1910. Output per worker doubled between 1770 and 1850, as GDP grew at just under 2 per cent per year. That is not much compared to recent growth miracles where GDP has leaped up as much as 10 per cent per annum, but progress is always slower for the leading economy that is pushing the world technology frontier forward than it is for a late developer that can copy the high productivity technology used in the advanced economies. This was particularly true for the first industrializer.
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Analysis of the GDP data shows that one reason that GDP per worker grew during the Industrial Revolution was capital accumulation: British workers had more machinery to work with at the end of the period than at the beginning. However, capital accumulation made only a small contribution to the growth in labour productivity. The biggest source of growth was technical progress—that is, the machinery and the organization of production were more efficient in the middle of the 19th century than they had been a century earlier.

Why was that? One approach has been to parcel out the growth in aggregate productivity to the various industries and sectors of the economy. Was the Industrial Revolution a uniform advance on all fronts or was progress confined to a few revolutionized industries? This is a precarious exercise given the poor quality of the data, but progress looks far from uniform. Between 1780 and 1860, the ‘revolutionized’ industries (principally textiles) accounted for 31 per cent of the growth in productivity; transport improvements (canals and ocean shipping) accounted for 18 per cent; and agriculture (perhaps surprisingly since this was an industrial revolution), for 29 per cent. That leaves only 15 per cent to be explained by advances in the rest of the economy. Many industries realized no productivity growth including those making flour, bread, beer, naval ships of the line, coal mining, and wood products like lath and wainscot. Others such as those making iron, shoes, stockings, paper, glass, nails, and steam and water power achieved substantial productivity growth.

Candle making is not usually given any attention in accounts of the Industrial Revolution, but it was, in fact, revolutionized. Productivity was static until the Napoleonic Wars, and then it doubled in a generation, growing at 2 per cent per year, which was even faster than productivity growth in cotton textiles. The production process in the 1840s was very different from the hand processes of earlier centuries. Candles were produced in moulds arranged in huge racks controlled by a single operator. Even the process of making dipped candles had become highly mechanized, so that a worker could produce great volumes. The mechanization of production raised productivity in candles as it did in cotton.

Gainers and losers

The Industrial Revolution led to a doubling of income per head in Britain between 1770 and 1870. Not everyone, however, shared in that advance. A big divide was between workers, on the one hand, and the middle and upper classes on the other. The division is highlighted in Figure 2, which plots the average real wage as well as real output per worker. While the latter doubled during the century of the Industrial Revolution, the former only increased by 50 per cent. Moreover, the rise in the real wage occurred at the end of the period. From 1770 to 1830 there was no discernible rise in the average real wage, and only a 5 per cent increase in the 1830s. It was only after about 1840 that the average worker began to participate in the progress of the Industrial Revolution.

Moreover, when we examine this question more closely in Chapter 4, we will see that the average real wage obscures as much as it reveals. Some workers experienced rising real incomes, while others, particularly those in the handicraft trades that were the basis of prosperity in the 18th century, had falling incomes as they faced competition from mechanized production. Poverty was the companion of prosperity.

Explaining the Industrial Revolution

Why did the Industrial Revolution happen in Britain rather than in France, the Netherlands, India, or China? There are many long–standing explanations that highlight background factors that played a part.

One influential theory attributes the Industrial Revolution to the rise of capitalism. According to Karl Marx, who stressed this explanation, capitalism was the only economic system in which incentives led to economic growth. In previous systems, redistributing income, rather than creating new income, was the surest way for people to improve their standard of living. Marx conceived of capitalism as a system with many competitive firms. Each firm had to increase its productivity or it would be driven out of business by competitors who would do so. The result was a high rate of capital accumulation and technological change. The secret to explaining growth was, therefore, explaining the rise of capitalism. Marx thought two channels were important. The first was the reorganization of rural society, so that feudal lords and peasant farmers operating in the open fields were replaced by landless labourers and large-scale ‘capital’ farms. While rural society did evolve in this way, it turns out that capitalist agriculture was not much more productive than the peasant agriculture which it replaced. On the other hand, ‘the historical process of divorcing the producer from the means of production’, that is, depriving the peasants of land, implements, and livestock so they had to become employees in order to survive, may have increased their readiness to take up handicraft production and migrate to cities to find work.

Marx also—and in this he has been joined by many other thinkers—stressed the importance of globalization in transforming the English economy. Inter-continental maritime trade increased gradually after the voyages of discovery of Columbus and Vasco da Gama at the end of the 15th century. Permanent settlements and colonies soon followed.

Europe’s overseas expansion was accomplished by states competing for hegemony, and each used imperialism and trade policy to expand its wealth at the expense of its competitors (as well as the indigenous populations). Countries aimed to secure as much as possible of their colonies’ trade for their own nationals through ‘mercantilist’ policies that excluded foreigners. When tariffs failed, war was an acceptable alternative. In this world, a country could succeed only through aggressive imperialism, and England proved to have one of the most growth promoting empires in Europe.

Slavery was a central feature of the global economy. Sugar, tobacco, and cotton were grown in the Caribbean and USA on plantations operated by slaves. These trades were substantial and lucrative, and the raw cotton imported by Britain from the USA after 1800 was the essential raw material of the Industrial Revolution. Many believe that the slave system was the foundation of the Industrial Revolution, and, in particular, that profits from slavery financed the accumulation of capital in Britain. But while there were case-by-case connections, profits from slavery in total were not substantial enough to explain the rise in investment that took place during the Industrial Revolution.

England’s political and legal systems have been invoked by thinkers since Adam Smith as the key to explaining the Industrial Revolution. After the Norman Conquest in 1066, England had the most centralized feudal system in Europe. The nobles had considerable power both in parliament and on the battlefield, and they forced King John, for instance, to grant the Magna Carta in 1215. Disputes between Crown and Parliament in the 17th century resulted in the Civil War between the two, the execution of Charles I in 1649, Oliver Cromwell’s commonwealth, and eventually the restoration of Charles II in 1660.

Parliamentary supremacy was definitively secured with the Glorious Revolution of 1688, when James II fled the country, and parliament gave the Crown to William and Mary. This victory by parliament is supposed to have checked the arbitrary exercise of power by the Crown, secured the rights of private property, limited taxation, and thereby created a favourable climate for investment. The Industrial Revolution was the inevitable result.

In the 18th century, Britain had a parliament controlled by large landowners, and it did pass many acts that provided for road improvements, the construction of canals, and the reorganization of agriculture. The new infrastructure probably boosted the economy.

Taxation, however, was high—not low—and the proceeds were used to fund the army and the Royal Navy, which secured Britain its colonial empire. The empire contributed to the Industrial Revolution, but not by strengthening the legal system as the enthusiasts for 1688 maintain. One reason was that Britain already had an effective legal system before 1688, and it underpinned the huge economic expansion that had taken place in the 16th and 17th centuries.

Some social scientists have argued that the cause of economic growth was the spread of a rationalistic culture that emphasized discipline and hard work. Max Weber linked this to Protestantism and the Reformation. Many English were Puritan Calvinists of the sort that Weber thought exemplified the Protestant Ethic, and the Scottish Presbyterian Church was even more avowedly Calvinist. However, English Puritanism was discredited in the Civil War as lower class radicals and democrats claimed divine inspiration for their demands. The upper classes shifted their religious stance toward Deism in the 18th century. This view imagines God as a retired engineer, who set the universe in motion according to Newton’s laws and who has never subsequently intervened—either to cause miracles or to promote democratic doctrines.

The Scientific Revolution of the 17th century was, of course, a second source of Deism. Scientific discoveries did underpin some 18th-century technology, notably the steam engine, and may have promoted technological progress more generally by popularizing the scientific method. There was, indeed, much enthusiasm for science and technology among the upper classes. King George III received special tuition in science and had an impressive collection of apparatus for his laboratory exercises. Many of his subjects attended lectures and demonstrations put on in coffee houses. This activity may have made the Brits more sympathetic to technological progress.

It is not clear, however, if commitment to the scientific world view extended very far down the social scale. Belief in witchcraft, for instance, was widespread. In 1682, the brother of Lord Chief Justice North recalled that ‘It is seldom that a poor old wretch is brought to trial’ for witchcraft,

but there is at the heels of her, a popular rage that does little less than demand her to be put to death; and if a judge … declare himself against the impious vulgar opinion, that the devil himself has power to torment and kill innocent children, or that he is pleased to divert himself with the good people’s cheese, butter, pigs, and geese, and the like errors of the ignorant and foolish rabble

then the villagers ‘cry this judge hath no religion, for he doth not believe [in] witches.’ Enthusiasm for science may have been a film floating on a lake of superstition.

Triggering events

While the background factors sustained institutions, practices, and culture that supported technological innovation and business investment, they were not sufficient on their own to explain the Industrial Revolution. Other parts of the world were equally blessed, but they did not have industrial revolutions. Specific triggers were present in Britain that meant the Industrial Revolution happened there. We explore these in Chapters 2 and 3.


Chapter 2

The pre-Industrial Revolution, 1500–1700

Witney is a small market town 15 miles north-west of Oxford. It is far from northern Britain where the Industrial Revolution unfolded, but it nevertheless experienced many of the same changes. Before looking at national and international patterns, we will see what happened in Witney. It illustrates many themes of both the pre-industrial and industrial revolutions.

A cloth industry grew up in Witney during the middle ages based on Cotswold wool, water from the Windrush River for fulling and dying, and good road connections to London via the New Bridge and the Abingdon bridge built in the 15th century. By the early 17th century, Witney was specializing in blankets, the product for which it became famous. The market was international. The highest quality blankets were exported to Spain and Portugal. They were taken by wagon to London where they were shipped overseas.

Poorer quality blankets went to North America. In the 18th century, many were bought by the Hudson Bay Company and sent to Canada where they were swapped for beaver pelts with the native Indians. The Hudson Bay Company remained a major purchaser of Witney blankets into the 19th century. Globalization penetrated and transformed rural Oxfordshire (see Figure 3).
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In the 18th century, the business was organized in the pre-industrial manner. There were sixty to eighty master weavers who owned, on average, three looms each. One they worked themselves, and the others were operated by other family members, apprentices, and journeymen hired for a wage. In 1712 the Witney Blanket Company was chartered. It operated as a traditional guild setting quality standards and regulating apprenticeships. All master weavers were required to be members. In 1721 a Hall was erected and served as the inspection point for blankets as well as for guild meetings. The master weavers subcontracted fulling and dying to other artisans and supplied women in outlying villages with raw wool which they carded and spun. Production fluctuated around 7,000 packs of wool per year.

During the Industrial Revolution, the technology changed and so did the organization of work. Around 1800, the spring loom was introduced. This loom with a flying shuttle could be operated by one man rather than two as was previously required. The spinning jenny was adapted to the coarse wool used for blankets, and the domestic spinners lost their jobs. On the organizational front, the number of master weavers dropped to less than a dozen. In 1838, the largest employer was John Early who employed seventy weavers and owned spinning and fulling machinery. The factory had arrived in Witney.

These changes did not benefit the workforce. Arthur Young, a renowned agricultural improver and commentator on all aspects of economic life, observed that mechanization meant that ‘the masters and the fabric may flourish, but it cannot be contended that the labouring hands do the same.’ The employment of weavers was cut in half. ‘The effect of the introduction of machinery gave … the power of keeping down wages in such a manner as to deprive the poor of any share in, or at least leaving them a very small one in, that prosperity which has pervaded the kingdom.’ Weavers earned nominally the same wage throughout the Industrial Revolution (11 shillings per week), but its purchasing power was much lower in 1830 than it had been in 1770 because consumer prices were 50 per cent higher. Much of the countryside was affected since factory spinning meant that the women were unemployed. William Cobbett wrote,

A part, and perhaps a considerable part, of the decay and misery of this place [Whittington, Gloucestershire] is owing to the use of machinery … in the manufacture of blankets, of which fabric the town of Witney … was the centre, and from which town the wool used to be sent round to, and the yarn, or warp, come back from, all these Cotswold villages, … This work is all now gone, and so the women and girls are a ‘surplus popalashon, mon’.

The decline in employment and real wages did mean that blankets could be profitably woven in Witney, and the industry remained the economic basis of the town for two more centuries. Technical progress continued. The first steam engine was erected for spinning in 1851, and steam power became general after the arrival of the railway in 1861. The power loom was applied to blanket making in 1858, a generation after its application to cotton. Investment in new technology was substantial after the Second World War, but it was not enough to sustain the industry. The successor to John Early’s firm shut down, and the last blanket was woven in Witney in 2002. The 18th-century weavers’ cottages and the blanket hall now comprise the Witney Conservation Area and are much sought after residences.

The rise of northern Europe

The growth of the Witney blanket industry in the 17th and 18th centuries is an example of a broader trend—the shift of manufacturing from the Mediterranean to north-western Europe. In 1500, at the end of the middle ages, Italy and Spain were the most urbanized countries and Europe’s manufacturing power houses. The only comparably developed parts of north Europe were the Low Countries (modern day Belgium and the Netherlands). Otherwise, the continent was largely rural and agricultural. These differences in economic structure are illustrated in Box 1, which divides the population into three sectors—urban, agricultural, and rural non-agricultural.

Box 1 How did globalization transform pre-industrial Europe?
We can see how the economies of European countries were transformed between 1500 and 1750 by dividing people into three categories depending on where they lived and what they did. The categories are ‘urban’ (those living in settlements of more than 5,000 people), ‘agricultural’ (those living outside of urban settlements and farming the land), and ‘rural, non-agriculture’ (those living outside of urban settlements and doing jobs other than farming). Examples of the latter include the village clergy, monks, domestic servants, carters, miners, spinners, weavers, and other craftsmen. The table that follows shows these divisions for the principal European countries following modern boundaries. The percentages add up to 100 per cent for each country in each year. The countries that changed the most were the commercial powers of north-western Europe.
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In 1500, the agricultural population made up three-quarters of the total in England and the large continental countries. (This is the same proportion that one observed in less developed countries like India and China early in the 20th century.) The percentage was lower in Italy, Spain, and the Low Countries. The latter had correspondingly larger urban populations, and that was important since most manufacturing took place in cities. The rural non-agricultural populations comprised a similar fraction of the population (14–19 per cent) in all of the European countries in 1500 and consisted of servants in country houses, priests, workers in transportation, and village craftsmen satisfying local needs.

By the eve of the Industrial Revolution, the centre of handicraft manufacturing in Europe had shifted to the North Sea. The English economy was the most transformed. The agricultural share of the population had dropped to 45 per cent, while the urban share jumped to 23 per cent, and the rural non-agricultural share leaped to 32 per cent—the highest percentage in Europe. Some of the growth in the urban share was due to an expansion in manufacturing (e.g. furniture making and book publishing in London; metal working in Birmingham; and so forth), but much of it was due to the growth of commerce and shipping. The growth of manufacturing was most apparent in the increase in the rural, non-agricultural share. In the 17th century, the wool and linen industries like many others expanded in the countryside. The Witney model was widespread: merchants signed up men and women to spin yarn, weave fabrics, and knit stockings in their homes. The merchant brought the raw material to the workers, collected the finished articles, and paid the spinners and weavers for their effort. These rural industries were geographically concentrated, and their products were sold across Europe and, indeed, around the world. England was a leader in this so-called ‘proto-industrial’ revolution.

The Dutch and the Belgians were not far behind. Indeed, the Dutch economy was the most modern, if not the most transformed, by the end of the 17th century. The Netherlands was the most urbanized and had the smallest share of its population in agriculture. The great question in early modern political economy was how to catch up with the Dutch. The British managed to do that with their Industrial Revolution.

The other countries in Europe were transformed to a much lesser degree. There was a small decline in the agricultural share of the workforce in the big continental countries and a corresponding increase in rural manufacturing, but the cities remained small. These were not the economic leaders.

The economies of Spain and Italy were the least transformed of all. The stasis is somewhat deceptive—the constancy in the Spanish urban share encompasses the huge growth of Madrid and the collapse of the old manufacturing cities. Nonetheless, Italy and Spain had slipped from first to last place in European economic performance.

Success in the global economy

Why were the economies of England and the Low Countries so radically transformed? The background factors highlighted in Chapter 1 made a contribution, but they were not sufficient. Indeed, many of these ‘background factors’ were arguably consequences of the expansion of north-western Europe, so causation is murky. The background factors, if they worked at all, did so by strengthening the responsiveness of the economy to incentives by either improving the ‘climate of investment’, the mobility of labour, or the attitudes of businessmen or by reducing the chance that progress would be swamped by demographic expansion. We can gain further insight into why the Industrial Revolution happened in Britain by analysing the evolution of the economic incentives themselves.

It was the evolution of the international economy and the imperial and military policies of the governments of Europe that created the peculiar incentives that triggered the Industrial Revolution. In the middle ages, pepper, cinnamon, nutmeg, and other spices were exported from India and South-East Asia to Europe via the Middle East. In the 15th century the invention of the square rigged ship allowed Europeans to sail around Africa to Asia. Vasco da Gama reached India in 1498, and his success led to the establishment of a Portuguese empire in Asia and Brazil. Success was short lived, however, for many of these Asian colonies were seized by the Dutch in the 16th century. Some years before Vasco da Gama’s voyage, Christopher Columbus convinced King Ferdinand and Queen Isabella of Spain to fund his attempt to reach Asia by sailing west across the Atlantic, and he reached the Bahamas in 1492. The ‘discovery’ of America (the Grand Banks of Canada had been frequented by European fishermen for centuries) led to a scramble for colonies in which Spain looked the early winner, for the conquest of Mexico and Peru gave it vast quantities of silver. This treasure proved counterproductive for the economy, however, since it led to inflation that rendered Spanish agriculture and manufacturing uncompetitive. By the 17th century, England, France, and other powers were seizing colonies in the Caribbean, where fortunes were made in sugar plantations manned with African slaves. The English also established a string of colonies along the east coast of North America. (See Figure 4.)
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Bengal was conquered by the English East Indies Company in 1757. The Dutch and the French also founded colonies in India, the Caribbean, and North America, but they were defeated by the English who took many of their colonies from them. The English and the French followed ‘mercantilist’ economic policies, and used tariffs and other trade restrictions to secure their colonial markets for themselves. As the English empire expanded, so did the market for English manufactured goods, and this led to the great expansion of rural manufacturing and urban employment shown in Box 1. Witney, as we saw, grew by exporting blankets to Canada.

Some knock-on effects

England’s success in the global economy had important effects beyond the growth of cities and rural manufacturing. These include the agricultural revolution, the coal revolution, the high wage economy, and the expansion of literacy.

There was an agricultural revolution in England in the 17th and early 18th centuries—crucially before the Industrial Revolution: more bushels of grain were reaped per acre; cows gave more milk; and sheep, more wool and mutton. Output per worker also increased. This was the flip side of the declining share of the population in agriculture. In 1500 each person in agriculture supported him- or herself plus about one-third of a person off the farm. By 1750, one agricultural person supported him- or herself plus one and one-fifth in rural industry or the cities. The growth in agricultural labour productivity made it possible for the cities and rural industries to expand.

Causation ran the other way, however. It was long thought that the rise of capitalist agriculture led to an increase in production and a decline in farm employment that induced cities to grow by flooding them with cheap labour and food. In fact, causation began with the growth of Britain’s empire and the mercantilist policies that excluded other countries from trading with its colonies and, instead, focused that trade onto Britain. The growth in trade led to the expansion of the urban and manufacturing economies. As London and the other cities grew, so did the demand for food and labour. Farmers responded by increasing production. As labour was sucked from the countryside, farm sizes were increased and land was converted to pasture, so agriculture could operate with fewer workers. Agriculture was revolutionized by the growth of empire.

The coal revolution was also a direct result of the growth of London. At the end of the middle ages, small amounts of coal were scratched from outcrops on all of the major British and European coal fields. Production did not increase, however, because wood remained relatively inexpensive. When London’s population was only 50,000 in 1500, firewood and charcoal were secured close to the capital and transport costs were modest. As the city’s population exploded in the next two centuries, the demand for fuel ballooned, and supplies travelled a much greater distance—and at much greater cost. The price of charcoal in London rose in the 16th century, pulling up the price of coal as well.

As wood became more expensive, consumers were tempted to use coal instead. Switching was not simple, however, because wood was the cleaner fuel. Coal contained sulphur, which had to be removed in many industrial processes. Sulphur also rendered coal unsatisfactory for residential heating and cooking, which were the major applications. The shift to coal required the invention of new technology to burn it. In the case of residential heating, an entirely new house had to be designed. The medieval house had a hearth in the centre of the main room where a fire was built. Smoke drifted up into the rafters and left the house through a vent in the roof. If coal were substituted for wood, the house would have filled with noxious fumes—if the fire burnt at all. In fact, it would have been difficult to burn coal in an open fire, for coal must be confined in a space with a strong draught to burn well.

The solution was the terraced house with back to back fireplaces venting up through a chimney built into the party wall. It took considerable experimentation in many new houses to work out the design and dimensions of these systems—how did you induce the smoke from the ground floor to rise through the chimney rather than exit through a first-floor fireplace? This experimentation was facilitated by the large-scale house construction in London, as it expanded in the 16th and 17th centuries.

When both fuels were sold in London in the 17th century, coal cost about half the price per unit of energy compared to firewood or charcoal. As London expanded in the 16th century, wood fuel prices rose. By the 1580s they reached a value that was high enough so that coal could be sold in London at a great enough price to cover the cost of mining it in Northumberland and shipping it to London. That is when the coal trade took off.

Once the coal industry was established, northern Britain had access to some of the cheapest energy in the world. In the early 18th century, coal sold in London at about 11 pence per million British thermal units (MBTUs), a unit of heat energy. The price of energy from peat was similar in Amsterdam, where British coal was also sold. Energy was much more expensive elsewhere. It cost 19 pence in Paris and 20 in Beijing. In Newcastle upon Tyne and other northern cities, on the other hand, energy only cost 1.5 pence per million MBTUs. The Industrial Revolution happened in those cities rather than in London. As it happens, the coal mines were also close to iron ore deposits, and that conjunction of resources led to the modern iron industry. The steam engine was developed to drain coal mines, and the first railed ways were constructed in collieries to bring out the coal. The early development of Britain’s coal resources underpinned an essential trajectory of technological advance.

Wages and living standards

The growth of cities, manufacturing, and commerce also had a profound impact on the British labour market. Figure 5 charts the course of real wages and population in England from the middle ages through the 18th century.
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5. Population and the real wage in England, 1300–1750.



The period divides neatly in two. In the first phase from 1300 to 1600 the economy was mainly agricultural. This period was marked by Malthusian stagnation. When the population fell as it did in 1348/9 due to the Black Death, real wages increased in response to the scarcity of labour. When the population then rebounded as it did between 1500 and 1600, real wages dropped as labour was employed in lower and lower productivity tasks. There was no cumulative progress—only a cycle around bare subsistence. This pattern is typical of many pre-industrial economies.

After 1600, however, this pattern was broken—and that is the critical point. From 1600 to 1750, the British population grew steadily and so did the real wage. With the labour supply growing in these centuries, the wage could rise only if the demand for labour increased faster than the population. The demand for labour was growing due to the growth in cities and manufacturing, which, in turn, was due to Britain’s growing commercial empire. Britain’s pre-industrial economic growth led to rising real wages in Britain.

After 1600, British living standards began to pull ahead of those in the rest of the world. We can follow this development by comparing annual labour earnings to the cost of living, which is measured as the annual cost of a basket of consumer goods. Two examples are shown in Box 2.

Box 2 How do we measure the standard of living?
We measure the standard of living as the annual income of a family divided by the cost of maintaining the family at a consumption level we set with a budget. Annual income either comes from a social table (see Boxes 5 and 6) or is estimated from a daily wage rate by assuming the person worked 250 days per year. Budgets defining the standard of living have been standardized. The ‘respectability basket’ and the ‘bare bones subsistence basket’ are shown here:
		Basket

		Respectability: quantity per person per year
	Bare bones subsistence: quantity per person per year

	Oatmeal/grain
		170 kg

	Bread
	182 kg
	
	Beans/peas
	34 kg
	20 kg

	Meat
	26 kg
	5 kg

	Butter/oil
	5.2 kg
	3 kg

	Cheese
	5.2 kg
	
	Eggs
	5.2 kg
	
	Beer
	182 litres
	
	Soap
	2.6 kg
	1.3 kg

	Linen/cotton
	5 metres
	3 metres

	Candles
	2.6 kg
	1.3 kg

	Lamp oil
	2.6 litres
	1.3 lires

	Fuel
	5.0 MBTU
	2.0 MBTU


The ‘respectability basket’ describes the consumption pattern of a respectable labourer in southern England in the 18th century. The ‘bare bones subsistence basket’ defines an austere standard of living that is the minimum needed for survival. The cheapest available grain is used in the calculation (for instance, oatmeal in Britain and maize in northern Italy), so bare bones subsistence baskets can be used to compare living standards around the globe. In both baskets the calorie level is set at 2,100 calories per day, and the quantity of grain is adjusted to ensure that outcome.

The table shows the yearly consumption of one person. Usually a family of four is assumed to have consumed four of these baskets, and the cost of those baskets is increased by 5 per cent to allow for rent when computing the family’s annual cost of living. In this book when we refer to the cost of the basket, we mean the cost of the items in the table plus the rent allowance.
The ratio of the family’s annual income to the cost of four baskets including the rent allowance is our measure of the standard of living. It indicates the number of baskets that the family can consume in a year. In practice, if they have a high income, they will upgrade their consumption pattern rather than spend all their money on the basic goods in the basket.


In both baskets, the calorie consumption of the average person (averaging over men, women, and children) is set at 2,100 per day. The subsistence basket is typical of very poor people. Most expenditure is on the cheapest available grain—oatmeal in the British case—and it supplied most of the calories. The diet contains little meat and no alcohol. Non-food expenditures are low. Baskets like this using wheat flour or rice as the staple cost as much as the World Bank’s famous $1-a-day poverty line.

The respectability basket, on the other hand, is what labourers in southern England aspired to. White bread replaced oatmeal, and there was meat and beer. The respectability basket cost at least twice as much as the subsistence basket.

Could a labourer buy enough of these baskets to support his family? We answer that question by dividing the earnings of a labourer, assumed to work full time, full year, by the annual cost of four baskets on the assumption that a family consisted of a father, mother, and two children. This ‘subsistence ratio’ is our measure of the real wage. A value of one indicates that a man earned just enough to keep his family at subsistence. Higher values indicate greater prosperity, while values less than one indicate crisis.

In 1770, a Witney weaver earned enough to buy almost three subsistence baskets, and, indeed, he earned enough to upgrade his standard of living to the respectability standard. If his wife spun part time, they made almost 50 per cent more than the cost of that basket. (By the 1820s this had all changed, for the wife had lost her spinning job, and the value of the man’s earnings collapsed. They still had enough to buy the subsistence basket, but respectability was beyond their means.)

Figure 6 compares the real wages of labourers in leading European and Asian cities from the middle ages to the Industrial Revolution.
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6. Wages relative to the cost of subsistence around the world.



Real wages were similar across Europe after the Black Death, but then a great divergence emerged. Wages in London and Amsterdam remained high. Workers in those cities could buy several subsistence baskets for their families (although typically they upgraded their spending on food to include more meat, beer, etc.). In contrast real wages fell in Florence and Vienna. By the 18th century labourers there could barely afford one subsistence basket. Workers in Beijing and Delhi received similarly miserable earnings. The difference between these cities was due to international trade. London and Amsterdam were booming ports and wages were very high. The population was growing rapidly as migrants were drawn in from the countryside. The demand for labour grew rapidly enough to sustain the high wage. In contrast, labour demand was static in most of continental Europe and Asia, so population growth drove wages down to subsistence. Britain’s high wage economy had implications for many aspects of life during the early Industrial Revolution. One was consumption. Many fully employed British workers earned several times the subsistence level. They did not respond to this by buying several times the oatmeal shown in Box 2. Instead, they upgraded their consumption to the respectability basket. In addition, British workers purchased more manufactured goods—dishes, pictures, clothing, for instance. There was a consumer revolution in the 18th century, and British workers were in the thick of it.

Health and literacy

Well-being is based on more than just consumption. The United Nations Human Development Index combines income, health, and educational attainment to get a more balanced view. We can likewise broaden the comparisons for the pre-industrial period.

One of our best indicators for health is the height of adults. Since the 17th century, the average height of men has increased from perhaps 160 cm in many European countries to 180 cm in the USA and UK and 184 cm in the Netherlands. The increase in height is attributed to an improvement in the ‘net nutritional status’ of children, who do the growing. Net nutritional status equals the food intake of the child, which contributes to growth, less the nutrition that is needed for work, or to fight off and recover from illnesses. In the late 18th century, Britain was leading this upward advance.

According to military recruitment records, British men achieved an average height of 172 cm. In contrast, the average height of Italians dropped from 167 cm to 162 cm as their real incomes fell, and maize flour replaced wheat in their diets.

High wages also contributed to economic growth by increasing the skills and knowledge of the workforce. It is difficult to measure school attendance in the past consistently and comprehensively, but we make a stab at measuring literacy by studying the proportion of people who could sign their name to documents rather than simply make a mark. Box 3 summarizes the results of this indicator.

Box 3 How educated were Europeans?
There are no comprehensive statistics on schooling in pre-industrial Europe, but we can glean some information about educational attainment by counting how many people could sign their names to documents rather than make a mark. Many more people could sign in cities than in the countryside. Literacy was very low at the end of the middle ages and increased substantially by 1800. By the Industrial Revolution, it was common for boys to have a few years of education in a village school and then to learn a trade through an apprenticeship.
Many girls also received some schooling, but literacy was higher for men than for women. The averages that follow include both men and women:
	Percentage of adult population that could sign its name

		1500
	1800

	England
	6
	53

	Netherlands
	10
	68

	Belgium
	10
	49

	Germany
	6
	35

	France
	7
	37

	Austria/Hungary
	6
	21

	Poland
	6
	21

	Italy
	9
	22

	Spain
	9
	20


Source: Robert C. Allen, The British Industrial Revolution in Global Perspective, 2009, p. 53.


In 1500, literacy was low across Europe. Only in the cities could many people sign their name. By 1800 literacy had increased everywhere. The increases were greatest in north-western Europe. About two-thirds of the Dutch and half of the people in England and present day Belgium could sign their names. These regions were also leading in numeracy to judge by the precision with which people stated their ages. There are probably two reasons for this competence. First, England and the Low Countries were urbanized, commercial economies. It paid to be able to read and write in that environment (unlike on the farm), so there was a high demand for schooling in these countries. Second, schooling was not provided free by the state; it had to be acquired privately. Wages were high in north-western Europe, so parents had the financial means to educate their children.


Chapter 3

Why the Industrial Revolution was British

The Industrial Revolution was Britain’s path breaking response to the challenges of the first globalization launched by the voyages of Vasco da Gama and Christopher Columbus.

There were several connections. First, the growth in world trade brought new products to Britain including Chinese porcelain and Indian cotton cloth. They were in high demand, and British firms sought to imitate them. Second, the growth in trade and empire opened new markets for British products, and the ensuing expansion of production and commerce generated unusually high wages and cheap energy. How to compete in that environment was the overriding engineering challenge that British industry so creatively met. Third, the commercial expansion and the rise in wages aided British industry in meeting the challenge of foreign competition by improving the health and strength of the workforce and by raising the returns to education and skill. The result was a rise in literacy, numeracy, and trade skills that underpinned the manufacturing sector.

The Industrial Revolution also drew strength from another source that had little to do with globalization—the Scientific Revolution of the 17th century. It contributed both new knowledge—in particular, the discovery of atmospheric pressure and the vacuum—and new attitudes and practices. People came to study the world, including technology, ‘scientifically’, and that approach brought rewards in the realm of invention. Breakthroughs were due to ‘macro inventors’, who thought outside of the box and created wholly novel technologies. The macro inventors were often leading scientists or were influenced and informed by them as students, associates, or friends. Many people were connected to the scientific vanguard through networks that diffused the knowledge and attitudes of the Enlightenment across a broad swath of British society, making it more technologically creative. The Royal Society, founded in 1660, was at the apex of this network, which also included provincial associations like Birmingham’s Lunar Society as well as a myriad of coffee houses and similar venues where scientific demonstrations were performed. These communication channels, as well as the widely held belief that technology could be advanced by observation and reason, is referred to as the ‘Industrial Enlightenment’. The formation of those networks and the adoption of those attitudes could, of course, have been responses to an increase in the profitability of invention, but proponents of the Industrial Enlightenment view of the Industrial Revolution see it as a cultural development whose origin lay in the Scientific Revolution and the broader Enlightenment rather than in economics.

Cotton

The cotton industry is a prime example of the transformative effect of Asian imports on the British economy. In the 17th century, the East India Company began shipping Indian calicos and muslins to England, and the fabrics were so popular that attempts were made to imitate them domestically. In the early 18th century, complicated and shifting import restrictions were introduced to protect the English woollen industry from Indian competition. These restrictions had the unintended consequence of creating a sheltered niche in which an English handicraft cotton industry could begin to operate. Its cloth was exported to Africa where it was bartered for slaves and competed against Indian calicos. English production remained small scale, however, until the production process was mechanized.

This got underway in the 1760s in spinning and printing but was not completed until the 1840s when the power loom drove the handloom out of business. By 1850, cotton employed one-sixth of the manufacturing workforce and accounted directly for 8 per cent of GDP. Eric Hobsbawm caught an important truth when he wrote ‘whoever says industrial revolution says cotton’.

While the Industrial Enlightenment was present in the potteries and in the development of steam power, it was peripheral to the cotton industry, for the inventors in cotton were principally artisans without Enlightenment connections. Samuel Crompton (1753–1827), the inventor of mule spinning, was the son of a part-time farmer and weaver. While a youth, he was taught spinning and weaving. He attended school where he excelled in mathematics. This was typical of textile inventors and attests to the importance of widespread education. From the age of 16 he worked in secret for a decade to improve spinning machines. Apart from the textile trade, his activities were centred around the New Jerusalem Church, a Swedenborg congregation, rather than Enlightenment institutions.

Machinery was the secret of success in the cotton trade. It was developed in Britain in response to the country’s high wages and gave Britain a competitive advantage for decades. The three main branches of the trade—spinning, weaving, and finishing—were all mechanized.

Once calico imports from India proved there was a market for cotton, hand spinning was begun. Merchants brought raw cotton to women who spun it on wheels in their cottages in return for wages (see Figure 7).
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7. Irish cottage with handloom weaver and spinner.



The hours of labour to spin a pound (lb) of cotton increased with the fineness of the yarn. Wages were much higher in Britain than in India with the result that Britain could compete successfully with India only in the coarsest yarns, which required the least labour. To produce finer yarn, British firms needed to economize on labour, and that could only be done by inventing machines.

Many Britons responded to the chance to make a profit by trying to invent spinning machines. John Wyatt and Lewis Paul almost succeeded with roller spinning in the 1740s and 1750s, but their Birmingham mill ultimately went bust. James Hargreaves perfected his jenny in the mid-1760s, and it was the first successful machine. He was inspired by watching a spinning wheel rotate after it had fallen on its side. Afterwards, he contrived to run a row of vertical spindles off a common horizontal wheel using wooden clamps to pull the yarn in imitation of the spinner’s fingers. In 1767, Richard Arkwright hired John Kay, a clockmaker, to make a machine using rollers, which took five years to perfect. Both Hargreaves and Arkwright also invented carding machines to prepare the cotton for spinning. Arkwright established a factory at Cromford to house his machines (see Figure 8).

[image: ]
8. Factory spinning.



He improved the layout when he built his second mill, and it became the prototype for cotton mills in Europe and the USA. A decade later, Crompton combined elements from Hargreaves’ and Arkwright’s designs to create the mule, which became the principal spinning machine in Britain in the 19th century. Once in operation, of course, the spinning machines were improved through ‘learning by doing’ as engineers observed their operation and perfected them. Hargreaves’ and Arkwright’s machinery made Britain the world’s low cost producer of coarse yarn, and the mule made Britain the low cost producer of fine yarn as well.

A much debated question is why these inventions were made in England rather than in France or India. An economic explanation turns on wages and machinery prices. The first spinning machines were an expensive way to save labour and not very good at it. In the late 18th century, spinners’ wages were much lower relative to the price of equipment in both France and India than they were in Britain. The early spinning machines were profitable to use in Britain because the value of the labour they saved was high relative to the cost of the machine. They were not worth using on the continent or in India since the value of the labour they saved was very small relative to the cost of the equipment. Early spinning machines were profitable to use in Britain but not abroad, and that is why the Industrial Revolution was British.

History repeated itself in weaving. Hundreds of spinning mills were erected in the 1780s. The price of cotton yarn dropped sharply, and the weaving industry expanded to process all the yarn. Weaving, however, remained a cottage industry using traditional handlooms. Employment exploded, reaching a quarter million (10 per cent of the adult male workforce) in the early 19th century. As the labour market tightened, the wages of the weavers also leaped up, and the 1790s and first decades of the 19th century witnessed ‘the golden age of the handloom weaver’. The Reverend Edmund Cartwright, the only cotton inventor with arguably Enlightenment connections—he came from a landed family, attended Magdalen College, Oxford, and was a member of the Society of Arts and the Board of Agriculture—thought it would be simple to design a weaving machine. He was inspired by automatons—the clockwork dolls that mimicked the movements of humans. If a mechanical woman could play a harpsichord, perhaps she could also weave calico? The task proved to be immensely complex. Cartwright wasted his family’s fortune working on it for decades, and other inventors took up the challenge. It was not until the 1820s that the power loom was improved sufficiently to challenge the handloom weavers.

In both spinning and weaving, the cottage mode of production contained the seeds of its own destruction. When the cost and demand situation was favourable, the cottage mode responded with large increases in employment and output. As employment approached the limits of the available labour force, the earnings of people with the necessary skills rose, and those high wages became the target of inventors, for the high wages meant that even comparatively poorly designed machines could turn a profit.

Weaving was not the final stage in the manufacture of cloth. It had to be finished.

Much of the enthusiasm for Indian calicos in the 18th century stemmed from the brightly coloured designs that decorated the cloth. The English imitated the look with different methods. Indian cloth was usually hand painted, while the English used a more capital intensive approach. Initially patterns were printed from wood blocks with the result that ‘the drawing of one clever designer could be reproduced by many less skilled workmen, whereas the Indian must both design and execute his own work’. By the 1760s, copper plates had replaced the wooden blocks, but the latter were still general on the continent.

Numerous attempts were made to make the process continuous by printing from cylinders. Commercial success was achieved in 1783 with Thomas Bell’s design.

The course of invention in all branches of the industry responded to the high wages earned by British workers in the 18th century. Wherever possible, the British opted for a more capital intensive method than the Indians employed. In Britain, the savings in labour costs outweighed the increase in capital costs since wages were high. That was not true in other countries with lower wages. As a result, machine technology cut production costs in Britain without conferring the same advantage on its competitors. The upshot was that by the 19th century, Britain had the most competitive cotton industry in the world.

Britain’s share of world cotton textile production rose from a negligible fraction in 1750 to 30 per cent in 1880. Much of this expansion was at the expense of producers in Africa, the Middle East, and India.

The invention of the factory

Textile machinery was housed in mills, and cotton mills were the most common type of factory in Britain in the 1780s. Factories were hallmarks of the new age, for they implied many wage labourers working together on a single site rather than self-employed artisans toiling in their separate cottages. A centralized power source driving the machinery was one reason why production was concentrated, but it was not the only one. The division of labour, skill acquisition, supervision, and quality control were other considerations. The growth of the cotton industry gave a big boost to the factory, and the factory mode of production was adopted in many other industries as well, so it deserves a further look.

Making hats was an unglamorous industry that nonetheless achieved a high rate of productivity growth. This was achieved with the factory mode of production.

The Christy hat factory in Bermondsey in the early 1840s is a good illustration. The factory employed 1,500 people and was the largest hat factory in the world. This establishment ‘well illustrates the economy of a large factory’ in two respects. The first was effective organization—‘the concentration of many departments within the walls of one establishment, the division of labour, the exercise of delegated authority by foremen to each department, and a general supervision of the whole by the proprietors’. The second source of high productivity was the use of machinery. The factory had a 10 horsepower (HP) steam engine that drove machines located around the site via a system of shafts and belts. Some tasks had been mechanized while others were done by hand and relied on the skill of the workers.

When wool entered the factory, it was washed—apparently by hand. Water was expelled, however, from the wool with a large screw press. The wool was dried and then it was carded with the kind of machine used in the textile industry. Likewise, furs were washed and their large hairs were removed. This was a hand operation.

A number of women, seated on stools, are employed in pulling out the coarse outer hairs from the skins … Each woman lays a pelt on her lap, or on a low bench, and, by means of a knife acting against the thumb, tears out the larger hairs.

Next, the fur was removed from the pelts, again by women, but now operating power driven cutting machines that sliced off the hairs. The fine hair was separated from the coarse hair with a centrally powered blowing machine. A fan turned at 2,000 revolutions per minute, and the air blast carried the lighter fur further than the heavier fur, thus effecting the separation. The next step, in which wool and fur were turned into felt, depended on highly skilled labour rather than machinery. The materials were laid on the bench,

and the bower, grasping the staff of the bow with his left hand, and plucking the cord with his right … causes the cord to vibrate rapidly against the wool and fur. … All the original clots or assemblages of filaments are perfectly opened and dilated, and the fibres, flying upwards when struck, are by the dexterity of the workman made to fall in nearly equable thickness on the bench, presenting a very light and soft layer of material

ready for felting. ‘Simple as this operation appears to a stranger, years of practice are required for the attainment of proficiency in it.’ The production process continued to alternate between highly skilled hand activities, less skilled activities, and machine processes until the hats were completed.

The Bermondsey factory illustrates the subdivision of production into a sequence of tasks requiring different degrees of skill, which were acquired through experience, and which were remunerated at different rates. Quality was checked by supervisors, and machinery was installed where a high capital labour ratio lowered costs. We know that the degree of mechanization was carefully thought out. In the 1830s, wages in the USA were already higher than in the UK, and American hat manufacturers had invented a more highly mechanized system than Christy’s employed. Although Henry Christy was familiar with American technology from 1833 at the latest, his firm did not adopt the full-blown American system until the 1860s, in part, as he explained, because ‘the rate of labour is much greater and the savings consequently greater’ in the USA than in the UK.

Steam

Energy in the pre-industrial world came from the exertions of humans and animals, from burning organic fuels like firewood and charcoal, and from the power of wind and flowing water. Modern economic growth required more potent sources and the first to be harnessed was coal. Initially, it was burnt for heat in London in the late 16th century. In the 18th century, coal’s thermal energy was converted to mechanical power through the steam engine. Pumping water out of mines was the first application. Engines were gradually improved in the next hundred years, but their economic impact was slight until the development of efficient, high pressure engines around the 1830s. These were applied widely to power industry and transportation. By the middle of the 19th century, the revolutionary potential of steam power was realized, and it made a significant contribution to economic growth.

The invention—and perfection—of the steam engine was closely connected to the Scientific Revolution, both in terms of the application of new knowledge and in terms of cultural and institutional connections to the scientific establishment. The wide availability of schools and technical training through apprenticeships were also important since the development of steam technology required many artisans and engineers from modest backgrounds.

The steam engine was an important application of knowledge discovered by 17th-century scientists. The science began with Galileo, who was the first to suspect that the atmosphere had weight. The idea occurred to him when he studied the problem of draining mines, and he noticed that suction pumps would not lift water more than about 30 feet. He got his secretary Evangelista Torricelli to work on this problem. Torricelli invented the mercury barometer and weighed the atmosphere. In 1672, von Guericke of Magdebourg weighed the atmosphere with a vertical cylinder containing a piston rising from the top of a cylinder. A rope was tied to the piston and looped over a pulley and held a platform on which van Guericke put weights. He found that by pumping the air out of the cylinder, the atmosphere pushed the piston down and raised the platform. He could offset that rise and weigh the atmosphere by putting weights on the platform. In 1675, Denis Papin eliminated the vacuum pump by filling the cylinder with steam and then condensing it. Papin had invented a proto-steam engine.

The von Guericke experiment was similar to the first successful steam engine invented by Thomas Newcomen in 1712 (see Figure 9).
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9. Diagram of Newcomen steam engine.



Newcomen’s engine also had a vertical cylinder and piston. Instead of the pulley, there was a balance beam, and the weights were replaced with a pump to drain water from a mine. By filling the cylinder with steam and then condensing it with a squirt of cold water—Newcomen’s famous ‘cold water injection’—the atmosphere pushed the piston down and raised the pump. Newcomen had found a way to raise water—and make money—from the weight of the atmosphere.

At one time, historians of the steam engine thought that Newcomen was wholly innocent of the science of the atmosphere, but in recent years that view has shifted, and it is now recognized that Newcomen probably did know what natural philosophers had discovered. The conduit was Thomas Savery, Fellow of the Royal Society, who knew the science. Savery invented a steam pump and visited Dartmouth to promote it. He probably met Newcomen there. They certainly had at least one friend in common. So it is likely that one of the greatest inventions of the Industrial Revolution really was science in action.

The science underlying the steam engine was pan-European (the leading scientists were Italians, Germans, and French), but the research and development (R&D) was carried out in Britain by an Englishman. The reason is that Britain was the only place where it was profitable to use the engine on a large scale, for two reasons. First, the main use of the engine was to drain mines, and Britain had the largest mining industry in Europe thanks to coal. Second, the engine used prodigious amounts of fuel, and coal mines offered cheap fuel. John Theophilus Desaguliers, a leading engineer in the early 18th century, observed:

where there is no water [for power] to be had, and coals are cheap, the Engine now call’d the Fire Engine, or the Engine to raise the Water by Fire, is the best and most effectual. But it is especially of immense service (so as to be now of general use) in the Coal-Works, where the Power of the Fire is made from the Refuse of the Coals, which would not otherwise be sold.

The reason it was profitable to develop the Newcomen engine in Britain was because there were coal mines to be drained.

Newcomen’s engine was the macro invention that began a technological trajectory.

In the next century and a half, the engine was perfected by many of the most famous engineers of the Industrial Revolution. Consumption of all inputs was reduced including coal, which was cheap in Britain. Fuel consumption dropped from 44 lbs of coal per HP-hour in 1727 to 3 lbs in 1847. This improvement was a triumph for British engineering, although it undermined the country’s competitive advantage by turning the steam engine, which had mainly benefited Britain in the 18th century, into a technology that could be used anywhere in the world. Once the coal consumption was reduced to 3 lbs per HP-hour, the price of coal was of little importance to the commercial application of the engine. British engineers had invented the ‘appropriate technology’ for everyone else.

An intellectual result of the Industrial Revolution was the image of the inventor as an Inspired Genius. This was no accident: middle-class propagandists promoted James Watt as a genius of invention—and, thus, a guarantor of the nation’s prosperity—as a counter to the military genius of the Duke of Wellington, who not only defeated Napoleon but then became the political leader of the landed classes. In fact, invention occurred in many ways besides a genius having a brilliant idea. Much of invention consisted of painstaking engineering that turned often banal ideas into products or processes that worked reliably and cheaply. This was certainly the case in textiles. Thomas Edison’s quip that ‘invention was 1% inspiration and 99% perspiration’ contained an essential truth. ‘Learning by doing’ was also important as engineers and managers observed how machines and production processes worked in practice and found ways to improve them. Sometimes businesses exchanged information (intentionally or otherwise) so that the advances made by one firm could be carried forward by another. The result was collective invention.

The history of the steam engine illustrates the different ways in which invention can be organized, and the importance of both the elite inventors of the Enlightenment and artisan inventors without connections to high level science. The steam engine was invented by Newcomen, a Dartmouth ironmonger, who did secure a patent in conjunction with Thomas Savery, FRS (Fellow of the Royal Society), to realize some gain. Fuel consumption fell from 44 lbs per HP-hour in 1727 to 30 lbs per HP-hour in 1769, probably because of collective invention as operators shared their results and built on each other’s experience.

Consumption dropped again from 30 lbs to 17 lbs. This was the result of research by John Smeaton, FRS. Smeaton collected the records of fifteen engines—their owners did not keep them secret—and analysed them to determine the most efficient design. Smeaton did not patent his findings. He profited from his research through consulting contracts. Smeaton was a leading light in the Industrial Enlightenment.

The next advance was due to James Watt, FRS, whose famous separate condenser cut fuel consumption from 17 to 9 lbs. The first engine with a separate condenser went into service in 1776. Watt was certainly motivated by personal gain and obtained a patent on his condenser in 1769. Watt’s career illustrates the two-fold nature of patents: it provided him with a reward for invention, but it also stifled later progress since he used his patent to prevent other inventors from experimenting with compounding cylinders. Engineering progress was retarded until Watt’s patent expired in 1800.

Watt is also an example of the importance of social connections linking scientists and practical engineers. Watt was born in Greenock and was sent to Glasgow at the age of 18 to learn the trade of mathematical instrument maker. He stayed initially with his mother’s family, and it was through her relative George Muirhead that Watt was introduced to members of Glasgow’s scientific and cultural elite. He became a close friend of Robert Dick, future Professor of Natural Philosophy, and Dr Joseph Black, Professor of Medicine.

After a year’s training as an instrument maker in London, Watt returned to Glasgow in 1757 and was allowed to open a workshop at the university where he made instruments for Joseph Black. Black’s scientific research concerned heat, and he conceived the concept of ‘latent heat’, which he offered to Watt as an explanation for the success of his separate condenser.

Later Black took a chair at Edinburgh and set himself the task of developing the Scottish economy by applying scientific knowledge. He worked with industrial entrepreneurs. Black became a lifelong friend of Watt. Watt raised capital for his business ventures by forming partnerships with Black and other members of Black’s circle like John Roebuck, who also hired him to erect one of his first steam engines at a coal mine in Kinneil. The Scottish scientific-industrial complex is the premier example of the Industrial Enlightenment, and Watt took advantage of its connections to deepen his ideas and further his inventions.

The next advance in steam power was effected by Cornish engineers who designed the famous Cornish pumping engines to drain copper and tin mines. Their goal was to save fuel, which was very expensive since coal was brought from South Wales. The problem was heightened by the expiry of Watt’s patent in 1800, for Watt then withdrew his engineers from Cornwall, and engine efficiency dropped sharply. The mine owners did not want to pay Watt for advice, so they banded together to solve their problems themselves. Details of design and fuel consumption for all engines were ascertained monthly and published in Lean’s Engine Reporter. In that way, engineers could learn from each other’s experience, and Cornish engines were perfected over the next decades. This was collective invention on a grand scale, and it created the most efficient pumping technology ever seen. Patents were not necessary for progress. The engineers who accomplished these improvements did it without Enlightenment connections.

Ceramics

Porcelain is a prime example of the way in which Asian imports stimulated the Industrial Revolution. In the medieval and early modern eras, China had a large porcelain industry that exported exquisite vases, platters, and other goods around the world. Many of these were decorated with blue patterns on a white background, although other colours were also used. Porcelain production was initiated in England in the mid-18th century.

Starting a ceramics industry in a new country at that time was technically difficult since chemistry was in its infancy, which meant that the properties of the local raw materials could not easily be determined nor could the production methods be adapted through routine scientific methods. Knowledge of these matters was tacit and embodied in the artisans in the industry. These challenges were met through a stream of improvements starting in the mid-17th century. After foreign products were successfully imitated, progress was pushed forward by both famous and less well known potters.

The history of ceramics also lends support to the Industrial Enlightenment view that the advance of science gave impetus to technical progress through contacts with leading scientists and (more importantly) through the application of the scientific method to the perfection of manufacturing methods. Indeed, ceramics was one of the first industries in which modern, scientific knowledge replaced the artisan’s tacit understanding.

In the mid-17th century, English ceramic production was in a primitive state. Most domestic production was cheap, locally produced earthenware. High end demand was met with imports of Chinese porcelain, and substantial quantities of salt glazed stoneware were imported from the Rhineland and sold to middle and lower class households.

The first steps towards establishing a British industry were taken by John Dwight (1633–1703), who is an excellent example of the Industrial Enlightenment pushing technology forward. Dwight was the son of a yeoman but had such academic promise that he was admitted to Oxford University where he studied law and chemistry, and worked in Robert Boyle’s laboratory. He took his degree in law, however, and worked as an ecclesiastical official until 1669 when ‘having tryed many experiments he concluded he had the secret of making China Ware. Thereupon he sold his [clerical] Office, came to London, was encouraged therein by Mr Boyl and Dr Hook.’ He tried to manufacture all types of pottery imported into Britain. While he was unsuccessful in producing porcelain, his experiments unlocked the secret of manufacturing salt glazed stoneware. This was no mean achievement since it required the identification of suitable raw materials, the invention of a high temperature furnace, and discovery of the correct method of applying the salt glaze. Dwight patented his process and tried to keep it secret but was unsuccessful as his employees quit and founded competing firms. Dwight was responsible for the establishment of the salt glazed stoneware industry in England.

China exported porcelain across Eurasia, and people in many countries tried to produce it locally. The Ottoman Turks, for instance, made a fritware imitation. In the 15th century, potters in Iznik created a novel process using local materials that featured doubly fired cobalt blue patterns on a white underglaze. In the next two centuries, they expanded the colour range and exported large quantities to the Middle East and Europe. In the 18th century, however, the industry slid into decline without sparking an industrial revolution. In Europe, August the Strong, Elector of Saxony, was an avid porcelain collector and promoted research by Ehrenfried Walther von Tschirnhaus (another example of the Industrial Enlightenment, although a German) and the imprisoned alchemist Johann Friedrich Böttger. In 1708, they succeeded in making true porcelain, Saxon sources of China stone and China clay were discovered, and the Meissen industry was born.

In England, it was another exemplar of the scientific culture, William Cookworthy (1705–80), who finally succeeded in producing hard paste porcelain. He was a successful apothecary. In the 1740s, he discovered deposits of China stone and China clay in Cornwall on land owned by Thomas Pitt, nephew of William Pitt the Elder and later First Baron Camelford. Pitt was not notable for his scientific interests, but he did finance Cookworthy’s patent application and the experimental work to perfect the manufacturing process—presumably to raise the value of the minerals on his estate. Cookworthy had numerous scientific acquaintances including John Smeaton, who lodged in his house while building the Eddystone lighthouse (1756–9) and Captain James Cook and Joseph Banks, who dined with him in 1768.

Josiah Wedgwood (1730–95) was another paradigm of the Industrial Enlightenment, and he took English manufacturing to even higher levels of sophistication. His family were potters, and he was apprenticed to the trade. Nonetheless, he picked up the scientific idea that knowledge was gained though experiments, and he conducted 5,000 to find better materials and processes. He invented a pyrometer to measure temperatures more accurately, which led to his election to the Royal Society. He established a successful manufacturing business and led the industry in introducing new products like Queen’s ware (an improved creamware), basalt ware, and jasper ware. As well as tableware, he produced medallions, ornaments, and vases. He was a great marketeer.

Dwight, Cookworthy, Wedgwood … This looks like the Industrial Enlightenment in action. However, while these lunimaries made decisive contributions to the development of English pottery, they were not alone. The set of inventors was broader in two respects. First, many inventions were made by people with only trades backgrounds and without Enlightenment connections. Wedgwood made his early money selling creamware, which became a staple of the English potteries for a century. Creamware was invented by Enoch Booth in the 1740s. Booth was the son of a butcher and apprenticed to a potter. Booth also invented the double firing process around 1750. He was the first to glaze a pot, fire it, paint a picture on the surface, and then fire the pot again with a clear glaze on the exterior to protect the image. Another inventor from a humble background was Josiah Spode I (his grandfather was a ‘coal getter’) who apprenticed with Thomas Whieldon. Spode perfected under glaze transfer printing in 1784 and developed bone china, a project that was finished by his son Josiah II. The famous inventors like Dwight and Wedgwood worked in an industry made up of independent artisan producers many of whom were making equally valuable contributions to technical progress. Indeed, one might try to subvert the Industrial Enlightenment by reclaiming Wedgwood for the artisans. He was, after all, engaged in his experiments on ceramics when he was only 24 years old and working with Thomas Whieldon. Wedgwood did not read his first paper to the Royal Society until he was 52. From the point of view of the artisans, the Royal Society showed good taste in celebrating one of their leading lights, but the impetus for his discoveries and achievements came from below, not from above.

Second, pottery technology developed through collective learning as well as through the efforts of inspired geniuses and R&D entrepreneurs. While artisans often tried to keep their improvements secret, this proved difficult since employees took the knowledge with them when they left the firm. The result was collective invention despite the efforts to suppress it. Technological progress in ceramics did not depend exclusively on the deeds of leading figures. The pervasiveness of collective invention is a second qualification that must be made to the inspired genius model as applied to the potteries.

It was one thing to design pretty pots, but it was another to make them cheaply.

Innovation in pottery was directed as much towards the latter as the former. England developed methods that differed fundamentally from those used in China. In both countries, technology evolved in the direction of reducing the use of expensive inputs while increasing the use of cheap ones. First, English manufacturers reduced the employment of skilled labour by adapting machinery developed for other industries. Wedgwood, for instance, installed lathes to turn the cylindrical parts of vases. Second, transfer printing was invented. In China artists painted the design on each piece. This was the first system used in England. It was very expensive. Transfer printing cut costs in England by substituting capital for labour. In transfer printing the design was engraved on a copper plate, which was then used to print the pattern on tissue sheets. While the ink was still wet, a sheet was laid on a previously glazed pot to which the ink then adhered, transferring the design to the pot. John Sadler, an English printer, and John Brooks, an Irish engraver, independently invented the process in the 1740s. The ink, however, wore off. The solution was to apply a second layer of glaze over the ink image and fire the pot again. John Wall, a physician and founder of the Worcester Porcelain Company, developed transfer printing with blue ink under glaze in 1757, and John Spode refined the technique, as noted, in 1784. The famous blue-on-white willow pattern, first engraved by Thomas Minton in 1780, was a transfer print (see Figure 10).
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10. Plate decorated in willow pattern.



Third, although capital was substituted for expensive labour in the English potteries, it was not used indiscriminately, as a comparison of English and Chinese kilns shows.

English kilns were built to economize on capital and were profligate in their use of energy. English-style kilns had a coal fire in the bottom. The heat rose, enveloped the pots, and then vented out of the furnace through a hole in the top. Much of the energy was wasted. The English kiln was cheap to build but not thermally efficient. In contrast, the Chinese kilns used lots of capital to preserve energy. They consisted of a series of chambers rising up a hillside. A fire burned at the entrance to the lower chamber where the heat was drawn in to bake the pots. The heat was not vented out of a hole in the top in the English manner. Instead, it was forced down through a hole at floor level and entered the next chamber up the hill. The heat was reused in chamber after chamber, so it was not wasted. This design, of course, equated to more capital. Pottery kilns, therefore, are another example of the way in which technology was designed in response to the cost of capital, fuel, and labour. In this case, expensive fuel in China led to the substitution of capital for energy, in contrast to English practice.

The final avenue by which the English cut costs was in the growth of factory production in the potteries. Wedgwood’s Etruria mill was a leader. It was based on the division of labour, but, unlike cotton weaving mills, the aim was less to substitute unskilled women and children for male artisans, and more to upgrade skills by training people for artistic jobs. In addition, machinery was used, as noted, to raise labour productivity in tasks that could be done by lathes, for instance. Finally, inspection and quality control were obsessions.

The end of the Industrial Revolution

In some accounts, the Industrial Revolution ended around 1830, but in our view it had another generation to run. The progress achieved by 1830 was far from balanced. The cotton industry was very large; spinning was wholly mechanized; and the power loom was forcing the handloom onto the scrap heap of history. The technology of iron production had also been revolutionized, and an engineering industry had developed that supplied machinery mainly to the textile industry. There was some progress outside of these sectors—machinery was used in the production of candles and hats, as we have seen—but much of the economy was as yet untouched.

This situation changed between 1830 and 1870 as modern technology spread across the economy. An important indicator was the growing use of steam. At the beginning of the 19th century, most steam engines were installed in mines for draining. Industry was powered by water. In 1830, steam and water were equally important sources of power with 165,000 HP of each. By 1870, water power had increased to 230,000 HP while steam leaped to 2,060,000 HP. The increased use of steam was due to better fuel efficiency and the development of high pressure engines which were lighter and cheaper than the low pressure engines of Newcomen and Watt.

One advantage of a steam engine was that it was potentially mobile, unlike a water wheel. All early experimenters with high pressure steam tried to power a vehicle, but the results were unsatisfactory due to the poor condition of the roads. One solution was to put the engine on the rails commonly used to bring coal and ore out of mines. Richard Trevithick built the first steam locomotive that hauled minerals on the tramway of the Penydarren Ironworks in Wales in 1804. There was a market for locomotives in colleries, and their designs were gradually improved as engineers tried out alternative configurations and learned from experience. The great turning point was George and Robert Stephenson’s Rocket, which won the Rainhill trials in 1829. They were awarded the locomotive contract for the Liverpool and Manchester Railway, which was the first general purpose railway and inaugurated a frenzy of construction. By 1867, 12,000 miles of track were in operation.

Railways were laid around the world and contributed to the integration of world markets.

Another solution to the problem of bad roads was to put the engine on a boat. Robert Fulton built the first commercially successful steam ship, the Clermont, which sailed the Hudson River in 1807. Crossing oceans was a bigger challenge. An issue was, again, the thermal efficiency of the engines, for a ship had to carry the coal it needed for its voyage, so the less efficient the engine, the more carrying capacity had to be devoted to coal rather than freight, which would bring in revenue. Isambard Kingdom Brunel’s Great Western established that a ship could cross the Atlantic in 1838 and his Great Britain was the first iron ship driven by a screw propeller. The transition from sail to steam was gradual and depended on improvements in engine efficiency. By the end of the 19th century, steam finally replaced sail on the longest route from Britain to China. As steam use increased, so did the integration of the world economy.

Between 1830 and 1870, steam driven machinery displaced human and animal labour in activities across the economy. Portable steam engines drawn by horses provided power on farms in the 1850s and were superseded by the traction engine (1859). In 1865 it was equipped with a roller and was used for road surfacing. Steam powered sawmills were replacing two men and a saw from the 1820s onwards. The pug mill replaced heavy manual labour in the mixing of clay for brick making and pottery. Bricks were formed with mechanical extruders rather than by hand. And so forth in industry after industry.

Steam power contributed very little to the growth in aggregate labour productivity before 1840. The greatest contribution came between 1850 and 1870, and coincided with the construction of railways and the spread of factories and machines across the range of British industries. Hand work disappeared and was replaced by higher productivity, higher paid factory work in the middle years of the 19th century.


Chapter 4

The condition of England

The last chapter was about the benevolent face of the Industrial Revolution. Now we turn our gaze to its dark side and consider why this upswing in technological progress caused such widespread suffering for so many people for so long. We begin with a broad question: how did the technological revolution change the structure of society?

Class structure

We can answer the question with social tables. A social table divides society into status or occupational groups, and the number of households in each group and their average incomes are specified. Gregory King prepared the first table for England in 1688. It was well-known and defined the genre. Massie updated King’s table in 1759, Colquhoun revised it extensively to describe England as revealed by the first census in 1801 (although I date his table to 1798), and Smee and Baxter made further revisions using the occupational data in the censuses of 1841 and 1861, as well as information from income tax returns. Since investigators relied on varying sources of information and employed different occupational breakdowns, comparison across tables is not simple. Historians have addressed this problem by amending the tables with recently compiled information on the occupational distributions and the incomes, etc. Exact comparability is unlikely, but social tables do reveal major trends in the evolution of society.

Box 4 summarizes the major social tables by reducing the various occupations and statuses to six groups that can be traced across the Industrial Revolution.

Box 4 How did England’s social structure change over the Industrial Revolution?
In the table that follows, the English population is divided into six classes that can be followed from Gregory King’s social table for 1688 to Dudley Baxter’s table for 1867. The table shows the number of households (called ‘families’ in the early social tables) in each category in each year. Households included servants as well as related individuals. The landed class, that owned most of the real estate in the country, was always small. The working classes were always the largest, and grew immensely during the Industrial Revolution. The middle classes, however, grew even faster. The number of farmers declined relative to the other groups as industry expanded. Paupers increased in number during the 18th century, and then declined slightly as industry grew, and the Poor Law was made more stringent.
		1688
	1759
	1798
	1846
	1867

	A. Number of families or households

	Landed
	31,626
	29,070
	38,704
	52,986
	50,695

	Bourgeoisie
	60,128
	84,000
	95,879
	363,932
	436,493

	Lower middle
	114,602
	188,000
	252,640
	649,396
	884,450

	Farmers
	402,440
	379,008
	320,000
	243,130
	223,271

	Workers
	980,863
	1,128,247
	1,804,567
	2,598,299
	3,668,936

	Cottagers & paupers
	161,672
	192,310
	439,897
	320,648
	317,726

	Total
	1,751,331
	2,000,635
	2,951,687
	4,228,393
	5,581,571

	B. Distribution of families or households (%)

	Landed
	1.8
	1.5
	1.3
	1.3
	0.9

	Bourgeoisie
	3.4
	4.2
	3.2
	8.6
	7.8

	Lower middle
	6.5
	9.4
	8.6
	15.4
	15.8

	Farmers
	23.0
	18.9
	10.8
	5.7
	4.0

	Workers
	56.0
	56.4
	61.1
	61.4
	65.7

	Cottagers & paupers
	9.2
	9.6
	14.9
	7.6
	5.7


Source: Robert C. Allen, ‘Revising England’s Social Tables Once Again’, Oxford University, Working Papers in Economic and Social History, Number 146, 2016.


The 18th-century tables did not include Scotland, and this specification has been continued throughout to ensure consistency. This is unfortunate; however, calculations with 19th-century data show that the ratios for Great Britain differ very little from those for England and Wales shown here.

The ‘landed classes’ formed the top group, owning most of the land in England, and agricultural rent formed the bulk of their income. Like all of the groups, this one was diverse. It included the king or queen, the peers of the realm, the gentry, and also the parish clergy of the Church of England, who were supported by glebe estates. The landowners also included the small number of university fellows who were supported by college properties. The landed classes were never more than 2 per cent of the population, and the proportion stayed roughly constant over time. The increase from 30,000 to 50,000 shown in Box 4 probably reflects the inclusion of female property owners in 1846 and 1867 who had been left out of the earlier counts. The landed classes were the wealthiest group in the country.

The next richest group was the ‘bourgeoisie’, which included the large-scale capitalists, bankers, merchants, lawyers, high officials, and investors. They already outnumbered the landed classes in 1688, and their number grew seven-fold during the Industrial Revolution. Their share of the population increased from 3 per cent to about 8–9 per cent over the period.

The third group was the lower middle class. In the 18th century, they were overwhelmingly shopkeepers and tradesmen. Typically, their businesses involved manufacturing as well as selling. They were ‘the butcher, the baker, the candle-stick maker’. The lower middle class also included teachers, and in 1800 Colquhoun recognized another occupation—clerks. As the Industrial Revolution unfolded, more and more professional, educational, supervisory, and other salaried ‘white collar’ jobs were created. This category increased almost eight-fold from 1688 to 1867.

The fourth group, farmers, formed a declining share of the population. In 1688 there were close to 200,000 smallholdings held by husbandmen and yeoman, and cultivated by them and their families. The other 200,000 were larger farms mainly leased from great estates and cultivated by hired labour. The number of farms declined in the 18th and early 19th centuries as yeoman holdings were amalgamated into large farms. Agriculture was a declining sector during the Industrial Revolution.

The fifth group was the largest—workers. In the 18th century, they included servants, who were hired by the year and lived with their employers, labourers hired by the day, and many craft workers, who were usually paid by the piece or the job, and merged into independent contractors. Many of the artisans worked in their cottages. The Witney weavers are an example. Building workers, miners, and sailors, of course, worked on sites away from home.There were as many jobs in agriculture as in the rest of the economy.

This ‘manual working class’ was the largest group in the English economy. It grew by a factor of almost four during the Industrial Revolution. Most of the new jobs were non-agricultural. The character of work changed significantly as the independent craftsman working with hand equipment in his or her cottage gave way to machine operators employed in the new factories.

The poorest group were only partially employed, if they worked at all. In 1688 this group comprised almost one-tenth of the families. King referred to them as ‘cottagers and paupers’. King put their incomes at subsistence, which means they were probably not working full time. In the 19th century, the poor were those who received poor relief. The share of the population who were paupers was constant to 1759 and then increased as the population expanded, the employment opportunities for women as spinners declined, and food prices rose as agricultural output lagged behind population. The decline in the number of poor shown in the table between 1798 and 1846 is the consequence of reforms to the Poor Law, which made it harder to get relief. The decline was thus spurious. However, the further decline to 1867 in the fraction who were poor probably reflected a rising demand for labour.

We can also use the social tables to track the incomes of these groups. This can be done either in terms of earnings or purchasing power. Box 5 shows the average income of an earner in each group.

Box 5 How much did people earn?
There was at least one person in each household who brought in some money, and often there was more than one. ‘Earners’ in this sense were people who worked for wages or salaries, ran businesses, received dividends, interest on investments, rents from lands that they leased out, or poor relief. The incomes in the table that follows equal the total income earned by the class divided by the total number of earners in the class.
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Households could, and did, have multiple earners, for instance, when the husband wove, his wife spun, and their son toiled in a mill. The standard of living implied by these earnings depended on the prices of the goods that people consumed. There are many ways to measure those prices, and here we measure them as the cost of a basket of subsistence goods defined earlier. Dividing earnings per person in the household by the cost of the basket adjusts earnings for price changes and shows how many baskets each person could consume in a year (Box 6).

Box 6 How high was the standard of living and did it rise?
The standard of living is measured by ‘real income’. First, income per person is calculated by dividing the total income of each class in each year by the total number of people in the class, including men, women, and children. The result is called ‘nominal income per person’. ‘Nominal income’ is converted to ‘real income’ by dividing it by the cost of the subsistence basket defined in Box 2. The result is the number of subsistence baskets that each person in each class could buy in each year. In 1688, that ranged from just over one for cottagers and paupers up to almost thirty-one for the average member of the landed classes. The latter did not consume thirty-one times the amount of oatmeal porridge in the subsistence basket. Some of those baskets were used to hire servants, builders, and craftsmen. Others were traded up for better quality food and fine clothing. Over the Industrial Revolution, the average person’s consumption more than doubled. All of the social classes gained, although by different amounts. Workers did not gain, on average, during the first half of the 19th century, but their real incomes jumped up after 1846.
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Throughout the period, the highest earning group were the landed classes. This privileged circle spanned the range from Jane Austen’s Mr Darcy, with an income of £10,000 per year, which would have been near the apex of English society, to Mr Collins, the distasteful vicar, who took in perhaps £120. By the 1860s, Box 5 probably understates the income of this group since it assumes they were only receiving agricultural rent, and thus it excludes their earnings on urban property and non-agricultural investments, which were becoming important.

Box 6 shows how real incomes changed over the Industrial Revolution. The landed classes were always well off. They could consume thirty baskets each in 1688, and their consumption possibilities increased to fifty in 1800 after which they remained stable. In reality, no one consumed fifty times the quantity of oatmeal shown in Box 6. They upgraded their food consumption to more expensive sources of calories like quail and port, and hired builders, servants, and jewellery makers, who effectively ate their baskets (or upgraded versions) for them.

The landed classes consumed at a high level across the Industrial Revolution, but their relative position slowly eroded as agriculture declined vis-à-vis industry. In 1688 the agricultural rent received by the landed classes amounted to 16 per cent of the national income. By 1867, their rental income had dropped to 5 per cent.

The bourgeoisie were the second richest group. They were not far behind the landed classes. Their highest nominal incomes were, like those of the landed classes, realized in 1798, but they did not suffer in later years since the decline in monetary incomes was generally offset by lower prices. Sir Richard Arkwright, the entrepreneur and inventor of the water frame, earned about £20,000 per year (judging by his wealth at death) and his son raised that income to perhaps £40,000 (see Figure 11). He was reputed to be the richest commoner in the kingdom. In terms of consumption possibilities, the bourgeoisie had only twenty baskets per person in 1688 but did even better than the landed classes, slightly surpassing them (51.39 baskets versus 50.98) in 1867.
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The incomes of the lower middle class and the farmers lay between those of the upper classes and the workers. In the 18th century, the average member of the lower middle class earned at least twice as much as the average worker. In 1688, the category of farmers earned only a quarter more than the workers. The group average was depressed by the low earnings of the husbandmen and yeomen. As the smallholders disappeared, the group average rose to twice that of workers in 1798. In the first half of the 19th century, as the nominal incomes of the landed classes and the capitalists sagged, the lower middle class and the farmers surged ahead. After 1846, the farmers continued to advance in the age of ‘high farming’, while the shopkeepers and clerks experienced a fall in income. Their consumption standard, however, was generally comfortable. Farmers tripled their incomes from four to almost twelve baskets over the Industrial Revolution. The shopkeepers and clerks started with five baskets in 1688, reached twelve in 1846, and then dropped back to seven in 1867. This was scarcely above the earnings of a skilled craftsman.

The income of the poor rose gradually during the Industrial Revolution. Between 1688 and 1798, there was very little growth in either their nominal income or their standard of living. In the 18th century, the average poor person got just one subsistence basket per year. The poor did better, however, in the 19th century and by 1867 each poor person got the equivalent of almost two and a half subsistence baskets. It is striking that the real consumption of the average poor person increased by a factor of 2.38 between 1688 and 1867, which almost exactly equals the factor (2.26) by which average consumption increased for the British population as a whole over the same period.

The standard of living of the working class

The working class is saved for last since the question ‘Did the standard of living of the working class rise, fall, or stay constant during the Industrial Revolution?’ is one of the most debated issues of the period. Everyone agrees real wages rose after 1850, however, what happened between 1800 and 1850 is highly controversial, and what happened earlier is a mystery.

The social tables propose answers to these riddles. Box 5 shows that average earnings per worker grew slowly in the first half of the 18th century and then more rapidly to 1798. This was a period in which there was considerable wage convergence in Britain as wages in the north, which had been lower than those in London and the south generally, advanced to their level. The tide changed, however, between 1800 and 1846, as earnings per worker grew little. The 1840s were a difficult time for workers across Europe, and British workers did not escape the trend. After 1846, however, their fortunes changed, and earnings increased by one-fifth to 1867.

These patterns are reinforced when wages are adjusted for changes in the cost of living and expressed on a per person basis, as in Box 6. This table highlights how much the average household member could consume. One important point to note is how well off English workers were by international standards: The average member of a working class family in England always got more than three subsistence baskets each year, while many Europeans and Asians were lucky to get one. Like the upper classes, English workers did not consume three times the oatmeal shown in Box 6 but instead upgraded their consumption to bacon, beer, and white bread.

While English workers enjoyed a high standard of living at the start of the Industrial Revolution, it was a long time before they realized substantial gains. There was no change in consumption per person between 1688 and 1759, but it then rose from 3.27 to 4.39 baskets in 1798. Stagnation returned in the first half of the 19th century as working class consumption per head edged downward by half a per cent, while consumption over all rose 21 per cent, with the farmers and lower middle class reaping gains of over 50 per cent. In 1688 the average worker’s consumption was 67 per cent of the national average. The ratio dropped to 63 per cent in 1759, then to 56 per cent in 1798, and bottomed out at 46 per cent in 1846. The working class began to catch up between 1846 and 1867 by posting a consumption gain of 42 per cent as consumption per head jumped from 4.37 to 6.21 baskets. Growth in working class purchasing power was well above the national average of 17 per cent in this period. Working class consumption rebounded to 56 per cent of the national average in 1867.

Inequality within the working class

If we left the matter here, we would have a view of working class living standards that was neither optimistic nor pessimistic: In the first half of the 19th century, consumption per head in the average worker’s household neither rose nor fell noticeably; however, workers on average slipped behind other, better off groups whose earnings rose rapidly. While apparently moderate, this conclusion is still far too Panglossian, for it ignores one of the crucial features of the period: the dramatic increase in wage inequality among workers. Those in the modern, expanding sectors often could do well, while their counterparts in the handicraft sectors did badly. The latter experienced acute poverty. This development is completely obscured in the average. Indeed, the point of averaging is to cancel out the highs and the lows.

We can see the increase in inequality in the Lancashire labour market. Figure 12 plots the real earnings of building labourers, farm labourers, and handloom weavers from 1770 to 1850.
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At the outset, the difference in earnings among these groups was small. All of the trades earned just under two baskets, and the building labourers, who received the highest wage, earned only about 40 per cent more than the handloom weavers, who had the lowest. The handloom weavers enjoyed a brief golden age in the first quarter of the 19th century when their income surged to almost four baskets, but their earnings slumped to bare bones subsistence by 1840. At that time, the building labourers were earning three times what the handloom weavers took in. The farm labourers occupied an intermediate position and realized a small increase in the real wage over the period. The clear winners were the building labourers, whose real earnings doubled by 1850, the farm labourers were also-rans, while the handloom weavers were the big losers.

In 1820, handloom weavers amounted to 10 per cent of the male workforce, so their fate was of considerable consequence in its own right. But they were not alone. Again and again, we encounter the same story: machinery was invented to do the work that a skilled artisan had previously done by hand. People with those skills continued in their trade (it was, after all, what they could do) even as their earnings dropped under the competitive pressure of increasingly efficient machinery. They sank into poverty, and eventually the trade disappeared. Framework knitting and pillow lace weaving are examples.

In 1589 William Lee invented a machine to knit stockings. It was powered by the operator and had more moving parts than the early spinning machines. It was impressively complicated. A narrow frame could make a dozen pairs of stockings per week, while a wide frame could produce that many in a day. In 1844, there were almost 50,000 knitting frames in Great Britain. Many improvements had been made to the frame, which enabled it to knit more and more complicated patterns.

Pillow lace knitting was a separate industry. This was a domestic industry carried out in the knitters’ homes and supported many thousands of women.

The industries were originally distinct, but their fates became entangled, as inventors contrived to improve the stocking frame so it could knit lace. It was a difficult problem and was only solved by John Heathcote in 1809. At first, the machine-wrought lace was crude, but over time the process was improved so that finer qualities of lace could be knitted at lower and lower costs. At the beginning of the 19th century, women could make five meshes of plain net per minute on their cushions, and lace cost 100 shillings per square yard. The steam powered machinery of the 1850s could knit 40,000 meshes per minute, and the price of lace had dropped to 6 pence (pre-decimal UK currency) per square yard. In the face of this competition, the incomes of the pillow lace knitters collapsed, and eventually it became pointless for even the poorest woman to compete against the machinery. By 1860, 90 per cent of the lace machines were steam powered. They were operated by men who had formed a trade union and earned high wages. The women who made lace in their cottages were gone.

The fate of the men who knitted stockings was also unfortunate. It was not difficult to learn to operate a knitting frame, so men who had been forced out of other jobs like handloom weaving flowed into the stocking industry, depressing earnings there. By the 1840s, poverty was endemic. The situation only improved when steam factories replaced the old knitting frames. Marc Isambard Brunel patented a steam powered knitting machine in 1816, but it was not successful. Circular machines were developed in the 1830s and became commercially viable after Matthew Townshend invented the latch needle in 1847. William Cotton’s first patent was in 1846 and followed by half a dozen others in the next twenty-five years. He opened a factory in 1853 and sold knitted fabrics and knitting machines. Steam powered factories proliferated. Productivity was much higher than in hand work and wages rose.

Modern collective bargaining also developed in the 1860s.

As one activity after another was mechanized, hand workers experienced falling earnings either because their own industry was mechanized, or because another was and workers in it were driven into theirs. Hand workers as a whole suffered falling incomes. The average wage of the working class did not rise until the handicraft sector was replaced by factories.

Education

Income is only one indicator of the standard of living. Education is another. On the eve of the Industrial Revolution, England was a leader in literacy as we saw in Chapter 2. It was common for boys to spend two or three years in the village school to learn reading, writing, and arithmetic, followed by half a dozen years of apprenticeship. This system of education and training was responsible for the widespread mechanical ingenuity that was a bedrock of the Industrial Revolution. Just as the average income of manual workers remained constant through the early Industrial Revolution, so did their average educational attainment: the proportion of people who were literate remained at about 50 per cent.

The problem was that education was in conflict with the needs of manufacturers, who hired boys and girls. Around 1830, the cotton industry employed about 85,000 children.

Many were ‘piecers’, who tied together broken threads, an essential task. Manufacturers could vote, while workers could not, so the State regarded piecing as more important than schooling, and State financed, universal education was deferred. In addition, the Church of England feared that universal education would promote irreligion; they claimed the right to provide education but did little. The US and British censuses of 1850 and 1851 found that most young people were in school in both countries. However, the American students were all in full time schooling, while half of the English students were in school only on Sundays—their sole day off work. Mr Edward Early, a blanket manufacturer in Witney, stated that ‘he superintends every Sunday the education of between 400 and 500 children, and that upwards of 1000 children are taught reading every Sunday in the schools, and writing on Saturday evenings’—after working a full day in the mill!

Not only did the English educational policy hurt British workers by limiting their intellectual development, but it built up economic trouble for the future. The new technologies of the late 19th century required educated labour, and Britain fell behind Germany and the USA, both of which had larger State financed educational systems. The demand for educated labour was growing, but it still took the Third Reform Act in 1884/5, which extended the franchise from 31 per cent to 63 per cent of men, to overcome employer resistance and make schooling a higher priority than piecing.

Health

There was little, if any, evidence of improvement in average health in Britain during the Industrial Revolution. However, there is considerable evidence of growing inequality in health status—as with income.

The most basic indicator of good health is being alive, and this is measured by the expectation of life at birth. Estimates are available every year since 1541, and they show a trendless pattern until about 1850 with fluctuations between 35 and 40 years. Figures like this should not be interpreted to mean that few people lived past 40. On the contrary, many lived to be much older, but the average lifespan was low because about one-quarter of the population died before their 5th birthday. (If half the people died in their first year and the other lived to be 80, then the average lifespan would have been 40 = (0 + 80) / 2.) Since 1850, the expectation of life has risen steadily to present day values exceeding 80 years in rich countries. These gains, however, came after the Industrial Revolution.

Not every group’s experience was the same. The family trees compiled by the peerage have allowed their birth and death rates to be reconstructed, and they provide an important contrast. Between 1540 and 1740, the life expectancy of the peers was little different from the national average—in that period, the aristocracy’s higher than average consumption of food and housing did not give them extra protection against infectious diseases—but after 1740, their life expectancy increased steadily to 60 years around 1867. What they did to live so long is not so clear.

Other groups were less fortunate. The urban population did particularly badly. In the first half of the 19th century, large towns and cities had a life expectancy in the range of 30 to 33 years, while the average rural dweller lived ten years longer. This difference pre-dated the Industrial Revolution. Cities had always been death traps since human and industrial waste went into cess pits and gutters, while water was taken from wells, streams, and rivers. The wells were contaminated by the cess pools, and waterborne diseases were recycled through the population leading to many deaths. Air quality was poor due to the ubiquitous burning of coal, and that exacerbated respiratory illness. In addition, the overcrowded conditions encouraged the spread of airborne diseases including tuberculosis.

These problems were not overcome until water supply and sewage disposal systems were built, and that did not happen until the late 19th century.

A rising fraction of the population lived in cities during the Industrial Revolution, and that in itself pushed up the overall death rate. The aristocracy in their country houses escaped these conditions, as did the bankers, lawyers, and industrialists who bought country estates.

The workers who lived in cities could not escape, and they paid the price as their young children died.

With urbanization pushing up the death rate, why was average life expectancy constant over the Industrial Revolution? Part of the answer may be the income growth realized by the lower middle class in the first half of the 19th century. They were a large and rapidly expanding group that also lived in cities. Their incomes were higher than those of the workers and grew very rapidly from 1798 to 1846. More money allowed them to buy better food and rent better housing, and those advantages may have helped them fight off infectious disease. In that case, the differences in income translated into differences in life and death.

The study of heights allows us to approach questions of health with different evidence. In Chapter 2, we saw that British workers were the tallest in Europe at the end of the 18th century. They did not maintain their stature during the Industrial Revolution, however: the average height of British workers fell in the first half of the 19th century. This was true of workers in general and, particularly, of those in large cities. This finding is consistent with the rise in mortality that also probably occurred. The height evidence supports a pessimistic interpretation of the Industrial Revolution.

We know less about the height of the middle classes. One sure thing is that they were taller than the lower classes. In the 1870s, the British Association for the Advancement of Science commissioned a study of British heights and weights. Much data was collected, and similar patterns were revealed for men and women, old and young. For instance, the average height of men, 25–30 years old, from the landed and professional classes was 69 inches. Among clerks and shopkeepers, the average was 68 inches, and it fell to 67.5 inches among farm labourers, and then 66.5 among urban artisans. Urban factory workers were the shortest at 65.5 inches.

The upper classes were also heavier. The same progression for 22-year-old men ran from 152.8 lbs for the upper classes, to 145.5 for the urban lower middle class, to 138.6 lbs for the urban artisans. (The farm labourers buck the trend with a weight of 150.6.) How middle class heights changed over time is much less clear.

The ‘perennial gale of creative destruction’

It is no surprise that the share of national income going to farmers and landowners declined during the Industrial Revolution, but why did workers fall behind capitalists and why did some workers do so much better than others? There are four approaches to these questions.

The first approach claims it was all bad luck—nature and Napoleon. The wars with France from the French Revolution to Waterloo disrupted trade between Britain and the continent. Bad harvests in Britain drove up grain prices in the UK (cf. the spikes in Chapter 5, Figure 14), and they could not be offset by food imports because of the wars. High food prices cut real wage growth and produced misery. Nothing was fundamentally wrong with British society: the problems were down to ill fortune.

One difficulty with this explanation is that the poverty persisted long after Waterloo. The second approach addresses that question. This approach attributes poverty to the non-democratic character of the British constitution. Parliament was controlled by the gentry and aristocracy, and they used this power to advance their interests. The Corn Laws were passed in 1815, for instance, to prevent the import of cheap European grain. High food prices were perpetuated artificially in Britain at the expense of workers. Even after the Reform Act of 1832 increased the representation of commercial interests in parliament, it continued to represent the well to do and enacted legislation like the Poor Law Amendment Act of 1834, which reduced income support for the poor to the detriment of workers. In this view, it was undemocratic politics that was responsible for the rising inequality of the Industrial Revolution.

While anti-worker legislation may have played a role in suppressing the standard of living of labourers, the leading social scientists of the period stressed more fundamental features of the society. Malthus’ demographic theory is the third approach to explaining the trends in income distribution. Malthus was a favourite of the upper classes, for he laid the blame for widening inequality on the reproductive habits of the workers rather than on failings of the economic and political systems, which might have required their reform or replacement. Malthus postulated that if income exceeded subsistence, as it did in Britain, then birth rates would rise and death rates fall leading to a population explosion that would force wages back to subsistence. Poor relief was no solution to the problem, for giving the poor extra money simply pushed up population growth, which would eventually drive wages down until wages plus poor relief equalled subsistence. No matter how much economic growth there was, real wages would never rise in the long run, and all of the gains to growth would go to landowners.

Malthus’ demography was extremely influential. The famous philosopher and economist John Stuart Mill was taught Malthus as a youth, and it led him to direct action: in 1824 at the age of 18, he was arrested for distributing birth control literature to the London poor.

Even though Malthus was endlessly invoked in the 19th century as an argument against social reform, the historical record has not been kind to his theories. While there is evidence in favour of his views from the centuries before his day, the population history of the last two centuries has shown that demography is much more complicated than he imagined. The most common generalization about population since 1850 is that rising incomes have been accompanied by falling birth rates—the exact opposite of Malthus’ prediction. His theories are, therefore, not a firm basis for explaining income distribution during the Industrial Revolution.

The fourth approach is that of Karl Marx who offered an alternative theory that also predicted that wages would remain at subsistence despite the growth in the economy. While Malthus explored labour supply, Marx concentrated on labour demand. Marx thought that technological change would continuously throw people out of work. The competition for jobs from this ‘reserve army of the unemployed’ would keep wages at subsistence. The competitive pressures of a market economy meant that every capitalist had to innovate or be driven out of business as competitors raised their productivity. The twin consequences were (1) continual innovation that raised output per worker; and (2) a static real wage with all of the gains going to capitalists and landowners. These conclusions led Marx to believe that capitalism would be eventually replaced by socialism, which would allow workers finally to gain from economic development.

Marx was wrong about many things, including, in particular, his predictions. Nevertheless, his work also includes valuable insights. Some of those relating to technology have been developed by the Austro-American economist Joseph Schumpeter in his well-known theory of ‘Creative Destruction’. Schumpeter emphasized that the important competition that capitalism unleashes is not between similar firms in the same industry producing the same product, but rather from the introduction of radically new processes and modes of production.

The fundamental impulse that sets and keeps the capitalist engine in motion comes from the new consumers’ goods, the new methods of production or transportation, the new markets, the new forms of industrial organization that capitalist enterprise creates … The opening up of new markets, foreign or domestic, and the organizational development from the craft shop and factory to such concerns as U.S. Steel illustrate the same process of industrial mutation … that incessantly revolutionizes the economic structure from within, incessantly destroying the old one, incessantly creating a new one. This process of Creative Destruction is the essential fact about capitalism.

The Industrial Revolution illustrates this dynamic. The Industrial Revolution was preceded by the expansion of the cottage mode of production. The first activity to be revolutionized was spinning, as we have seen. Once the cottage sector got large enough—and wages high enough—the incentives for the invention of the factory mode of production fell into place.

This new production system destroyed the cottage mode as it expanded and replaced it. ‘Progress entails … [the] destruction of capital values in the strata with which the new commodity or method of production competes.’ ‘Destruction of capital values’ meant not only that outmoded spinning wheels were tossed in the back of the barn, but also that the women with the skills to operate them could no longer earn a living. Their incomes collapsed in the face of machine competition. We saw this in Chapter 2 in the case of the Cotswold villages that had supplied Witney with yarn for weaving blankets. It was a general problem in Britain: the spinners were the first example of mass technological unemployment. The loss of these earnings pushed up poverty in the late 18th century since many families could no longer afford the ‘respectability basket’ and had to make do with oatmeal and potatoes rather than bread and beef.

It was déjà vu all over again with the power loom. The supply of cheap yarn from the new cotton mills led to the expansion of handloom weaving to turn the yarn into cloth. As the sector expanded the earnings of weavers rose, prompting inventors to try to save on the now expensive labour by creating the power loom. Once they succeeded, the handloom weavers were doomed. The power loom was improved throughout the 1830s and 1840s, and relentlessly drove down the price of cloth. Fewer hours of labour were needed to weave a yard by machine than by hand, and costs were cut further by employing women as weavers in place of the men who wove in their cottages. The income of handloom weavers fell accordingly since they were paid for each yard they wove and their productivity did not increase. Poverty grew among the 250,000 handloom weavers, and gradually they were forced into other work where their competition exerted downward pressure on wages. Again poverty accompanied progress.

Technology evolved along the same lines, for the same reasons, and with the same results, in all of the hand trades. A big reason the Industrial Revolution happened in Britain was because it had developed a very large handicraft manufacturing sector in the 17th and early 18th centuries. This led to the high wage economy that prompted the invention of the factory and labour saving machinery in general. The standard of living issue was so heightened and working class living standards lagged for so long because the handicraft sector was so large. Evidently, when any particular trade was mechanized, earnings in that branch dropped, and that decline, in itself, lowered the average wage of workers. Over and beyond that, the displaced workers looked for jobs elsewhere, and their competition put a damper on wages across the economy. The traditional manufacturing sector was not liquidated until the middle of the 19th century, and only then did wages begin to rise generally. One of the virtues of Schumpeter’s analysis is that it unites the two faces of the Industrial Revolution: the progress was the ‘creative’ consequence; the poverty the ‘destructive’ consequence.


Chapter 5

Reform and democracy

The Industrial Revolution created social tensions and posed practical problems that shaped the politics of the period, and affected much of social and cultural life. Most commentators analysed society in terms of the three class model that was anchored in the economics of Adam Smith. Every price ‘resolves itself either immediately or ultimately into the same three parts of rent, labour, and profit’. Consequently,

the whole annual produce of the labour of every country, taken complexly, must resolve itself into the same three parts, and be parcelled out among different inhabitants of the country, either as the wages of their labour, the profits of their stock, or the rent of their land.

The division of society into three classes is a useful simplification, but it should be remembered that there was heterogeneity of belief and action in all of these groups, and, indeed, their character evolved over the course of the Industrial Revolution. How and when that happened are important historical questions. In any event, enough landowners, businessmen, and employees recognized that they were members of a group that had common economic interests that were opposed to those of the other groups, that the three class model provides insight into the politics of the Industrial Revolution.

Before 1789

Modern factory industries had begun before the French Revolution, but they had scant impact on the economy as a whole. In 1790, employment in cotton textile mills, the principal factories of the day, was only 80,000—less than 2 per cent of the occupied population. Many more workers were self-employed in cottage industries as pillow lace knitters, weavers, and so forth. Agriculture still accounted for one-third of GDP. Although England looked largely pre-industrial, adverse developments were beginning to appear—the cotton mills were rendering most of the female population, who had been employed as hand spinners, unemployed, with a concomitant increase in rural poverty. In addition, the cotton mills were employing disconcertingly large numbers of children whose employment would raise the question of factory regulation in the 19th century.

Eighteenth-century economic life was conducted in a legal framework handed down from the medieval and Elizabethan periods. Statutes like the Assize of Bread and Ale of 1266–7 regulated the marketing of foodstuffs to prevent price gouging and speculation, and empowered Justices of the Peace (JPs) to set prices. The Statute of Artificers of 1562 empowered JPs to fix wages for most trades. The Poor Law of 1601 required parishes to support their poor.

‘The principle of our constitution is the representation of property, imperfectly in theory, but efficiently in practice.’ In the 18th century, the agricultural rent received by the gentry, aristocracy, and clergy amounted to about one-sixth of the national income, and this group had a higher average income than the capitalists or workers. The distribution of power and authority followed the distribution of property. At the local level, the squire administered the village and expected deference in return. Nationally, parliament represented landowners. The House of Lords was a predominantly hereditary chamber consisting mainly of great landowners. They also dominated the House of Commons where most constituencies were rural, and many were ‘rotten boroughs’ with only a few voters whose MPs were effectively appointed by the landlord who owned the village. Parliament was the preeminent organ of government following the civil war in the 17th century and the Glorious Revolution of 1688.

There was a contradiction in the way the landed classes exercised their power. On the one hand, they believed they governed for the whole nation—everyone had ‘virtual representation’ in parliament even though they could not choose its members—and had a paternalistic responsibility for the well-being of the poor. On the other hand, they did not tolerate royal interference in the management of their affairs, and used their parliamentary power to advance their interests. The assize of bread, the assessment of wages, and the provision of poor relief all proved detrimental to their interests, and they were ignored, repealed, or watered down during the Industrial Revolution. Landowners also advanced their interests through private legislation that authorized the enclosure of open fields, the construction of turnpikes (better roads that charged tolls), and canals, all changes that raised the value of land. These initiatives also benefited manufacturing and commercial interests, as did the State’s vigour in protecting property, which included manufacturing establishments whenever they were threatened by riotous mobs.

Most government expenditure was on the army and the Royal Navy, and they were used to expand the British empire and advance British commercial interests abroad. The Navigation Acts meant that the trade of the empire and the markets it provided were reserved for British merchants and manufacturers. While the capitalists were not well represented in parliament, the policies it pursued were broadly in their interests, so there was little to provoke awareness of contradictory interests between capitalists and landowners.

There were conflicts of interest, however, between labourers, on the one hand, and landowners and entrepreneurs, on the other. The disputes were local and sporadic rather than national, mass movements. Conflicts often centred on change (supported by landowners and businessmen) versus the preservation of tradition (supported by workers and small-scale farmers). Popular discontent was expressed in local riots rather than in strikes or mass political movements that were the instruments of the workers once they became urban, factory employees.

Enclosure of the open fields was a great source of dispute. About a fifth of England was enclosed by parliamentary act in the 18th and early 19th centuries. The enclosures were promoted by large landowners hoping to increase the rents from their tenants. While local opinion was consulted, ‘the suffrages were not counted but weighed’ since it was the acreage each person owned that was tallied for or against. The parliamentary process allowed the large owners to override the objections of small owners. Enclosure often extinguished common grazing rights that had benefited many cottagers.

While they received compensation for the loss of legally defined rights (parliament zealously defended the legal rights of small owners as well as large) many traditional practices were ended without compensation. On balance many people lost out from enclosure. They objected to the commissioners and rioted on occasion, but there was no coordinated national opposition that would indicate widespread recognition of common interests.

Food riots were also common in times of scarcity and high prices. These reflected the peculiar conditions of the 18th century—most people were workers or artisans so they bought their food and so they were hurt by high prices rather than gaining from them as cultivators did. There was a long tradition of State regulation to control speculation, mark-ups, and hoarding. In times of dearth, villagers took direct action, often with the tacit support of paternalistic JPs and sheriffs, to find food stored by farmers and dealers, and force its sale on local markets at normal prices. The ‘moral economy of the crowd’ was in accord with the traditional paternalism. In 1766 the Witney weavers threatened an insurrection unless the farmers lowered the price of corn, which they did.

Machine breaking was another form of direct action in support of traditional practices. The framework knitters, for instance, had an ambivalent attitude towards technical change. Inventions were embraced when they allowed a knitter to produce a more highly valued product like a ribbed stocking, but they were resisted when they threatened employment. Machine breaking could have other objectives as well and has been described as ‘collective bargaining by riot’. A wave of machine breaking in Nottingham resulted in The Protection of Stocking Frames Act 1788, which made the destruction of machinery punishable by transportation to Australia. From 1811 to 1816, machine breaking recurred in northern England. The Luddites (named for Ned Ludd who broke machines in 1779) wrecked machinery in Nottingham. In his first speech to the House of Lords, Lord Byron explained attacks on machinery as a response to technical change:

These machines were to them [the owners] an advantage, inasmuch as they superseded the necessity of employing a number of workmen, who were left in consequence to starve. By the adoption of one species of frame in particular, one man performed the work of many, and the superfluous labourers were thrown out of employment.

Byron’s intervention did not prevent passage of The Destruction of Stocking Frames Act 1812, which increased the penalty to death. Machine breaking spread to hand loom weavers in the West Riding and Lancashire, and there can be little doubt that they were threatened by the power looms they were destroying. Machine breaking reemerged when mechanization threatened employment. In the Captain Swing riots in eastern England in 1830, farm labourers destroyed threshing machines that eliminated agricultural jobs. Luddites are often imagined as irrational opponents of progress, but the hand workers were not the ones who would benefit from the invention of power looms even in the long run, so their attempts to destroy them made sense.

French Revolution and Napoleonic wars

While the Industrial Revolution was inexorably undermining the old society, opinion was polarized by the French Revolution, which threw up new challenges that crystallized positions. The French monarchy was overthrown and replaced, briefly, with a democratic republic. The king and thousands of aristocrats were beheaded. Feudalism was abolished. A new religion was declared. The great question was: would Britain go the same way?

The Revolution had many supporters in Britain who believed that democracy would make a better world. Initially, supporters included many who were well to do, but their enthusiasm faded as the Revolution turned murderous.

The Revolution spawned a pamphlet war between supporters and critics. Thomas Paine’s The Rights of Man was the most widely read pro-Revolutionary tract. Its arguments were not unique, but they were forcefully stated. It made a powerful contribution to a working class point of view, but it was far from the finished product. On the political plane, Paine endorsed the view that people had fundamental natural rights to life and liberty, and that they always retained the right to overthrow a government that did not respect those rights. The Bastille, the prison in Paris where political prisoners were incarcerated, symbolized the despotism of the French monarchy that rendered the Revolution legitimate.

On the economic plane, Paine was equally anti-aristocratic. He believed the land, being a product of nature, ought to belong to everyone rather than a small minority. Land ownership was regarded as the basis of independence in the 18th century. Paine did not, however, advocating breaking up the great estates, but instead he proposed the progressive taxation of land rent to raise money for pensions and social services.

Perhaps a million copies of The Rights of Man were sold, and it was read aloud in coffee houses, so many more people heard his words. Universal rights, democracy, and socialization of land rent appealed to many working class, as well as middle class, readers. It responded to a world in which the inequalities originated in agriculture rather than industry and appealed to the weavers and framework knitters as much as to the factory workers. The self-employed artisans gravitated towards a Republican outlook, which denigrated employees as wage-slaves (they had to do as they were told by their boss) and idealized the self-employed artisan as truly free: the latter could choose to celebrate Saint Monday by taking the day off, while the former could not. When the Witney weavers were transformed from independent artisans into factory employees early in the 19th century, John Early, the leading employer, observed that they had ‘a dislike to be under restriction as to time’. Richard Osborne, a weaver, added that ‘some of them come sauntering in on Monday towards the middle of the day, some get to work on Tuesday, and some do not work the latter end of Saturday’. Workers who skived off were suspended as a punishment. For these workers, the ideal society was an egalitarian democracy of independent craftsmen carrying on their businesses in free markets.

These views had widespread support. The London Corresponding Society, founded in 1792, pressed for democracy and was joined by provincial counterparts. The upper classes were terrified.

If Mr. Paine should be able to rouze up the lower classes, their interference will probably be marked by wild work, and all we now possess, whether in private property or public liberty, will be at the mercy of a lawless and furious rabble.

Paine was charged with ‘seditious libel’ (criticism of the Crown and government), convicted, and sentenced to death, although he was never apprehended. There was a wide ranging crackdown on dissent. The stamp duty on newspapers was raised progressively from 1.5 to 4 pence between 1789 and 1815 to confine political discussion to the rich. Detention without trial was instituted, and numerous radicals were charged with criminal offences. The Combination Acts of 1799 and 1800 prohibited trade unions and collective bargaining. The old order was defended against all democratic challenges.

1815-32

Napoleon’s defeat at Waterloo in 1815 inaugurated two decades of economic and political instability. The next five years were difficult for workers. Demobilizing hundreds of thousands of soldiers and sailors led to a drop in national income and widespread unemployment. As patriotic enthusiasm ebbed and poverty increased, so did demands for parliamentary reform. The result was five years of working class agitation for the vote.

Mass meetings were held to endorse petitions demanding universal suffrage. This looked like incipient revolution to the upper classes. The culmination in 1819 was a pro-reform rally outside of Manchester which attracted up to 60,000 people. The Manchester yeomanry attacked the crowd and killed eleven demonstrators—the Peterloo massacre (see Figure 13).
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13. Peterloo massacre.



The government tried to suppress popular protest with the Six Acts including the Seditious Meetings Act that prohibited political gatherings of more than fifty people. Popular agitation for democracy was repressed for a decade.

The working class was not alone in demanding electoral reform. The middle class was provoked by one of the great acts of aristocratic self-interest—the Corn Laws in 1815.

Trade between Britain and the continent was frequently precluded between 1789 and 1815 by war and blockade. Wheat imports were limited. Figure 14 shows the course of prices.
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14. Price of wheat, 1785–1875.



In the 1780s British prices were modestly higher than those abroad but poor harvests (indicated by sharp spikes) drove the British wheat price above that abroad during the French Wars. As David Ricardo’s theory of rent explained, high wheat prices caused high rents since rent was the difference between the value of the wheat harvested and the labour and capital costs incurred in its cultivation. The high prices of the war years caused widespread distress, but the gentry and aristocracy did very well, indeed, as their tenant farmers paid ever more for their land. The resumption of peace in 1815 portended a surge in wheat imports that would have driven British prices back down to the continental level. Rents would have dropped in consequence. To forestall those possibilities, Parliament legislated high tariffs on imported corn. In 1814, Francis Place wrote thus to James Mill:

The legislature will certainly do all in its power to keep up the rent of land, and will pass an Act for that purpose next session in spite of everything which can be done to prevent it. The rich landholders will see nothing but the decrease of rents, and having the power they will certainly prevent it, be the consequences whatever they may.

As Figure 14 shows, the measure worked. British wheat prices remained close to double those in Amsterdam, Europe’s great free trade port, for the next three decades. The landed classes did not act like ‘virtual representatives’ of the whole community, but secured their position at the expense of the workers and capitalists. The Corn Laws convinced many in the middle class that they too needed electoral reform.

Reform was an important issue in the election of 1830. It inaugurated two years of dramatic political twists and turns that culminated in the Reform Bill of 1832. Conservatives aimed to split the middle class reformers from the workers, so that those with property had some representation, while those without did not. ‘The real battle is not between Whigs and Tories, Liberals and Illiberals and such gentlemen-like denominations, but between property and no-property—Swing and the law.’ Fifty-six tiny ‘rotten’ boroughs were abolished and another thirty lost one of their two representatives. The freed up seats were allocated to cities that had not been represented in parliament before as well as to rural districts. In addition, the property requirements for voting were lowered in many areas. As a result, the electorate expanded from 400,000 to 650,000 (about one-fifth of the adult males).

Commercial and manufacturing interests acquired more influence in parliament than they had previously enjoyed; however, parliament was still led by rural landowners. And the working class still lacked the vote.

1832-46

By enlarging middle class representation in parliament, the Reform Act changed the political landscape. John Stuart Mill remarked, ‘wherever there is an ascendant class, a large portion of the morality of the country emanates from its class interests, and its feelings of class superiority’. The middle class celebrated the entrepreneur, free competition, and reward for achievement. One by one social institutions were remodelled to embody these virtues. In the 18th century, State jobs were filled by patronage appointments. Appointment by merit would produce a more effective, cheaper government. The new ideal was realized at first on a case by case basis and became general policy with the establishment of the Civil Service Commission in 1855 and the first civil service examinations.

Competition would be introduced into religion by disestablishing the Church of England. While this was not achieved, the Church rates that supported it were abolished in 1868 after much campaigning.

One of the earliest and most far reaching reforms was the Poor Law Amendment Act of 1834. England’s system of poor relief was based on a series of Elizabethan statutes. Most relief was given in cash or kind directly to the poor—so-called ‘outdoor relief’. The alternative was ‘indoor relief’ in a workhouse. The Workhouse Test Act of 1723 allowed parishes to fulfil their relief obligation by establishing a workhouse. Anyone could admit him- or herself to the workhouse, but the workhouse, often modelled on a prison, was designed to be so unappealing that only the truly destitute would resort to it. Workhouses were unusual in the 18th century.

Poor Law costs were stable until the second half of the 18th century when they began an inexorable rise and with them the property tax that financed them. The causes included population growth, which increased the supply of labour, enclosure, and the amalgamation of farms, which reduced labour demand and eliminated much common grazing, and the mechanization of spinning, which eliminated the part time work of many women. The Poor Law authorities responded to the growing need by providing farm labourers with increased support through such devices as the Speenhamland bread scale, which linked support to the (rising) cost of bread. Malthus gained his renown by arguing that generous poor relief led to population growth, which only exacerbated the poverty problem. By the 19th century, landowners and capitalists alike were convinced that the system of poor relief must be changed.

The machine breaking of the Swing riots highlighted the dangers of rural poverty and prompted the appointment of a Poor Law Commission in 1832. Its recommendations resulted in the Poor Law Amendment Act of 1834 that created the so-called ‘New Poor Law’. It stipulated that the able bodied be relieved only in a workhouse. Outdoor relief continued but on a reduced scale. The law also changed the organization of the system by grouping parishes into Poor Law unions that administered the law locally and by establishing a national commission to oversee it. The cost of poor relief fell. The law worked badly, however, in industrial areas since it was not designed as unemployment insurance.

The New Poor Law was condemned by many reformers for its mean spiritedness, and it alienated many in the working class for whom the old Poor Law had been a guarantee against destitution during illness, old age, or a bad economy. The New Poor Law did, however, provide a floor to incomes. The importance of this was shown indirectly when the potato crop failed in Ireland in the mid-1840s leading to the Famine. Ireland had no Poor Law even though it was part of the United Kingdom. Had there been an Irish Poor Law, famine would have been averted.

While Poor Law reform united the middle class and the aristocracy, the two groups were pitted against each other in one of the great battles of the age—the repeal of the Corn Laws. As Figure 14 indicates, the tariff on grain meant that English wheat was twice as expensive as Dutch wheat between 1815 and 1846. High wheat prices meant high farm rents and high incomes for the gentry and aristocracy. Since the standard view was that wages were at bare subsistence, an increase in the price of food meant that workers were paid more money to buy the same food they had before. Rising money wages meant rising manufacturing costs, which reduced the competitiveness of British industry. The gain of the landlords came at the expensive of the capitalists. The commercial and manufacturing classes were firmly opposed to the Corn Laws, while the working class was comparatively indifferent.

The Corn Laws were controversial from their enactment in 1815. Adam Smith had made the case for free trade in 1776, and David Ricardo sharpened the logic with the principle of comparative advantage in 1817. In 1820, a ‘merchant’s petition’ was presented to parliament calling for repeal, but it was rejected. Charles Pelham Villiers, MP, introduced a motion in parliament calling for repeal every year from 1837 to 1845, but all failed. In 1839, the Anti-Corn Law League was formed to campaign against the law. Richard Cobden and John Bright became its most effective spokesmen. The League was an efficient propaganda machine that produced boundless tracts, raised much money, sent speakers round the country, and involved millions in its activities. The Economist magazine was founded as part of the effort, and its first editor Walter Bagehot recalled, ‘There has never, perhaps, been another time in the history of the world when excited masses of men and women hung on the words of one talking political economy.’

Despite the efforts of middle class MPs like Villiers, Cobden, and Bright, they had no hope of repealing the Corn Laws on their own. A majority of MPs in the House of Commons were landowners, and they dominated the House of Lords as well. Robert Peel, the conservative prime minister, had opposed repeal for years, but he switched his position and supported it in 1846—ostensibly as a relief measure for the famine in Ireland. He induced the Duke of Wellington to see the bill through the House of Lords as a necessity for maintaining public order. Why Peel changed his mind and why the parliament of landowners went along with him remain scholarly mysteries. Some results are clear, however. First, British wheat prices abruptly aligned with those abroad (Figure 14), but the level did not drop precipitately, and British agriculture remained prosperous until the ‘American grain invasion’ in the 1870s. Second, the conservative party split, Peel’s fraction joined with the Whigs and Radicals to form the Liberals. Third, the conservatives remained out of power for two decades. Repealing the Corn Laws was a great victory for the manufacturing interests.

But the manufacturers did not have it all their own way. They were opposed by workers, the landed classes, and even members of the middle class appalled by the poverty that accompanied progress. One of the first to try to reform the factory system was Robert Owen, himself an owner of the New Lanark mill. In the first quarter of the 19th century, he introduced education for the child workers and replaced the ‘truck system’, by which mill owners sold their employees overpriced consumer goods, with a form of cooperative shop. Owen endorsed legislation to limit the length of the working day and cut the day to 10 hours at New Lanark. By 1817, he was a professed socialist.

The economic situation for many workers only got worse in the second quarter of the 19th century as the hand trades continued to collapse. Writers of many political views were shocked by the inequality and materialism of these years. In Signs of the Times (1829) Thomas Carlyle deplored the widespread poverty, which he attributed to the destruction of hand work by machine production.

Were we required to characterise this age of ours by any single epithet, we should be tempted to call it … the Mechanical Age … Nothing is now done directly, or by hand; all is by rule and calculated contrivance … the living artisan is driven from his workshop, to make room for a speedier, inanimate one. The shuttle drops from the fingers of the weaver, and falls into iron fingers that ply it faster.

The result was a great increase in the national income—‘how much better fed, clothed, lodged and, in all outward respects, accommodated men now are, or might be, by a given quantity of labour, is a grateful reflection which forces itself on every one’—but, in fact, the gains accrued largely to the rich. ‘Wealth has more and more increased, and at the same time gathered itself more and more into masses, strangely altering the old relations, and increasing the distance between the rich and the poor.’ But the increased wealth was not a blessing even for the rich, for their minds withered as all thought was reconfigured in the image of the machine.

Men are grown mechanical in head and in heart, as well as in hand. They have lost faith in individual endeavour, and in natural force, of any kind … Their whole efforts, attachments, opinions, turn on mechanism, and are of a mechanical character.

These concerns defined the ‘condition of England question’, a term coined by Carlyle in 1839, that preoccupied many other writers—among them Benjamin Disraeli, Elizabeth Gaskell, Charles Kingsley, and Charles Dickens.

But it was not simply imaginative writers who exposed social problems. Middle class reformers with a social science disposition did the same. Middle class thinking was usually based on Bentham’s ‘fundamental axiom, it is the greatest happiness of the greatest number that is the measure of right and wrong’. This was conventionally used to defend laissez-faire economics, for if two people voluntarily agreed to an exchange (for instance, a day’s labour for 2 shillings) then the satisfaction of both parties must have increased—and with it the total happiness of society—for, otherwise, why would they have agreed? However, if the cumulative effect of many such bargains was to enrich the few and impoverish the many, then there would be a case for the State to redistribute income from the rich to the poor so long as the extra shilling that the poor woman received increased her happiness more than the loss in happiness sustained by the rich person who lost it. Or if household industrial waste draining into a river damaged the health of the people downstream who drank its waters, then again there was a case for State intervention to provide clean water.

Reasoning along these lines led reformers to advocate State action that limited the free market and created space for the State to improve social welfare. Usually the case for reform required facts, and the second quarter of the 19th century witnessed a large increase in fact collection. Some of this was undertaken by the State—the decennial census, for instance, was broadened to track the changing occupational structure of the nation. In 1837 the State took over (from the Church) the responsibility of registering births and deaths. Other facts were collected by special commissions investigating all manner of problems. Non-governmental organizations also collected facts. The Manchester Statistical Society, perhaps the most famous, was founded in 1833 ‘to assist in promoting the progress of social improvement in the manufacturing population’. Social exposés were the order of the day, Friedrich Engels’s The Condition of the Working Class in England in 1844 being a notable example, but it was not alone.

Working class distress created a political opening for the Tories that did lead to some legislative relief for workers. The issue was the employment of children in factories.

Children were widely employed in the pre-industrial economy, many with their parents and the rest as apprentices or domestic servants. The Arkwright cotton mills, however, employed vast numbers of children who were not under parental supervision. Thousands of children were sent to the mills by Poor Law guardians under apprentice contracts. The State had long regulated apprenticeship, and some ineffectual legislation dealing with cotton mills was passed early in the 19th century to this end.

The first significant employment legislation was the Factory Act of 1833. Its author was Michael Thomas Sadler. He was a Tory MP representing a rotten borough, who believed that the landed classes could govern Britain responsibly. He wrote a book on population that disputed Malthus’ theory, he fought to have the Poor Law extended to Ireland, and he opposed parliamentary reform. In 1831, he took over parliament sponsorship of a bill to reduce the working day of children in cotton mills from 12 hours to 9. He chaired a committee that wrote a devastating report on the overwork and abuse of children in factories, and he gave a powerful speech in parliament arguing that employers and workers did not negotiate on equal terms in the labour market—so workers deserved legislative protection. Although his rotten borough was abolished by the Reform Act, and he failed to win a seat in the next election, the persuasiveness of the evidence and logic of his position led to the passage of the act in 1833 that was the first step in reducing the length of the working day. Acts in the next decades cut the length of the working day further and broadened the coverage of the legislation.

Sadler’s contribution was also important politically as a step in redefining Toryism. Ironically, the Tories, defenders of tradition, had to constantly reinvent themselves. The political creed of the 18th century—that the landed classes were the natural leaders of society and the advancement of their interests was the first task of government—was increasingly out of synch with social development, so new angles had to be found to argue that rule by the aristocracy was in the general interest. Factory legislation was a new spin on Tory paternalism, and, indeed, Sadler was hailed as the child’s defender in the North of England. Red Toryism was born.

David Copperfield and the Factory Act of 1833 were all well and good, but the working class could not rely on the upper classes to protect its interests. What it needed was the vote, and workers mobilized for it just as the middle class had mobilized against the Corn Laws. Workers had been part of the campaign to reform parliament that resulted in the Reform Act of 1832. When they were excluded from the franchise, many workers felt betrayed, and the sense of betrayal was deepened by reforms like the New Poor Law. The working class press agitated for democracy in the 1830s. A group of six MPs and six working class leaders drew up the People’s Charter in 1838, and it crystallized their demands. One radical remembered that:

There were [radical] associations all over the country, but there was a great lack of cohesion. One wanted the ballot, another manhood suffrage and so on.

… The radicals were without unity of aim and method, and there was but little hope of accomplishing anything. When, however, the People’s Charter was drawn up … clearly defining the urgent demands of the working classes, we felt we had a real bond of union; and so transformed our Radical Associations into local Chartist centres.

The six demands of the People’s Charter were: (1) universal male suffrage; (2) a secret ballot; (3) no property qualification for being an MP; (4) payment for MPs so workers could serve; (5) equal sized constituencies; and (6) annual elections. Huge public meetings were organized in support of the Charter. It was presented to parliament in 1839 with supporting petitions signed by 1.3 million people, but parliament voted not to consider it.

In response, the ‘physical force’ chartists turned towards violence. Arms were collected, groups drilled. In 1839 chartists marched on the Westgate Hotel in Newport in the hope of sparking a national insurrection. In a confrontation with soldiers, more than twenty chartists were killed, many were wounded, and the rest fled (see Figure 15).
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15. Detail of the Newport rising.



Armed confrontations occurred for several years, but they were always defeated, and the ringleaders punished.

The core of the protest remained peaceful. Under the leadership of Fergus O’Connor and his newspaper The Northern Star more mass meetings were held, the Charter was again sent to parliament in 1842, this time with more than three million signatures, and was again rejected. Hundreds of chartists were arrested and convicted, although the prosecution of the fifty-eight most prominent leaders failed.

Peaceful chartists continued to protest and physical force chartists to drill. Some chartists contested elections and Fergus O’Connor was elected to parliament in 1847, the only one to succeed. In 1848, hundreds of thousands of chartists marched on London to present the Charter, signed again by millions, once more to parliament. The State mobilized a vast force to stop them, but there was no violent confrontation. Parliament again rejected the petition. Agitation continued through the 1850s without success.

1846-67

Between 1846 and 1867, the economic situation in Britain fundamentally changed. As Figure 2 and Boxes 5 and 6 showed, the wage stagnation that characterized the first half of the 19th century ended, as average consumption per head in working class families rose by 42 per cent. This was the period in which machine production replaced handicraft methods across the economy. At last, high productivity jobs were being created at a faster rate than low productivity jobs were disappearing. These changes underpinned the rise in wages.

The politics of the period saw further advances of the middle class goals of competition and reward for achievement. Free trade in manufactured goods, for instance, was realized with the abolition of the Navigation Acts in 1849. Working class activism shifted away from chartism to trade union organization. These unions were more concerned with negotiating higher wages and better working conditions than with radical reform. The London Trades Council was established in 1860 and the national Trades Union Congress in 1868. A Royal Commission on Trade Unions in 1867 endorsed them as beneficial to employers and employees, and they were legalized in 1871. Nevertheless, unions did not have enough members to explain the general rise in wages that occurred between 1846 and 1867.

Three events occurred in 1867 that marked the end of the Industrial Revolution. First, Marx published volume 1 of Capital, which gave his explanation for why capitalism would never generate rising real wages even though it did lead to economic growth. Marx was born in 1818, and his view of capitalism was formed when he was around 20 years old. At that time the average real wage was flat, and the hand trades were in crisis. He took that to be the norm and developed an explanation that fitted that period. Second, Baxter estimated the national income for 1867, and his figures show that real wages had risen dramatically in the previous two decades. Wages were rising because the old handicraft mode of production had finally been destroyed by the machine mode. Marx was so intent on penning Capital that he missed this. Third, one group that had not missed the change was the ruling class. As the real wages of workers rose, they acquired—for the first time—a stake in the system. Their politics shifted from revolution to what would become known as social democracy. It was, therefore, safe to allow them to vote. Disraeli, the first conservative prime minister since Peel, extended the franchise to skilled workers in 1867. The Industrial Revolution was finished.


Chapter 6

The spread of the Industrial Revolution abroad

The Industrial Revolution may have ended for Britain in 1867, but it had only just begun for western Europe and the USA and was still a future prospect for the rest of mankind. Its spread is charted by Figure 16, which shows the shares of world manufacturing output produced in different regions.
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16. Percentage shares of world manufacturing output, 1750–2013.



These figures are fragile, especially for the early years, but the great industrial revolutions stand out clearly.

In 1750, the biggest manufacturing economies were China and the Indian subcontinent (today’s India, Pakistan, and Bangladesh). These were also the most populous countries, and that was no coincidence. Inter-continental trade included few manufactures, so a region’s production equalled its consumption. Since per capita income was broadly similar, so was per capita consumption of manufactures. Manufacturing production was, therefore, greatest where population was greatest. For the same reasons, British production of manufactures was less than 2 per cent of the world’s total.

The situation changed dramatically due to the Industrial Revolution in Britain. By 1880, Britain’s share of world manufacturing reached its peak value of 23 per cent. In contrast, the Indian and Chinese shares dropped to about 2 per cent each and remained at similarly low values until late in the 20th century. These drops were not just relative but represented absolute de-industrialization as British imports destroyed the indigenous Chinese and Indian manufacturing industries. The growth of manufacturing output in Britain during the Industrial Revolution came at the expense of the manufacturing industries of the ‘third world’.

Not all countries experienced this fate. Western Europe’s share of world manufacturing increased from 12 per cent in the 18th century to 28 per cent in 1913—a second industrial revolution. Even more dramatic was the rise of North America, principally the USA. From less than 1 per cent of world manufacturing in the 18th century, the North American share reached a peak value of 47 per cent in 1953. This was an even greater industrial revolution than Europe’s. The growth of manufacturing output in western Europe and North America reduced Britain’s share of the world total substantially.

Two other regions experienced industrial revolutions in the 20th century. One was the countries that comprised the USSR. The Russian Empire had produced 5 per cent of world manufactures in the 18th century, and the Soviet five-year plans pushed the USSR’s share of manufacturing up to 15 per cent in the 1980s. With the collapse of communism, the region’s manufacturing share crashed to only 3 per cent.

The other region that experienced rapid industrial development in the 20th century was East Asia (Japan, Taiwan, and South Korea). The East Asian share dropped from 4 per cent to 2 per cent in the early 19th century, but then increased to 5 per cent, as Japan built up a modern industrial sector in the first half of the 20th century. The economy of the region was destroyed in the Second World War, but rapid growth resumed first in the 1950s in Japan and later began in Taiwan and South Korea. By 2006, these countries were producing 17 per cent of the world’s manufactures.

The final industrial revolution is China’s, and it is a very recent phenomenon. In 1953, just after the communist revolution, China’s share of manufacturing (2 per cent) was at its all time low. By 1980, it had been pushed up to 5 per cent, and it continued to rise reaching 9 per cent in 2006. Subsequent growth has been very rapid and off a very high base, so China’s share hit 25 per cent in 2013. China is now the leading manufacturing economy in the world.

But China is exceptional. Despite much excitement about rapid growth in other countries, their shares of manufacturing output have not advanced. The Indian subcontinent, for instance, produced 2 per cent of the world’s manufactures in 1973 and only 3 per cent in 2013. The ‘rest of the world’, which includes Latin America, Africa, the Middle East, much of eastern Europe, south-east Asia, Australia, and New Zealand, managed to raise its share of world manufacturing from 13 per cent in 1973 to 21 per cent in 2013. This advance is not inconsequential but is not in the same league as the industrial revolutions discussed.

Therefore, the major historical question is: why did some countries have industrial revolutions while others did not?

Globalization and technology: the economics of de-industrialization

The British Industrial Revolution differed from all that came after for two reasons.

First, the British Industrial Revolution was unplanned; indeed, it was unimaginable before it happened. All subsequent industrial revolutions were planned in the sense that countries adopted policies that they hoped would lead to industrial development. Second, all subsequent industrial revolutions have had to contend with the presence of an industrial power that exported at very low cost the manufactured goods they hoped to produce. Would-be industrializers had to meet that challenge—somehow. Indeed, their situation was even more dire. A country that failed to meet the British challenge did not just stand still—it fell behind; in other words, it was de-industrialized.

The economics are clear in one of the earliest cases of de-industrialization—that of India in the early 19th century.

The British Industrial Revolution took place in a world that was becoming increasingly globalized. The establishment of the sea route from Europe to India cut the real cost of shipping and made it possible for the various East Indies companies to profitably export cotton cloth from India to Europe. English producers tried to imitate these cloths.

Since British wages were much higher than Indian wages, British producers had to invent labour saving machinery to sell anything but the coarsest yarn. The spinning machinery greatly increased British competitiveness in cotton textiles, but it conferred no benefit on producers in India or, indeed, on the continent since their wages were so low that machines did not pay. With machines, it was relatively cheaper to produce cotton cloth in Britain than in India, whereas previously the reverse had been true. The theory of comparative advantage predicts that Britain would increase its export of cotton, while India would import cotton cloth rather than exporting it. Britain, in other words, would industrialize, while India would de-industrialize. That is, of course, what happened.

Comparative advantage arguments are abstract. We can see how the incentives changed by studying the evolution of prices in Britain and India. In the late 18th century, the prices in Britain of both English and Indian cloth were much greater than the price of Indian cloth in India, which is why India exported to Britain. By 1820, however, the prices of both cloths dropped sharply in Britain as technological progress cut British production costs, and the falling price of English and Scottish cloth pulled the Indian price down with it.

By 1820, the English price was lower than the price of Indian cloth in India. The structure of trade reversed as Indian cloth exports ceased, and the country began to import British cloth. The result was the de-industrialization of India. It led William Bentinck, the Governor-General of India, to his famous remark: ‘The bones of cotton weavers are bleaching the plains of India’.

India’s comparative advantage shifted from manufacturing to agriculture, and this change shows up in the prices of raw cotton. At the beginning of the 19th century, the price was much higher in Liverpool than in Gujarat. The gap declined as shipping costs fell (globalization in action!), and the real price of cotton rose slowly in India. This price rise led to an increase in cultivation and exports. The underlying economics were clear to contemporaries. The British MP John Brocklehurst asserted in 1840 that ‘the destruction of weaving in India had already taken place … India is an agricultural rather than a manufacturing country, and the parties formerly employed in manufactures are now absorbed in agriculture’.

The story of cotton manufacturing in India is a microcosm of the history of Asia and Africa in the 19th century. By the 20th century, their manufacturing sectors had been destroyed by competition from factories in Britain and later western Europe and the USA. The economies of Asia and Africa were re-oriented to produce and export agricultural products. When development economists surveyed these regions in the 1960s, they assumed that this economic structure was ‘traditional’. It was anything but. ‘Underdeveloped countries’ in the 20th century were made—not born. They were the products of 19th-century globalization and the industrialization of the West.

Catching up in the 19th century: the standard model in the USA

The first question is why the same fate did not befall western Europe and the USA. The answer is that they followed a set of policies comprising the standard 19th-century model of economic development. The model was developed in the USA since the issue was so pressing for the new Republic. In the colonial period, the USA was effectively in a free trade union with Britain and exported agricultural products and imported manufactures. The USA was de-industrialized from the start. How could it break out?

The first step to an answer was creating a government with enough power to act. In the 1780s the states were united in a loose confederacy with limited powers. The USA constitution that came into force in 1790 was intended to create a national government that was strong enough to develop the country. The constitution itself was the first step in that direction, for it abolished the tariffs that the states had imposed on each other’s products, thus creating a large domestic market. In his famous Report on Manufactures (1791) Alexander Hamilton, the first treasury secretary, outlined policies that were eventually adopted, including transportation improvements to integrate the domestic market; a national bank to stabilize the currency and insure credit for investment; and a tariff to protect American industries against British competition. These policies were dubbed ‘the American system’ by US senator Henry Clay, and they form three of the four elements of the standard model.

The final element was mass education. The white population of the USA had been highly educated during the colonial period, and the school system was strengthened in the new republic. The Common School Movement in the 1830s led to systems of publicly financed schools focused on assimilating the masses of immigrants by preparing them for industrial employment. Together these measures—create a national market by abolishing internal tariffs and building transportation infrastructure, establish a banking system to promote investment, erect tariffs to protect industry from British competition, and institute mass education to prepare the population for a commercial economy—became the standard model of economic development in the 19th century.

The standard model was put into practice soon after the Constitution came into force.

The federal government built roads like the Cumberland road that connected the east coast to the midwest in 1811–16, and New York State built the Erie Canal between the Hudson River and the Great Lakes in 1817–25. The First and then the Second Banks of the United States were chartered in 1796 and 1816. A protective tariff was also erected in that year in response to peace in Europe, the previous decades of warfare having provided American manufacturing with some protection.

While the Bank of the United States was ultimately destroyed by President Andrew Jackson in the 1830s, the other elements of the standard model were repeatedly reaffirmed. Canals, roads, railways, airports, highways, and super highways have always been constructed by governments or with government support. The educational system has been continuously expanded. The USA maintained very high tariffs, which were controversial in the first half of the 19th century, until the 1960s when it was so preeminent in manufacturing that trade liberalization seemed a better way to secure markets than protection.

America industrialized within this policy context. Industrialization was not difficult once the policy parameters were in place. Wages in America were very high, and that meant that British factory technology was the appropriate technology for the USA. Technology transfer was effortless from the start. By the 20th century, the USA became the world’s high wage economy and an important generator of technology. What it invented suited its circumstances. It was other countries that had a problem adapting American technology to their circumstances.

The standard model in Europe

The situation was different on the continent. In the early years of the Industrial Revolution, British technology did not pay since labour was cheaper relative to capital in France or Germany, for example, than it was in Britain. Consequently, hand techniques were more cost effective than Britain’s factory technology. Western Europe was in danger of going the way of India.

Manufacturing development did not get underway on the continent until after Napoleon’s defeat in 1815. Napoleon had prepared the ground, however, by spreading the reforms of the French Revolution across Europe. These included the abolition of serfdom, expropriation of monastic property, a new legal system (the Code Napoléon), equality of all citizens before the law, the abolition of internal tariffs, modernization of the tax system, the extension of education, and the promotion of science and learning. The French imposed these changes where they ruled, and other countries like Prussia that were defeated but remained independent adopted variants themselves.

In addition to the legal changes, the commercial prospects of factory spinning and steam power were much brighter than they had been in the 1780s because British engineers had been busy making the machinery more efficient. As modern technology became more productive, it undercut hand methods no matter how cheap the labour had been, and that point was reached in western Europe after Waterloo. In the cotton industry, progress was very rapid. Hand spinning had employed 2,500 workers per 1,000 spindles in the 1760s. Arkwright mills cut that to about ninety workers in the 1780s, and by the 1820s British mills employed sixteen workers per 1,000 spindles. It took time, however, to train a workforce, so newly built French mills in the 1830s were employing more workers than British mills—24 per 1,000 spindles—even when they were using modern machinery. These mills were good enough to undercut women using spinning wheels, but they were not efficient enough to compete against British imports in a free trade environment. It was the same situation in Germany. What to do?

Tariffs were clearly needed but were not enough on their own. The whole standard model was required. It was popularized in Europe by Friedrich List’s The National System of Political Economy (1841). List was a political refugee in the USA in the late 1820s and was influenced by Alexander Hamilton and the results of his policies. Germany provides a good example of the American system in Europe. Similar policies were pursued in France and elsewhere. The Congress of Vienna left Germany divided into thirty-eight states in 1815. Prussia was the largest and its territories were scattered across Germany. To facilitate trade among its regions, it sponsored the Zollverein (Customs Union) with intervening states in 1815. More states joined in the next decades, and the customs union because the basis of the German Empire in 1871. The Zollverein both created a large domestic market by abolishing tolls within Germany and erected a high tariff wall to keep British goods out while German firms established themselves.

Germany followed the other imperatives as well. The national market was strengthened by transportation investment. The first German railway was built only five years after the first British line, and 63,000 kilometres of track were open by 1913. Between the 1850s and the 1870s giant investment banks were established, and these funnelled capital into industry. Finally, a system of universal education was established. This had been started in the 18th century under Friedrich the Great. Indeed, the American Common School Movement was modelled on the Prussian school system.

Economic development was very rapid in Germany after 1870. A coterie of new industries was created—steel, chemicals, electricity, and automobiles are only the most famous. Many of these had a basis in science, and Germany excelled at them. The German educational system from primary schools through technical high schools and universities was more modern than Britain’s, which was held back by its undemocratic constitution. Britain only got universal primary education, for instance, after the franchise was extended to include about 60 per cent of men in the Third Reform Act (1884).

The standard model on the periphery

The standard model was also tried on the periphery but success was mixed. Mexico made half-hearted efforts. In the 1830s a protective tariff was introduced and the proceeds used to fund a small investment bank. The result was thirty-five cotton spinning mills. State tariffs were left in place, so a national market was not created, and education was ignored. The dictatorship of Porfirio Diaz (1877–1911) was more vigorous. The internal tariffs were eliminated and railways built to create a national market. Instead of banks, foreign investment was relied on for capital and to bring advanced technology into the country. Mass education was still ignored. The result was more industrial development based on foreign owned factories and foreign managers with Mexicans doing the menial work. The economic growth that resulted was not rapid enough to tighten the labour market, so real wages stagnated, all the gains from growth went to the rich, and the regime collapsed in the revolution of 1911.

The story was similar in Russia. A large railway network was built between 1870 and the First World War to open up remote parts of the country and connect them to the industrial heartland as well as the principal ports. Investment banks were not a success, so the State provided capital, and foreign investment was relied on as it was in Mexico. The Russians pursued education more vigorously than Mexico had. The result was an expansion of agricultural production and the creation of a heavy industrial sector but one that was not large enough to transform the economy. As in Mexico, the growth that was triggered was insufficient to tighten the labour markets, so real wages lagged. In Russia the revolution came in 1917.

In the Middle East and Asia the application of the standard model was constrained by imperialism. The first attempt to jump start industrialization was the effort of Muhammad Ali, who seized control of Egypt in 1811 and tried to turn it into a modern State. He nationalized the land and divided it into small peasant farms. He created a trade monopoly that bought crops from farmers and resold them in cities and abroad. The farmers were paid little, and the proceeds from exports were used to fund textile mills and munitions factories as well as Muhammad Ali’s modern army. Many Egyptians were educated in Europe and at home, but mass education was ignored. The army seized Palestine and Syria from the Ottoman Sultan, who was Muhammad Ali’s superior, Egypt being a province of the Ottoman Empire. When the Egyptians defeated the Ottomans and threatened Istanbul, the European powers intervened and forced Muhammad Ali to renounce his claims and reduce his army. In 1838, the British and the Ottoman Sultan signed the Anglo-Turkish Convention, which banned monopolies in the Ottoman Empire, thereby eliminating the fiscal basis of Muhammad Ali’s modernization programme. The first experiment in State led industrial development was over.

Nationalists in India would have liked to apply the standard model but could not. Tariffs were kept low and were strictly for revenue purposes. There were no investment banks. A railway network was built in the late 19th century, but it was laid out to deploy troops for pacification and to connect agricultural districts to ports to facilitate farm exports. Building railways was a great missed opportunity. Countries like the USA, Germany, Russia, and Japan used railway building as an opportunity to expand their iron, steel, and engineering industries, but in India all of the locomotives, rolling stock, and rails were imported from Britain. Mass education was also ignored. A factory cotton spinning industry was established in Bombay and jute mills in Calcutta. These industries were important internationally but were too small to transform India as a whole.

Japan would also have liked to adopt the standard model, and its efforts were also stymied by the imperialists. Unlike India, however, Japan remained independent, which gave it more room for manoeuvre. From the 1660s, Japan had almost totally closed itself off from the rest of the world. In the early 19th century, European powers were forcing trade agreements on Asian empires along the lines of the Anglo-Turkish Convention. In the Japanese case, the Americans took the lead when Commodore Perry sailed into Yokohama harbour in 1853 demanding that the country end its isolation and allow foreign trade. The Japanese were too weak militarily to refuse, and efforts were subsequently begun to strengthen the country. The political breakthrough occurred in 1867 when the Emperor Meiji ascended the throne. The Tokugawa shogun, who had effectively ruled the country, surrendered his powers to the emperor, who assumed control. This was not just a dynastic succession but rather a virtual coup d’état by modernizers, who set about transforming the country. Most aspects of economic, political, and social life were overhauled.

The Meiji State aimed to force an industrial revolution by adopting the modern technology of the advanced countries. Japan pursued a variant of the standard model. First, a national market was created by abolishing internal tariffs and building a railway system.

Second, a system of universal education was established. Third, a banking system was developed although it was not until the 1920s that investment banks were successfully in operation. In the meantime, the State acted as the venture capitalist. Fourth, in 1866 the imperialist powers forced a trade treaty on Japan that limited import duties to 5 per cent. Tariffs could not be used to promote industry. Instead, the State ‘picked winners’ and directly subsidized firms it sought to promote. This practice developed into ‘targeted industrial policy’. The tariff restrictions expired in 1894 and 1911, at which point the Japanese began using tariffs to promote industrial development as well. Japanese industrialization began with consumer goods like silk and cotton textiles in the 19th century and expanded to steel, automobiles, ships, electrical equipment, and aircraft in the early 20th.

While Japan could use subsidies and later tariffs to promote industrial development, these policy instruments in themselves did not guarantee that advanced technology would be employed. The problem was that Japanese wages were extremely low, so hand methods were often more cost effective than capital-intensive technology. Japan addressed the problem by cleverly redesigning equipment and plant operations to be less capital-intensive. A particularly simple change in the cotton industry was to operate the mills with two 11-hour shifts per day rather than only one as was the norm elsewhere. Capital costs were halved. By 1940, Japan had developed a sufficiently advanced industrial economy that it could imagine defeating the USA and Britain in the Pacific War.

The success of Japan highlights an important prerequisite for successful development, namely, a State with the capacity to set goals and the administrative competence to achieve them. In 1886, for instance, the decision was taken to create a system of universal primary education. This was an ambitious task and took decades to realize.

Administrative and technical competence were apparent before the Meiji restoration, and, indeed, that revolution might not have occurred without them. Thus, Nagasaki was unable to defend itself when HMS Phaeton entered the harbour in 1808 to attack the Dutch trading post because the Japanese did not possess iron cannon. The local lord appointed a team of craftsmen and savants, who translated a Dutch book describing an (outmoded) foundry in Leyden and managed to construct a copy. By 1854, they were not only casting cannon but were making replicas of modern, breech-loading Armstrong guns imported from Britain. The Meiji restoration in 1868 presupposed an advanced guard like the lord of Nagasaki committed to the modernization of the country.

Japan may have been unique in this respect. Other countries were held back by political and cultural configurations that inhibited a comparable strategy. In the 19th century, China was beset by imperialist incursions and wracked by the Taiping rebellion that was finally suppressed only by the ascendancy of regional warlords at the expense of the central government. Proposals to strengthen the country by modernizing its institutions were defeated or neutered by conservative groups whose positions were threatened by social change. They had to be swept aside before development could occur, and the overthrow of the Qing Empire in 1912 was a step in that regard. In other countries, cultural features played analogous roles. The vexed question that has obsessed Arab intellectuals since Napoleon’s invasion of Egypt in 1798 is the degree to which Islam has promoted or retarded economic development, and, if the latter, how it should be modified to facilitate progress.

Big push industrialization and the development State

In the 20th century the advantages of industrializing became even greater than previously, and, for the same reason, the challenges became more demanding. New technology requires research and development (R&D), and most R&D in the world is performed in a small number of the richest economies. Their efforts are directed to solving problems they face, so new technology is tailored to their circumstances. Over time, their wages have risen and the workforces have become more educated. The rich countries invented technology to take advantage of these characteristics of the workforce. The new technology was ever more capital intensive and raised output per worker. Eventually, the higher productivity translated into higher wages. Once an advanced economy shifted to a higher capital–labour ratio, its R&D efforts were directed to raising it even further. There was, thus, an ascending spiral of progress in which high wages led to new technology that raised output and capital per worker even further and that, in turn, led wages to go up yet again. This process continued until the late 20th century when the spiral unravelled, and real wages stagnated even as technology advanced.

Once the rich countries have moved from a low capital–labour ratio to a higher one, no country (except Japan at the outset) does further R&D to improve the low capital–labour ratio technology. Some modern technology is cost effective even in low wage countries, but not all of it. Some of it turns out to be too capital–intensive, and the lower capital–labour ratios from the past are appropriate.

From this perspective it is no surprise that the one industry in which many poor countries can compete internationally is clothing production. The key technology is the sewing machine. Treadle machines were invented around 1850, and the electric sewing machine in 1889. Nineteenth-century technology was invented when wages were much lower, and it remains the cost minimizing choice in today’s poor countries. The advanced technology that poor countries need to achieve high wages and a high standard of living does not pay since their wages and living standards are so low. They are caught in a poverty trap.

To avoid this fate, governments in the 20th century undertook more interventionist policies than simply erecting tariffs. The Soviet Union was an extreme case. Under communism all firms were State owned, and profitability was not a consideration in their operations. Central planners set output targets for the economy and for each firm, and the managers were rewarded for reaching those targets irrespective of cost. When the first five-year plan started in 1928, most of the population was underemployed in agriculture, and there was a great need to build up the capital stock. Central planning proved effective towards that end, and GDP rose rapidly until the 1980s when full employment was achieved. In this period, the USSR’s share of world manufacturing rose from 5 per cent to 15 per cent. To continue to grow, it was necessary to close down inefficient factories and transfer workers to higher productivity enterprises. Emphasizing output expansion and ignoring the cost side made this impossible. President Gorbachev abolished the planning apparatus and introduced market arrangements to overcome this problem, but the Soviet Union collapsed before these changes took effect. Manufacturing output has since plummeted. Turning to the ‘market’ was no guarantee of success.

Latin America followed a less extreme model centred on the ‘development State’. The market system was retained, while the State implemented the standard model fully and augmented it with planning and socialized enterprises. Tariffs were high, infra-structure was built, State development banks supplemented private investment, and close to universal education was achieved for the first time.

These initiatives had mixed success. On the one hand, there was considerable growth, urbanization, and expansion of manufacturing capacity. On the other hand, growth was still not fast enough to catch up with the West, and industrial productivity was low. This was due to a fundamental problem: most Latin American markets were too small for firms to realize scale economies. Argentina is a case in point. In the 1960s, the minimum efficient size (MES) of an auto assembly plant was 200,000 units per year, while MES was one million units for engine and transmission plants. Only seven firms in the world—Ford, General Motors, Chrysler, Toyota, Fiat, Renault, and Volkswagen—produced more than one million cars per year. In 1959 Argentina introduced the requirement that 90 per cent of the value of cars sold in the country be made locally. However, at the time, the Argentine market was only 50,000 vehicles per year. Although the market grew to 195,000 in 1965, it was still far too small for Argentine firms to reach MES. As a result, the productivity of automobile production in Argentina was only 40 per cent of that in the leading economies. Scale problems pervaded the manufacturing sector in Latin America, and the low productivity that resulted contributed to the region’s poor economic performance.

The poor performance of development States in Latin America, in India after independence in 1947, and elsewhere led many to shift their hopes for development from interventionist States to the ‘free market’. This approach was epitomized by the so-called ‘Washington consensus’ with its trinity of stabilization, liberalization, and privatization.

Macroeconomic stabilization was supposed to increase investment, while the liberalization of trade by abolishing tariffs and quotas and the privatization of State owned firms and agencies were supposed to increase competition. Privatization and liberalization received some support from a related strand of argument that contended that competition between businesses was a source of high productivity since only efficient firms could survive in a competitive environment. State protectionism and trade impediments may reduce efficiency by sheltering inefficient firms from competition. The IMF has been particularly vigorous in restructuring the countries to which it lends along neo-liberal lines. While proponents of neo-liberalism can point to some favourable outcomes—Chile is frequently cited—the Washington consensus has been far from an unqualified success.

An underlying reason that the standard model worked less well after 1950 than it had a century earlier was the evolution of technology. In the middle of the 19th century, an efficient factory was much smaller than it is today. In the 1850s, for instance, an efficient blast furnace produced 5,000 tons per year, while the MES of a rolling mill was 15,000 tons of rails per year. The USA consumed about 800,000 tons of pig iron and 400,000 tons of rails, so there could be many efficient sized mills in the country. Even if consumers suffered from high prices, the high tariff policy did not generate an inefficient industrial structure. The situation in the second half of the 20th century was very different.

After World War II, Japan followed another variant of the development State model that was more successful and turned the country into a great manufacturing nation. Wartime destruction was total. Steel production fell from a peak of 7.7 million tons in 1943 to half a million in 1945 and rebounded to five million in 1950. At the time, MES for a steel mill was one to three million tons, and most Japanese mills were smaller with the result that steel cost 50 per cent more in Japan than in the USA. The Japanese economy was supervised by the Ministry of International Trade and Industry, and it restructured the industry to create larger mills. Japan, thus, reversed the technology policy of the Meiji era when it re-engineered foreign technology to fit Japanese factor prices. Instead, the aim became to install the most advanced technology possible and wait for the factor prices to catch up. By the 1960s the MES of a steel mill reached seven million tons, and Japan built mills of that size on greenfield sites.

Similar choices were made in automobile production, shipbuilding, electronics, and consumer durables.

Who was going to buy all of that production? A large fraction was exported to the USA. Japan benefited from two features of the post-war era. First, the USA was the world’s pre-eminent manufacturing nation and felt its interests were better served by opening up foreign markets, so the high tariff policy begun in 1816 was abandoned in favour of trade liberalization. Second, Japan was particularly favoured during the Cold War. The USA regarded Japan as its outpost against communism in East Asia, and that gave Japan more scope for exporting to the USA. The export orientation of Japanese industry meant that it had to compete against highly efficient foreign producers, and those competitive pressures helped boost Japanese productivity. Access to the American market solved the scale problem for Japanese industry and underpinned its spectacular manufacturing boom. The collapse of the Rust Belt in the USA was the flip side of the East Asian Miracle.

The American market was crucial but it was not enough on its own to absorb all of Japan’s manufacturing output. The domestic market had to expand as well. The employment practices of Japan’s large firms played a big role. Seniority wages, lifetime employment, and company unions meant that Japanese workers earned high wages and could buy the cars and stereos that were not exported. Wages in the fringe of small firms supplying the main enterprises also rose as the labour markets tightened. There was a rapid rise in real wages in Japan between 1950 and 1990 that led to Western style prosperity and validated the technological choices that had been made.

China is in the midst of an industrial revolution right now. After the victory of the communists in the revolution of 1949, a Soviet style central planning system was created. Some basic industries were built up in the 1960s and 1970s—steel production grew from 1 million tons per year in 1950 to 32 million in 1978—but the rate of economic growth was not exceptional, and China’s share of world manufacturing only grew from 2 per cent to 5 per cent between 1953 and 1980.

China’s rate of economic growth increased in the 1980s, and this is conventionally attributed to the market oriented reforms introduced by Deng Xiaoping in 1978. So far as manufacturing is concerned, the first major reform was the directive to local cadres in the countryside to establish town and village enterprises (TVEs) to produce consumer goods that were sold on free markets. Chinese farmers had traditionally engaged in by-employments, and the TVE was a socialist reactivation of that capability. Since the planners had emphasized the development of heavy industry, there was a great shortage of consumer goods, and TVEs met that demand. Employment in TVEs jumped from twenty-eight to 135 million between 1978 and 1996, and their contribution to GDP rose from 6 per cent to 26 per cent. Market relations were introduced into the heavy industrial sector in the 1980s, when plan procurement targets were frozen, and increases in output were sold on markets. In 1992, the fourteenth Congress of the Communist Party resolved that a socialist market economy was the objective of reform.

With this goal in mind, Chinese industries have been remodelled in a Western manner.

Businesses are organized as corporations rather than ministerial departments. Capital investments are undertaken by the corporations rather than a planning authority, and the investments are financed by banks. There are markets in which products, materials, and labour are bought and sold. Prices vary in response to supply and demand, firms make profits or losses, and firms that cannot succeed go out of business. In some sectors foreign firms compete with Chinese firms.

It looks like capitalism—but is it really? Many of the banks and corporations are State owned, especially in priority sectors where private firms are not permitted. Five-year plans are still being written. The State Planning Commission has been replaced by the National Development and Reform Commission, which still sets targets and supervises firms. In the case of the steel industry, for instance, all of the firms are State owned and all are financed by State owned banks. There is a five-year plan for the industry, which specifies capacity, plant location, mergers, and acquisitions. To avoid having to pay high prices to foreign mining companies that supply much of the ore, the current plan calls for small firms to be eliminated, so that the industry can collude more easily, and the Chinese government is buying shares in the foreign suppliers. Between 2000 and 2013, Chinese steel output grew from 127 million tons (15 per cent of the world total) to 823 million tons (50 per cent of the world total). Almost all of the increase in world production in that period was due to expansion in China. Success was due to planning in a socialist market, not conventional capitalism. Planning, now working through the market, guided the development of other important industries as well—photovoltaics, high speed trains, and so forth.

The economy was directed by planning in other respects. Infrastructure and education (two important areas addressed in the standard model) were under direct State control. Macro-economic variables that influenced the markets were chosen with development objectives in mind. The exchange rate was intentionally undervalued. This both acted like a tariff to protect Chinese firms and an export subsidy to increase the foreign demand for their products. Current planning initiatives are aimed at increasing domestic demand for consumer goods to shift the economy away from exports and increase living standards rapidly.

Comparing China to the USSR is instructive. China has retained the parts of central planning that were effective while jettisoning those that proved counterproductive. Planning investment was the one part of the Soviet system that worked well. Guiding firms with output targets and ignoring costs was arguably productive in the 1930s but became counterproductive by the 1980s. The Chinese reforms have replaced targets and soft budget constraints with market socialism. Much investment is still planned. Combining competition with planning may have allowed China to escape the contradictions of Soviet communism.

The future of the industrial revolution

Does the industrial revolution have a future? No major country has gotten rich without industrializing. Many countries remain poor, so we must hope they will industrialize too. China is now becoming the source of cheap manufactured goods, and the industrializers of the future will have to compete against it, just as each industrializer in the past has had to compete against its predecessor—the USA against Britain; Japan against the USA; and so forth.

The spread of the industrial revolution from one poor country to the next also affects the rich countries. As a new industrial power emerges, the developed countries have found that they cannot compete against its cheap products either. As a result, the industrial sectors of rich countries have contracted, and their economies have become more service oriented.

Which country will follow China in having the next industrial revolution? Stay tuned as history unfolds …
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