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Abstract 
 
The Industrial Revolution and the Demographic Transition are the two great 

forces that explain the upward march of modern incomes.  This paper sets out 

the empirical realities attempts to unify these events through theories of human 

capital investment have to meet.  The major difficulty is to form an explanation 

which connects them which can also reconcile the seeming differences in 

fertility behavior over time and in cross section in the pre-industrial world, the 

transition period, and the modern world.  (JEL:  J1, N3, O4). 

 

1.  Introduction 

Before the Industrial Revolution four features characterized all societies: 

high fertility rates, little education, the dominance of physical over human 

capital, and low rates of productivity growth.  In modern high income countries 

we observe the opposite: low fertility, lots of education, human capital as an 

important a source of income, and high rates of productivity growth.  These 
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conjunctions suggests there must be a connection between the decline of 

fertility, the rise of human capital and the onset of modern growth.   

We see exactly this transition between society types in Industrial 

Revolution England.  TFP growth rates in the eighteenth century were less than 

0.1% a year, typical of the pre-industrial world.  Soon after 1800 rates of 

productivity growth rose much closer to the modern level of 1% or more per 

year in a very short period.  In England the average women gave birth to nearly 

5 children all the way from the 1540s to the 1890s.  Figure 1 shows the gross 

reproduction rate (GRR), the number of daughters born per woman who lived 

to 50, by decade.  In the England 10-20% of each female cohort remained 

celibate.  Thus for those who married the average number of births per woman 

was close to 6.  The “demographic transition” to modern fertility rates began 

only in the 1890s.  By the 2000 English women gave birth on average to less 

than 2 children. 

 

Figure 1: English Fertility History, 1540-2000 

 
Notes:  GRR = Gross Reproduction Rate.  NRR = Net Reproduction Rate. 

Sources:  Wrigley et al. (1997), p. 614.  Office of National Statistics, UK.  



 Since pre-industrial child mortality rates were high, however, the Net 

Reproduction Rate (NRR), the number of daughters per woman who lived to 

childbearing years themselves, fell much less.  Figure 1 shows the NRR for 

England.  Normally the NRR would be a small amount above one in the 

Malthusian era.  England in 1540-1800 thus had an unusually high NRR for a 

pre-industrial society.  Note that the GRR and NRR both rose in the course of 

the Industrial Revolution, whose onset is traditionally taken as in the 1760s. 

 Education levels did increase in England over the Industrial Revolution 

years.  Figure 2 shows a measure of very basic literacy, the fraction of men and 

women able to sign their names on witness statements or marriage registers.  

Compare figure 2 to figure 1 there is little or no connection between changes in 

literacy rates and changes in fertility.  Most of the fertility transition occurred 

after the attainment of near universal literacy. 

 

 

Figure 2: Literacy in England, 1580-1920 

 
Sources:  See Clark (2004a). 

 



2.  Income and Human Capital 

What triggered the switch to the modern equilibrium with smaller 

numbers of children and large amounts of human capital?  The first possibility 

is the general rise of incomes.  This would imply the demographic transition 

was merely an echo of the Industrial Revolution.  Figure 3, for example, shows 

the hourly real wage of building workers in England from 1200 to 2000.  Real 

income gains were actually modest in the classic Industrial Revolution period.  

Only after the 1860s did real wages begin to rise rapidly.  And only after the 

1860s did fertility decline substantially.  In the modern world there is a strong 

negative fertility-income relationship across countries.  

 
Figure 3: Real Day Wages of Building Workers (1860-9 = 100) 

 
Source: Clark (2004a). 

 We also see in late nineteenth century England during the demographic 

transition a negative association between higher social class (a proxy for 

income) and numbers of children.  The estimated of numbers of children 

present in households by the occupation of the male household head is lower 

for the professional classes than for laborers. 



The problem with explaining the fertility transition through income is that 

all plausible models of population regulation for the pre-industrial world 

depend on a positive association between NRR and income for some range of 

incomes.  Information on fertility compared to income is rare for the pre-

industrial world.  But Clark and Hamilton (2004) infer the connection in 

between fertility and income circa 1600 from wills of male testators in pre-

industrial England.  The numbers of surviving children and the total value of 

bequests can be estimated for each testator.  Figure 4 shows the average 

numbers of surviving children per testator for each bequest class.  A man 

bequesting less than ₤10 would typically leave two children, while one 

bequesting more than ₤500, four children.  Assets, undoubtedly correlated with 

income, predict survivors.  Thus in pre-industrial England there was a positive 

association between income and net fertility over a wide range of incomes.   

 
 

Figure 4: Surviving Children by Assets of Testator, England, 1585-1636 
 

 

Source: Clark and Hamilton (2004). 



 This positive association between fertility and income seemingly becomes 

negative in the period of the demographic transition.  But in modern high 

income low fertility societies there seems to be no association between income 

and fertility.  A recent study of female fertility found on average no association 

between household income and fertility, measured as the numbers of children 

present in the households of married women aged 30-42, for both 1980 and 

2000, for the six countries Canada, Finland, Germany, Sweden, the UK, and 

the USA (Dickmann (2003), Table 2).  This suggests that the income-fertility 

relationship within societies changed dramatically over time.  But note that in 

England around 1900, the only period with a clear negative relationship, the 

fertility data is for gross fertility.  Given high child mortality rates in these 

years (evident in figure 1) it may be that in all the cross sections there is no 

decline of net fertility with income. 

 

Figure 5: The Fertility Income Relationship 

 

Note:  The subsistence level of income is portrayed as w* = 1. 



Thus the relationship between net fertility and income as we move from 

the pre-industrial to the modern era seems as portrayed in figure 5.  The very 

different behavior of the link between income and fertility in cross section in 

the pre-industrial era, the era of the fertility transition, and recent years makes 

constructing a link between fertility and income challenging.   

One basic idea, implemented in a number of ways, is the following.  

Suppose we were to posit the utility of the parents in goods and children is a 

function of the form  

    βα
ttt ncV = ,        (1) 

where c is parental consumption and n is the number of children.  The most 

natural assumption is that the cost of each child is a constant fraction of 

parental consumption, or that each child has a fixed time cost.  Both these 

assumptions lead to the conclusion that fertility levels are independent of 

parental income (assuming income comes from wages). 

To get parents choosing less children at higher incomes we can elaborate 

(1) into a utility function where parents also care about the utility of their 

children, 

    γβα )( 11 ++= ttttt yVncV ,     (2) 

Yt+1 is the income of the children.  Suppose also that the income of the children 

depends on the investment in human capital, so that 

    )( 11 ++ = tt HGy ,       (3) 

where Ht+1 is investment in human capital per child.  If G(H) > 0 then parents 

may choose to spend extra income, not in more children, but in higher quality 

children.  We can then explain the negative income-fertility relationship in the 

modern world by positing an increased dependence of child income on human 

capital, and hence a preference for fewer higher quality children.   



But in this case, why does fertility increase with income in the pre-

industrial world?  Various authors have explained this in different ways.  The 

first is to assume a minimum consumption level that parents have to achieve 

before they produce children (Galor and Weil (2000), Galor and Moav (2002)).  

The second is to assume children require a minimum consumption transfer 

(Lucas (2000)).  The third is to assume that human capital is not productive in 

pre-industrial society, so that the utility function of the family is some variant 

of (1) before the Industrial Revolution. 

All of these explanations for the positive association of fertility and 

income in the pre-industrial world are hard to reconcile with the empirical 

realities, because income distribution was as unequal in the pre-industrial 

world as in the modern world.  There is no evidence that very high income 

families in the pre-industrial world, those beyond any conceivable peak in the 

fertility-income curve shown in figure 8, displayed any reduction in Gross or in 

Net Fertility Rates.  In figure 6, for example, the richest testators, those with 

net fertility double those of the poorest testators, had average estimated assets 

of more than ₤900.  This means their asset income alone was about triple the 

wage income of an artisan.  They were certainly wealthy even relative to 

agricultural laborers in 1911.  Yet by 1911 the gross fertilities of all groups in 

England had begun to decline.  There is no evidence at present that the rich of 

the pre-industrial world, people who would have moderate incomes by today’s 

standards had fertility rates in any way close to those of the modern world. 

Another problem with income as the driver of fertility is that it makes 

gains in human capital a consequence of the Industrial Revolution and not a 

cause.   We would thus be left trying to explain the productivity upsurge of the 

Industrial Revolution by other means.  The third problem is that we cannot 

explain the evidence of rising human capital in the years before the Industrial 

Revolution as a consequence of income gains.  It leaves unexplained the gains 



in human capital that clearly preceded income gains in the Industrial 

Revolution. 

 

4.  Human Capital Externalities   

 Another mechanism which might explain both the rise in human 

capital, the decline in fertility, and the Industrial Revolution, would be 

an increase in the premium paid for human capital in the Industrial 

Revolution era.  Suppose, for example, there is a positive externality from 

human capital.  The wage gains from individual’s investments in human capital 

depended positively on average investments in human capital.  That is, 

    ),(
_

11 HHGy tt ++ = ,        (4) 

where⎯H is the average level of human capital.  Now there is possibly a 

low-level pre-industrial equilibrium where earnings and the benefits 

from investing in human capital were both low.   

In most settled pre-industrial economies the bulk of labor demand was for 

agricultural work where levels of human capital were low.  The typical 

agricultural laborer in the nineteenth century in England, for example, achieved 

their maximum wage by age 20.  Earnings were flat after this until they 

declined after age 60 (Burnette (1999)).  In such an economy, it is argued, 

parents would favor quantity over “quality” in children.  This idea is expressed 

in Becker, Tamura and Murphy (1990), and also in Galor and Weil (2000). 

However, for this explanation is to be compatible with the individual 

incentives, the gain to children’s earnings from investment in their human 

capital before the Industrial Revolution have to be low.  In fact we find in 

England, and in a variety of other pre-industrial economies, that rewards to 

human capital that were higher than the modern economy!  We have, for 



example, the skill premium in the building industry: the ratio of the wages of 

craftsmen to building laborers (Clark (2004a), van Zanden (2004)).  Figure 5 

shows the wages of craftsmen relative to laborers by decade from 1200.  

  

Figure 5: The Skill Premium for Building Workers 

 
Source:  Clark (2004a). 
 

 

The period 1600-1900, when literacy rates increased markedly, was one 

where the skill premium was constant.  After 1900 when fertility rates fell it 

was in a labor market where the premium for skills also declining markedly.  

Thus the general result seems to be that gross fertility is highest where the 

premium for skills in the labor market is greatest.  This strongly suggests that a 

demand interpretation of fertility decline will not work either in England, or as 

a general explanation of the fertility transition. 

 

4.  The Supply of Human Capital 

 Since the expansion of human capital first occurred when the return to 

human capital was constant the gains of the Industrial Revolution era were 



more plausibly from supply shifts than demand shifts.  Galor and Moav (2002) 

posit that the supply shift was created by Darwinian competition in the pre-

industrial economy between families with different tastes for child “quality.”  

In the Malthusian world each family can have a NRR only slightly above 1.  

But these “high quality” families do better.  In Galor and Moav’s formulation, 

however, this is because there is a minimum consumption constraint.  High 

quality types produce offspring who, because of their greater human capital 

and hence higher incomes, can afford to have more children.  Thus when 

incomes are close to subsistence they out-produce the “low quality” types.    

 It is correct that in all pre-industrial societies, because of the Malthusian 

constraints on population, different parenting characteristics potentially had 

differential reproductive success.  Interestingly in pre-industrial England this 

selection mechanism was largely through economic competition. Here, in 

contrast to hunter gatherer groups and many settled agrarian societies, the 

major source of death was not violence, but disease.  From 1200 to 1800 

typically less than 2% of male deaths were caused by violence in England.  

Males in England thus gained resources by economic competition, and 

associated with these gains were higher net fertility rates. 

 Thus prior to the Industrial Revolution England experienced 600 years 

where reproductive success was dictated largely by economic competition.  

This competition had shaped a society which had a number of characteristics 

that distinguished it from most pre-industrial societies.  Included were very 

high levels of labor input to productive activities, and a low rate of time 

preference which resulted in low interest rates (Clark (2004b)).   

 All this can explain the upward drift in the amounts of human capital long 

before the Industrial Revolution evident in figure 2.  Through interactions and 

externalities it can also perhaps explain the Industrial Revolution itself.  But we 

are left with the conundrum of declining net fertility post 1890.  If the 



economic system prior to the Industrial Revolution selected those with a 

tendency to use higher incomes to achieve greater net fertility, why did all this 

change in the 1890s?   Galor and Moav (2002) assume that rising benefits from 

investment in human capital lead to a reallocation of expenditure from numbers 

to quality.  But even those with relatively high levels of human capital in the 

seventeenth century had higher levels of net fertility. 

 

5.  The Earnings and Status of Women 

 Plausibly the Industrial Revolution increased the relative earnings of 

women.  Most labor in the pre-industrial world involved mainly the supply of 

power through human muscles.  Men have an advantage here.  Women’s 

earnings in pre-industrial agriculture in England were thus typically only 40-

60% those of men (Clark (2003)).  But in the modern world workers supply 

almost exclusively dexterity and cognitive skills, where men have no 

advantage.  The average earnings of women have greatly improved relative to 

those of men in the last 50 years. 

 If women, as a consequence of their low relative earnings before the 

Industrial Revolution, did most child rearing, then the rise in relative female 

earnings could explain declining modern fertility.  Galor and Weil (1996) 

develops such a model formally.  The puzzle for historians has been, however, 

that female labor force participation seems to have declined in countries such 

as England when real wages began to rise in the late nineteenth century.  Thus 

the 1851 census in England ascribes an occupation to 25% of married women.  

By 1901 the census categorizes only 13% of married women as employed and 

by 1931 a mere 10%.  Marital fertility declines just when married women are 

withdrawing from the labor force, in part because the Industrial Revolution 

moved most industrial occupations out of the domestic setting into factories. 

Goldin (1990) reports a similar effect for the USA. 



Further, in England in 1851 female participation in different regions is not 

well explained by relative wages.  In the northern Industrializing areas women 

constituted more than 30% of the hired farm labor force in some counties, 

while in the more rural south women were less than 5% of hired farm labor in 

many counties (Clark (2003)).  Yet the wages of female farm workers were 

lower relative to male farm wages in the north.  High labor force participation 

in the Industrializing north reflected a shift in female labor supply, not changes 

in demand.   

 A striking feature of figure 2, however, is the coincidence of the rise in the 

literacy of women in England and the onset of the demographic transition.  

Suppose we were to take literacy rates for women as an index of the relative 

status and power of women in household decision making.  Also assume that 

the numbers of children desired by women was always significantly less than 

for men in a world where early childcare was the province of women only.  

Finally assume the rising relative status of women, like female literacy, spread 

down through the social classes from the upper classes first.   

These assumptions could explain why net fertility falls after the late 

nineteenth century even though in cross section in the sixteenth century and in 

2000 there is either a positive connection between income and net fertility or 

no connection.  They could also explain why the demographic transition 

appeared first in the higher socio-economic status groups, so that net fertility is 

negatively related to income in the transition period.   

 

6.  Conclusion 

 The Industrial Revolution and the Demographic Transition are the two 

great forces that explain the upward march of modern incomes.  So far they 

have stood as independent phenomena, the Industrial Revolution not leading in 

England to any decline in fertility till over 100 years later.  Our instincts 



suggest that there is some underlying connection between these events.  The 

difficulty is to connect them in a way also reconciles the differences in fertility 

behavior in cross section in the pre-industrial world, the transition period, and 

the modern world. 
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