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Disclaimer

These are the slides I am using in class. They are not
self-contained, do not always constitute original material and do
contain some “cut and paste” pieces from various sources that I
am not always explicitly referring to (not on purpose but because it
takes time). Therefore, they are not intended to be used outside of
the course nor to be distributed. Thank you for signaling me typos
or mistakes at Franck.Portier@TSE-fr.eu.
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0. Introduction
What is this lecture about ?

I In this Lecture, we study the very long run dynamics of
economies.

I First we will identify three stages in economic history :

× the Malthusian regime
× The Industrial Revolution (and the demographic transition)
× The Great Divergence

I Then we will use models to understand some of those
evolutions (not the great Divergence)

× A demographic model of the Malthusian regime
× A fully specified general equilibrium model of Unified Growth

Theory
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0. Introduction
How is is related to the previous ones (of Thomas) ?

I We will come back with more detail on the Malthusian regime
of growth

I We will be more explicit in studying a dynamic model of
population

I We will use an OLG model (OverLapping Generations) to give
a fully specified general equilibrium model of Unified Growth
Theory
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0. Introduction
Plan of the Lecture

1. The Big Picture

2. The Malthusian Regime

3. The Industrial Revolution

4. The Great Divergence

5. Demographics and the simple functioning of the Malthusian
regime

6. A (quite) simple mathematical model of life expectancy

7. A simple model of the (very) long economic history

8. Summary

9. References
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1. The big picture
Economic history of the world in one graph

Figure 1: Income per capita from 1000 BC to 2000 AD (Clark
[2007])

Figure !.! World economic history in one picture. Incomes rose sharply in many countries 
after 1800 but declined in others.

typical English worker of 1800, even though the English table by then included
such exotics as tea, pepper, and sugar.

And hunter-gatherer societies are egalitarian. Material consumption varies
little across the members. In contrast, inequality was pervasive in the agrarian
economies that dominated the world in 1800. The riches of a few dwarfed the
pinched allocations of the masses. Jane Austen may have written about re-
fined conversations over tea served in china cups. But for the majority of the
English as late as 1813 conditions were no better than for their naked ancestors
of the African savannah. The Darcys were few, the poor plentiful.

So, even according to the broadest measures of material life, average
welfare, if anything, declined from the Stone Age to 1800. The poor of 1800,
those who lived by their unskilled labor alone, would have been better off if
transferred to a hunter-gatherer band.

The Industrial Revolution, a mere two hundred years ago, changed for-
ever the possibilities for material consumption. Incomes per person began to
undergo sustained growth in a favored group of countries. The richest mod-
ern economies are now ten to twenty times wealthier than the 1800 average.
Moreover the biggest beneficiary of the Industrial Revolution has so far been

! " # $ % & ' (  )

0

2

4

6

8

01

21

000AD 2005100010050005-000BC 1

In
co

m
e 

pe
r p

er
so

n 
(1

80
0 

=
 1

)

parT naisuhtlaM

noituloveR lairtsudnI

ecnegreviD taerG

Note : B.C. = Before Christ, A.D. = Anno Domine
6 / 71



1. The big picture
The three stages of economic history

1. Malthusian Regime (before 1760) : income per capita is
roughly constant, close to subsistence level. Changes in the
availability of resources translate into population changes

2. Industrial Revolution and the demographic transition
(1760-1900) : rapid economic growth fueled by increasing
production efficiency + increase of population smaller than
the increase of total income.

3. The Great Divergence (after 1900) : some countries became
unprecedentedly rich while standards of living declined or grew
slowly in other.
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2. The Matlhusian regime
Reverend Thomas Robert Malthus (1766-1834)

I Professor of History and Political Economy

I 1798 : An Essay on the Principle of
Population

I He argues that population growth generally
expanded in times and in regions of plenty
until the size of the population relative to
the primary resources caused distress.

Figure 2: Malthus
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2. The Matlhusian regime
Reverend Thomas Robert Malthus (1766-1834)

I Two types of checks hold population within resource limits :

× positive checks, which raise the death rate : hunger, disease
and war.

× preventive checks, which lower the birth rate : abortion, birth
control, prostitution, postponement of marriage and celibacy.
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2. The Matlhusian regime
In a nutshell

I Humans struggled for life

I Technological progress was insignificant

I Technological progress and land expansion caused an increase
in the size of the population, not in the standards of living.

I Income per capita stayed in the proximity of a subsistence
level.

I We’ll see later in this lecture a formal model of the
Malthusian regime
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2. The Matlhusian regime

Figure 3: Income per capita dynamics (Galor [2005])

2.1 The Malthusian Epoch

During the Malthusian epoch that had characterized most of human history humans were subjected

to persistent struggle for existence. Technological progress was insignificant by modern standards and
resources generated by technological progress and land expansion were channeled primarily towards an

increase in the size of the population, with a minor long-run e�ect on income per capita. The positive
e�ect of the standard of living on population growth along with diminishing labor productivity kept
income per capita in the proximity of a subsistence level.8 Periods marked by the absence of changes in

the level of technology or in the availability of land, were characterized by a stable population size as well

as a constant income per capita, whereas periods characterized by improvements in the technological

environment or in the availability of land generated temporary gains in income per capita, leading

ultimately to a larger but not richer population. Technologically superior countries had eventually denser

populations but their standard of living did not reflect the degree of their technological advancement.9

2.1.1 Income Per Capita

During the Malthusian epoch the average growth rate of output per capita was negligible and the

standard of living did not di�er greatly across countries. As depicted in Figure 2.1 the average level of
income per capita during the first millennium fluctuated around $450 per year, and the average growth
rate of output per capita in the world was nearly zero.10 This state of Malthusian stagnation persisted

until the end of the 18th century. In the years 1000-1820, the average level of income per capita in the

world economy was below $670 per year and the average growth rate of the world income per capita

was miniscule, creeping at a rate of about 0.05% per year (Maddison 2001).
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0

0.3

0.6

0.9

1.2

1.5

0 250 500 750 1000 1250 1500 1750 2000

G
ro

w
th

 o
f G

D
P

 P
er

 C
ap

ita

300

1300

2300

3300

4300

5300

6300

0 250 500 750 1000 1250 1500 1750 2000

G
D

P
 P

er
 C

ap
ita

 (1
99

0 
In

t'l
 $

)

Figure 2.1. The Evolution of the World Income Per Capita over the Years 1-2001

Source: Maddison (2001, 2003)

This pattern of stagnation was observed across all regions of the world. As depicted in Figure

1.1, the average level of income per capita in Western and Eastern Europe, the Western O�shoots, Asia,
8This subsistence level of consumption may be well above the minimal physiological requirements that are necessary

in order to sustain an active human being.
9Thus, as reflected in the viewpoint of a prominent observer of the period, “the most decisive mark of the prosperity

of any country [was] the increase in the number of its inhabitants” (Smith 1776).
10Maddison’s estimates of income per capita are evaluated in terms of 1990 international dollars.
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2. The Matlhusian regime
Income per capita

I Average growth rate of income per capita is negligible : 0.05%
a year between 1000 and 1820 (Maddison)

I Standards of living do not vary much across countries

Figure 4: Across the world (Galor [2005])

“A complete, consistent, unified theory...would be the ultimate triumph of human reason”
Stephen W. Hawking - A Brief History of Time.

1 Introduction

This chapter examines the recent advance of a unified growth theory that is designed to capture the
complexity of process of growth and development over the entire course of human history.

The evolution of economies during the major portion of human history was marked by Malthusian
Stagnation. Technological progress and population growth were miniscule by modern standards and
the average growth rate of income per capita in various regions of the world was even slower due
to the o�setting e�ect of population growth on the expansion of resources per capita. In the past
two centuries, in contrast, the pace of technological progress increased significantly in association with
the process of industrialization. Various regions of the world departed from the Malthusian trap and
experienced initially a considerable rise in the growth rates of income per capita and population. Unlike
episodes of technological progress in the pre-Industrial Revolution era that failed to generate sustained
economic growth, the increasing role of human capital in the production process in the second phase
of industrialization ultimately prompted a demographic transition, liberating the gains in productivity
from the counterbalancing e�ects of population growth. The decline in the growth rate of population
and the associated enhancement of technological progress and human capital formation paved the way
for the emergence of the modern state of sustained economic growth.

The transitions from a Malthusian epoch to a state of sustained economic growth and the related
phenomenon of the Great Divergence, as depicted in Figure 1.1, have significantly shaped the contem-
porary world economy.1 Nevertheless, the distinct qualitative aspects of the growth process during most
of human history were virtually ignored in the shaping of growth models, resulting in a growth theory
that is consistent with a small fragment of human history.
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Figure 1.1. The Evolution of Regional Income Per Capita over the Years 1 - 2001

Sources: Maddison (2003)2

1The ratio of GDP per capita between the richest region and the poorest region in the world was only 1.1:1 in the year
1000, 2:1 in the year 1500, and 3:1 in the year 1820. In the course of the ‘Great Divergence’ the ratio of GDP per capita
between the richest region (Western o�shoots) and the poorest region (Africa) has widened considerably from a modest
3:1 ratio in 1820, to a 5:1 ratio in 1870, a 9:1 ratio in 1913, a 15:1 ratio in 1950, and a huge 18:1 ratio in 2001.

2According to Maddison’s classification, “Western O�shoots” consist of the United States, Canada, Australia and New
Zealand.
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2. The Matlhusian regime
Population and income

I World population was 231 millions in 1 AD and 268 millions
in 1000 AD, then 438 millions in 1500 AD

I Resource expansions after 1500  1041 millions people in
1820

Figure 5: World population and income per capita from 1 AD to 2000
(Galor [2005])

over the period 1500-1820 had a more significant impact on the world population, which grew 138%

from 438 million in 1500 to 1041 million in 1820; an average pace of 0.27% per year.12 This positive
e�ect of income per capita on the size of the population was maintained in the last two centuries as
well, as world population reached a remarkable level of nearly 6 billion people.
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Figure 2.3. The Evolution of World Population and Income Per Capita over the Years 1 - 2000
Source: Maddison (2001)

Moreover, the gradual increase in income per capita during the Malthusian epoch was associated

with a monotonic increase in the average rate of growth of world population, as depicted in Figure 2.4.
This pattern was exhibited within and across countries.13

12 Since output per capita in the world grew at an average rate of 0.05% per year in the time period 1000-1500 as well
as in the period 1500-1820, the pace of resource expansion was approximately equal to the sum of the pace of population
growth and the growth of output per capita. Namely, 0.15% per year in the period, 1000-1500 and 0.32% per year in the
period 1500-1820.
13Lee (1997) reports positive income elasticity of fertility and negative income elasticity of mortality from studies

examining a wide range of pre-industrial countries. Similarly, Wrigley and Schofield (1981) find a strong positive correlation
between real wages and marriage rates in England over the period 1551-1801. Clark (2003) finds that in England, at the
beginning of the 17th century, the number of surviving o�spring is higher among households with higher level of income
and literacy rates, suggesting that the positive e�ect of income on fertility is present cross-sectionally, as well.
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2. The Matlhusian regime
Population and income

Figure 6: Population and economic growth in England, 1700s-1860s
(Clark [2007])

English economy was nearly six times as large by the 1860s, population
growth alone explains most of this gain.

Furthermore, the gain in population was even more important to the rel-
ative size of the English economy than to its absolute size. The productivity
gains during the Industrial Revolution had almost as much effect on the in-
comes of England’s competitors in Europe as on England itself, for two rea-
sons. The first was direct exports of cheaper textiles, iron, and coal by England
to other countries. The second was the establishment in these countries of
new manufacturing enterprises that exploited the innovative technologies of
the Industrial Revolution.

Thus Ireland—a country which became more agricultural and indeed
deindustrialized in response to the English Industrial Revolution—seems to
have experienced as much income gain as its trading partner England. Real
wages for Irish building workers rose as much as those in England in the years
1785–1869, as figure 12.9 shows. The figure reveals that these wage gains oc-
curred before the Irish potato famine of 1845 led to substantial population
losses and outmigration. Indeed between 1767 and 1845 it is estimated that the
population of Ireland rose proportionately as much as that of England.
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Figure !".# Population and economic growth in England, 1700s–1860s.
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2. The Matlhusian regime
Example I : The English Black Death (1348-1349) and after

I English Black Death (1348-1349) : populations went down
from 6 millions to 3.5 millions

I Increase in the land/labor ratio  the real wage tripled for
150 years

I This caused an increase in population  in the 1560s, the
real wage is back to the pre-plague level.

Figure 7: Population and Real Wages in England (Galor [2005])
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Figure 2.5. Population and Real Wages: England, 1250-1750

Source: Clark (2001, 2002)

Population Density
Variations in population density across countries during the Malthusian epoch reflected primarily

cross country di�erences in technologies and land productivity. Due to the positive adjustment of

population to an increase in income per capita, di�erences in technologies or in land productivity
across countries resulted in variations in population density rather than in the standard of living.15

For instance, China’s technological advancement in the period 1500-1820 permitted its share of world

population to increase from 23.5% to 36.6%, while its income per capita in the beginning and the end

of this time interval remained constant at roughly $600 per year.16

This pattern of increased population density persisted until the demographic transition, namely,

as long as the positive relationship between income per capita and population growth was maintained.

In the period 1600-1870, United Kingdom’s technological advancement relative to the rest of the world

more than doubled its share of world population from 1.1% to 2.5%. Similarly, in the period 1820-1870,

the land abundant, technologically advanced economy of the US experienced a 220% increase in its share

of world population from 1% to 3.2%.17

Mortality and Fertility
The Malthusian demographic regime was characterized by fluctuations in fertility rates, reflecting

variability in income per capita as well as changes in mortality rates. The relationship between fertility

and mortality during the Malthusian epoch was complex. Periods of rising income per capita permitted

a rise in the number of surviving o�spring, inducing an increase in fertility rates along with a reduction
15Consistent with the Malthusian paradigm, China’s sophisticated agricultural technologies, for example, allowed high

per-acre yields, but failed to raise the standard of living above subsistence. Similarly, the introduction of the potato in

Ireland in the middle of the 17th century generated a large increase in population over two centuries without significant
improvements in the standard of living. Furthermore, the destruction of potatoes by fungus in the middle of the 19th

century, generated a massive decline in population due to the Great Famine and mass migration [Mokyr 1985].
16The Chinese population more than tripled over this period, increasing from 103 million in 1500 to 381 million in 1820.
17The population of the United Kingdom nearly quadrupled over the period 1700-1870, increasing from 8.6 million in

1700 to 31.4 million in 1870. Similarly, the population of the United states increased 40-fold, from 1.0 million in 1700 to

40.2 million in 1870, due to a significant labor migration, as well as to high fertility rates.

9
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2. The Matlhusian regime
Example II : The Great Famine in Ireland (1845-1852)

I Introduction of the potato in Ireland in the middle of the 17th
century  population increase

I Potato desease (“potato bligh” (mildiou))
I About 1 million people died + massive emigration  

population decline.

Figure 8: Evolution of population and the Great Famine (Wikipedia)
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3. The Industrial Revolution

Figure 9: Real income per person in England 1260s-2000s
(Clark [2007])

Most of the change in the structure of economic life in the advanced
economies can be traced directly to one simple fact: the unprecedented, in-
exorable, all-pervading rise in incomes per person since 1800. The lifestyle of
the average person in modern economies was not unknown in earlier soci-
eties: it is that of the rich in ancient Egypt or ancient Rome. What is different
is that now paupers live like princes, and princes live like emperors.

As incomes increase, consumers switch spending between goods in very
predictable ways. We have already seen that the increase in demand with
income varies sharply across goods. Most importantly, food consumption
increases little once we reach high incomes. Thus in Germany real incomes
per person rose by 133 percent from 1910 to 1956, while food consumption per
person rose by only 7 percent, calorie consumption per person fell by 4 per-
cent, and protein consumption fell by 3 percent. Indeed the calorie content
of the modern European diet is little higher than that of the eighteenth cen-
tury, even though people are ten to twenty times wealthier.1 The character of

! " # $ % &  ' % "( ) * +,-

1. People in the eighteenth century engaged in heavy manual labor, walked to work and
market, and lived in poorly heated homes, so they easily burned off these calories without the
modern problem of obesity.

Figure !".# Real income per person in England, 1260s–2000s.
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3. The Industrial Revolution
In a nutshell

I It is a period of transition to new manufacturing processes

I Started in England around 1760 and went on up to 1840

I Spread over the continent (Belgium Wallonia first) and to the
U.S.A.

I The pace of technological progress increased with
industrialization

I But it is also a time of great improvement in agricultural
productivity ( also an agricultural revolution)

I Simultaneous population and income per capita growth
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3. The Industrial Revolution
Technological improvements

I Textile : Mechanized cotton spinning powered by steam or
water increased the output of a worker by a factor of about
1000.

I Steam power : The efficiency of steam engines increased so
that they used between one-fifth and one-tenth as much fuel.

I Iron Making : The substitution of coke for charcoal greatly
lowered the fuel cost of iron.
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3. The Industrial Revolution

Figure 10: Real Wages in England and France During the take-off from
the Malthusian Epoch (Galor [2005])

The level of income per capita in the various regions of the world, as depicted in Figure 1.1,

ranged in 1870 from $444 in Africa, $543 in Asia, $698 in Latin America, and $871 in Eastern Europe,

to $1974 in Western Europe and $2431 in the Western O�shoots. Thus, the di�erential timing of the
take-o� from the Malthusian epoch, increased the gap between the richest regions of Western Europe

and the Western O�shoots to the impoverished region of Africa from about 3:1 in 1820 to approximately
5:1 in 1870.

The acceleration in technological progress and the accumulation of physical capital and to a lesser

extent human capital, generated a gradual rise in real wages in the urban sector and (partly due to labor

mobility) in the rural sector as well. As depicted in Figure 2.9, the take-o� from the Malthusian epoch

in the aftermath of the Industrial Revolution was associated in England with a modest rise in real wages

in the first decades of the 19th century and a very significant rise in real wages after 1870.20 A very

significant rise in real wages was experienced in France, as well, after 1860.
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Figure 2.9. Real Wages in England and France During the take-o� from the Malthusian Epoch

Sources: Clark (2002) for England, and Levy-Leboyer and Bourguignon (1990) for France

2.2.2 Income and Population Growth

The rapid increase in income per capita in the Post-Malthusian Regime was channeled partly towards

an increase in the size of the population. During this regime, the Malthusian mechanism linking higher

income to higher population growth continued to function, but the e�ect of higher population on diluting
resources per capita, and thus lowering income per capita, was counteracted by the acceleration in

technological progress and capital accumulation, allowing income per capita to rise despite the o�setting
e�ects of population growth.

The Western European take-o� along with that of the Western O�shoots brought about a sharp
increase in population growth in these regions and consequently a modest rise in population growth

in the world as a whole. The subsequent take-o� of less developed regions and the associated increase
in their population growth brought about a significant rise in population growth in the world. The

1870-1913. India’s growth rate increased from 0% per year to 0.54% per year over the corresponding periods, whereas

China’s take-o� was delayed till the 1950s.
20 Stokey (2001) attributes about half of the rise in real wage over the period 1780-1850 to the forces of international trade.

Moreover, the study suggests that technological change in manufacturing was three times as important as technological

change in the energy sector in contributing to output growth.
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3. The Industrial Revolution
Technology and the demographic change

Yt = AtF (Kt , Lt)

I A measures efficiency (Solow residual)

Figure 11: World population and growth rate of efficiency
(Clark [2007])

tives to individuals to create knowledge are the same in all societies. Each per-
son thus has a given probability of producing a new idea. In this case the
growth rate of knowledge will be a function of the size of the human com-
munity. The more people with whom you are in contact, the more you get to
benefit from the ideas of others. There was substantial but slow productivity
growth in the world economy in the years before 1800, and that was trans-
lated into a huge expansion of the world population. Modern economic
growth is the result of sheer scale.

Kremer adduces two kinds of evidence for his position. The first is based
on population growth rates for the world as a whole in the preindustrial era.
In the years before 1850, when population growth rates effectively index the
rate of efficiency advance, there is a strong positive correlation between the
size of world population and the implied rate of efficiency advance, as shown
in figure 11.7.

The second evidence Kremer brings forward is population densities circa
1500 across the major continents, which had been isolated from each other for
millennia: Eurasia, the Americas, and Australia. Why was Eurasia so far ahead
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Figure !!." World population and growth rate of efficiency. World population is from the same
sources as for table 7.1. The rate of efficiency advance is estimated from population until 1850,
and thereafter from the fundamental equation of growth.
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3. The Industrial Revolution
The demographic change

I Let’s have a look at two measures of birth rates.

I Crude birth rate indicates the number of live births occurring
during the year, per 1000 population estimated at midyear.

I Total fertility rate is the average number of children that
would be born to a woman over her lifetime if :

× she were to experience the exact current age-specific fertility
rates through her lifetime, and

× she were to survive from birth through the end of her
reproductive life.
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3. The Industrial Revolution
The demographic change

Figure 12: Demographic transition (Clark [2007])

Furthermore, for England we have proxy measures for literacy that go back
to 1580, such indicators as the percentage of grooms who signed the marriage
register or the percentage of witnesses in court cases signing their depositions.
These measures do show a long upward movement in implied literacy rates.
But as we saw in figure 9.3 they show very little change, at least for men, dur-
ing the years 1760–1860, the classic dates for the Industrial Revolution.

Endogenous Growth Theories

None of the above theories of institutional changes or of a switch between
equilibria explains why the Industrial Revolution had to happen—or why it
happened in 1760 as opposed to 1800 BC in ancient Babylonia or 500 BC in
ancient Greece. Endogenous growth theories attempt to explain not just how
the Industrial Revolution took place, but also why it occurred when it did.
They argue that there was an internal evolution of the economic system that
eventually led to modern growth.

A nice example of such an endogenous growth theory is that of Michael
Kremer. Kremer assumes that the social institutions that provide the incen-
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Figure !!." The demographic transition in Europe.
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4. The Great Divergence

I Last two centuries : dramatic changes in the distribution of
income and population across the globe.

I Inequality in the world economy was negligible till the 19th
century.

Table 1: Ratio of GDP per capita between the richest region and the
poorest region in the world (Galor [2005])

Year 1000 1500 1820 1870 1913 1950 2001
Ratio 1.1 :1 2 :1 3 :1 5 :1 9 :1 15 :1 18 :1
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4. The Great Divergence

Figure 13: Some countries took-off, some did not (Clark [2007])

persisted as we returned to a more globalized international economy over the
past twenty-five years.

The most notable success has been the United States, which may even
have surpassed Britain in per capita income before 1870.20 Certainly by 1913
the United States was the richest economy in the world. It was also the
biggest, accounting for 17 percent of the entire material output of the world
economy. By 2000 the United States’ share of world output had risen to 22
percent.

Within Europe the countries of northwestern Europe—Belgium, Den-
mark, France, Germany, the Netherlands, Norway, Sweden, and Switzerland—
all behaved as expected and maintained a per capita income relative to Britain
similar to the levels of 1800. In 1913 their incomes all lay within about 80 per-
cent of the per capita income of England.21 A number of countries mainly

! " # $ %  & # "! ' (  ) * + , -  . / 0 0 12.

20. Relative incomes per person in the United States and the United Kingdom in the
nineteenth century are a matter of continuing controversy. Ward and Devereux, 2003, argue for
high U.S. incomes from early on. Broadberry and Irwin, 2004, argue for the traditional inter-
pretation that the United States overtook Britain only late in the nineteenth century.

21. Prados de la Escosura, 2000.

Figure !"." Incomes per capita (2000 $). Data from Prados de la Escosura, 2000 (1910) and
Heston et al., 2006 (1950–2000).
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4. The Great Divergence

Figure 14: Inequalities across countries in 1960 (Barro & Sala i
Martin [2004])
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Figure I.1
Histogram for per capita GDP in 1960. The data, for 113 countries, are the purchasing-power-parity (PPP)
adjusted values from Penn World Tables version 6.1, as described in Summers and Heston (1991) and Heston,
Summers, and Aten (2002). Representative countries are labeled within each group.

The comparison of levels of real per capita GDP over a century involves multiples as
high as 20; for example, Japan’s per capita GDP in 1990 was about 20 times that in 1890.
Comparisons of levels of per capita GDP across countries at a point in time exhibit even
greater multiples. Figure I.1 shows a histogram for the log of real per capita GDP for
113 countries (those with the available data) in 1960. The mean value corresponds to a
per capita GDP of $3390 (1996 U.S. dollars). The standard deviation of the log of real per
capita GDP—a measure of the proportionate dispersion of real per capita GDP—was 0.89.
This number means that a 1-standard-deviation band around the mean encompassed a range
from 0.41 of the mean to 2.4 times the mean. The highest per capita GDP of $14,980 for
Switzerland was 39 times the lowest value of $381 for Tanzania. The United States was
second with a value of $12,270. The figure shows representative countries for each range
of per capita GDP. The broad picture is that the richest countries included the OECD and
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Figure 15: Inequalities across countries in 2000 (Barro & Sala i
Martin [2004])
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Figure I.2
Histogram for per capita GDP in 2000. The data, for 150 countries, are from the sources noted for figure I.1.
Representative countries are labeled within each group.

a few places in Latin America, such as Argentina and Venezuela. Most of Latin America
was in a middle range of per capita GDP. The poorer countries were a mixture of African
and Asian countries, but some Asian countries were in a middle range of per capita GDP.

Figure I.2 shows a comparable histogram for 150 countries in 2000. The mean here cor-
responds to a per capita GDP of $8490, 2.5 times the value in 1960. The standard deviation
of the log of per capita GDP in 2000 was 1.12, implying that a 1-standard-deviation band
ranged from 0.33 of the mean to 3.1 times the mean. Hence, the proportionate dispersion
of per capita GDP increased from 1960 to 2000. The highest value in 2000, $43,990 for
Luxembourg, was 91 times the lowest value—$482 for Tanzania. (The Democratic Re-
public of Congo would be poorer, but the data are unavailable for 2000.) If we ignore
Luxembourg because of its small size and compare Tanzania’s per capita GDP with the
second-highest value, $33,330 for the United States, the multiple is 69. Figure I.2 again
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I Those facts raise a lot of questions :

× Why poor countries are not converging to the income per
capita of the rich ?

× If Y = AKαL1−α, why doesn’t capital fly from
capital-abundant-low-marginal-productivity-of-capital to
capital-poor-high-marginal-productivity-of-capital ones ?

× Marginal productivity of capital = A
(
L
K

)1−α

× Are there non economic factors behind the non convergence
(institutions ? geography ?)

I A lot of fascinating questions that we will not address in this
lecture

I This is the field of Growth Theory and Development
Economics
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Figure 16: Life expectancy (at birth) in England (Galor [2005])
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Figure 2.7. Life Expectancy: England, 1540-1870
Source: Wrigley and Schofield (1981)

2.2 The Post-Malthusian Regime

During the Post-Malthusian Regime the pace of technological progress markedly increased along the
process of industrialization.18 The growth rate of output per capita increased significantly, as depicted
in Figures 1.1, 2.1 and 2.2, but the positive Malthusian e�ect of income per capita on population growth
was still maintained, generating a sizeable increase in population growth, as depicted in Figures 2.3 and
2.4, and o�setting some of the potential gains in income per capita.

The take-o� of developed regions from the Malthusian Regime was associated with the Industrial
Revolution and occurred at the beginning of the 19th century, whereas the take-o� of less developed
regions occurred towards the beginning of the 20th century and was delayed in some countries well into
the 20th century. The Post-Malthusian Regime ended with the decline in population growth in Western
Europe and the Western O�shoots towards the end of the 19th century, and in less developed regions
in the second half of the 20th century.

2.2.1 Income Per Capita

During the Post-Malthusian Regime the average growth rate of output per capita increased significantly
and the standard of living started to di�er considerably across countries. As depicted in Figure 2.1, the
average growth rate of output per capita in the world soared from 0.05% per year in the time period
1500-1820 to 0.53% per year in 1820-1870, and 1.3% per year in 1870-1913. The timing of the take-o�
and its magnitude di�ered across regions. As depicted in Figure 2.8, the take-o� from the Malthusian
Epoch and the transition to the Post-Malthusian Regime occurred in Western Europe, the Western
O�shoots, and Eastern Europe at the beginning of the 19th century, whereas in Latin America, Asia
(excluding China) and Africa it took place at the end of the 19th century.
18 Ironically, shortly before the publication of Malthus’ influential essay, some regions in the world began to emerge from

the trap that he described.
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Figure 17: Crude birth and death rates in England (Galor [2005])

in mortality rates, due to improved nourishment, and health infrastructure. Periods of rising mortality
rates (e.g., the black death) induced an increase in fertility rates so as to maintain the number of
surviving o�spring that can be supported by existing resources.

In particular, demographic patterns in England during the 14th and 15th centuries, as depicted
in Figure 2.5, suggest that an (exogenous) increase in mortality rates was indeed associated with a
significant rise in fertility rates. However, the period 1540-1820 in England, vividly demonstrates a
negative relationship between mortality rates and fertility rates. As depicted in Figure 2.6, an increase
in mortality rates over the period 1560-1650 was associated with a decline in fertility rates, whereas the
rise in income per capita in the time period 1680-1820 was associated with a decline in mortality rates
along with increasing fertility rates.
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Figure 2.6. Fertility and Mortality: England 1540-1870
Source: Wrigley and Schofield (1981)

Life Expectancy
Life expectancy at birth fluctuated in the Malthusian epoch, ranging from 24 in Egypt in the

time period 33 - 258 AD, to 42 in England at the end of the 16th century. In the initial process of
European urbanization, the percentage of urban population increased six-fold from about 3% in 1520
to nearly 18% in 1750 (de Vries 1984, and Bairoch 1988). This rapid increase in population density,
without significant changes in health infrastructure, generated a rise in mortality rates and a decline in
life expectancy. As depicted in Figures 2.6 and 2.7, over the period 1580-1740 mortality rates increased
by 50% from 0.022 to 0.032, and life expectancy at birth fell from about 40 to nearly 30 years (Wrigley
and Schofield, 1981). A decline in mortality along with a rise in life expectancy began in the 1740s. Life
expectancy at birth rose from about 30 to 40 in England and from 25 to 40 in France over the period
1740-1830 (Livi-Bacci 1997).
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Figure 18: Population growth (Galor [2005])

and land; (b) Enhancement of the investment in the human capital of the population; (c) Alteration of

the age distribution of the population, temporarily increasing the size of the labor force relative to the

population as a whole.

The Decline in Population Growth
The timing of the demographic transition di�ered significantly across regions. As depicted in

Figure 2.19, the reduction in population growth occurred in Western Europe, the Western O�shoots,
and Eastern Europe towards the end of the 19th century and in the beginning of the 20th century,

whereas Latin America and Asia experienced a decline in the rate of population growth only in the last

decades of the 20th century. Africa’s population growth, in contrast, has been rising steadily, although

this pattern is likely to reverse in the near future due to the decline in total fertility rate in this region

since the 1980s.

The Western O�shoots experienced the earliest decline in population growth, from an average

annual rate of 2.87% in the period 1820-1870 to an annual average rate of 2.07% in the time interval

1870-1913 and 1.25% in the years 1913-1950.29 In Western Europe population growth declined from a

significantly lower average level of 0.77% per year in the period 1870-1913 to an average rate of 0.42%

per year in the period 1913-1950. A similar reduction occurred in Eastern Europe as well.30
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Figure 2.19. The Di�erential Timing of the Demographic Transition Across Regions
Source: Maddison (2001)

In contrast, in Latin America and Asia the reduction in population growth started to take place in

the 1970s, whereas the average population growth in Africa has been rising, despite a modest decline in

fertility rates.31 Latin America experienced a decline in population growth from an average annual rate

of 2.73% in the years 1950-1973 to an annual average rate of 2.01% in the period 1973-1998 Similarly,

Asia (excluding Japan) experienced a decline in population growth from an average annual rate of

2.21% in the time period 1950-1973 to an average annual rate of 1.86% in the 1973-1998 period. The

decline in fertility in these less developed regions, however, has been more significant, indicating a sharp
forthcoming decline in population growth during the next decades.
29Migration played a significant role in the rate of population growth of these land-abundant countries.
30A sharper reduction in population growth occurred in the United Kingdom, from 0.87% per year in the period 1870-

1913 to 0.27% per year in the period 1913-1950.
31As depicted in Figure 2.18, the decline in Total Fertility Rate in these countries started earlier. The delay in the

decline in population growth could be attributed to an increase in life expectancy as well as an increase in the relative
size of cohorts of women in a reproduction age.
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Figure 19: Total fertility rates (Galor [2005])

Africa’s increased resources in the Post-Malthusian Regime, however, has been channeled pri-
marily towards population growth. Africa’s population growth rate has increased monotonically from a
modest average annual rate of 0.4% over the years 1820-1870, to a 0.75% in the time interval 1870-1913,
1.65% in the period 1913-1950, 2.33% in 1950-1973, and a rapid average annual rate of 2.73% in the
1973-1998 period . Consequently, the share of the African population in the world increased by 41% in
the 60 year period, 1913-1973 (from 7% in 1913 to 9.9% in 1973), and an additional 30% in the last 25
years, from 9.9% in 1973 to 12.9% in 1998.

Fertility Decline
The decline in population growth followed the decline in fertility rates. As depicted in Figure

2.20, Total Fertility Rate over the period 1960-1999 plummeted from 6 to 2.7 in Latin America and
declined sharply from 6.14 to 3.14 in Asia.32 Furthermore, Total Fertility Rate in Western Europe and
the Western O�shoots declined over this period below the replacement level: from 2.8 in 1960 to 1.5
in 1999 in Western Europe and from 3.84 in 1960 to 1.83 in 1999 in the Western O�shoots. (World
Development Indicators, 2001). Even in Africa the Total Fertility Rate declined moderately from 6.55
in 1960 to 5.0 in 1999.

1

2

3

4

5

6

7

1960 1964 1968 1972 1976 1980 1984 1988 1992 1996

To
ta

l F
er

til
ity

 R
at

e

Western Offshoots Europe Africa
Asia Latin America Oceiania

Figure 2.20. The Evolution of Total Fertility Rate Across Regions, 1960-1999
Source: World Development Indicators (2001).

The demographic transition in Western Europe occurred towards the turn of the 19th century.
A sharp reduction in fertility took place simultaneously in several countries in the 1870s, and resulted
in a decline of about 1/3 in fertility rates in various states within a 50 year period.33

32For a comprehensive discussion of the virtues and drawbacks of the various measures of fertility: TFR, NNR, and
CBR, see Weil (2004).
33Coale and Treadway (1986) find that a 10% decline in fertility rates was completed in 59% of all European countries in

the time period 1890-1920. In particular, a 10% decline was completed in Belgium in 1881, Switzerland in 1887, Germany
in 1888, England and Wales in 1892, Scotland in 1894, Netherlands in 1897, Denmark in 1898, Sweden in 1902, Norway
in 1903, Austria in 1907, Hungary in 1910, Finland in 1912, Greece and Italy in 1913, Portugal in 1916, Spain in 1920,
and Ireland in 1922.
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Figure 20: Crude birth rate and Net Reproduction Rate (NRR)
(Galor [2005])
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Figure 2.21. The Demographic Transition in Western Europe:
Crude Birth Rates and Net Reproduction Rates

Source: Andorka (1978) and Kuzynski (1969)

As depicted in Figure 2.21, Crude Birth Rates in England declined by 44%, from 36 (per 1000)
in 1875, to 20 (per 1000) in 1920. Similarly, live births per 1000 women aged 15-44 fell from 153.6 in
1871-80 to 109.0 in 1901-10 (Wrigley, 1969). In Germany, Crude Birth Rates declined 37%, from 41
(per 1000) in 1875 to 26 (per 1000) in 1920. Sweden’s Crude Birth Rates declined 32%, from 31 (per
1000) in 1875 to 21 (per 1000) in 1920, and in Finland they declined 32%, from 37 in 1875 to 25 (per
1000) in 1920. Finally, although the timing of demographic transition in France represents an anomaly,
starting in the second half of the 18th century, France experienced an additional significant reduction in
fertility in the time period 1865-1910, and its Crude Birth Rates declined by 26%, from 27 (per 1000)
in 1965 to 20 (per 1000) in 1910.

The decline in the crude birth rates in the course of the demographic transition was accompanied
by a significant decline in the Net Reproduction Rate ( i.e., the number of daughters per woman who
reach the reproduction age), as depicted in Figure 2.21. Namely, the decline in fertility during the
demographic transition outpaced the decline in mortality rates, and brought about a decline in the
number of children who survived to their reproduction age.

Similar patterns are observed in the evolution of Total Fertility Rates in Western Europe, as
depicted in Figure 2.22. Total Fertility Rates (TFR) peaked in the 1870s and then declined sharply and
simultaneously across Western European States. In England, TFR declined by 51%, from 4.94 children
in 1875, to 2.4 in 1920. In Germany, TFR declined 57%, from 5.29 in 1885 to 2.26 in 1920. Sweden’s
TFR declined 61%, from 4.51 in 1876 to 1.77 in 1931, in Finland they declined 52%, from 4.96 in 1876 to
2.4 in 1931 and in France where a major decline occurred in the years 1750-1850, an additional decline
took place in the same time period from 3.45 in 1880 to 1.65 in 1920.

25

I Net Reproduction Rate = the number of daughters per
woman who reach the reproduction age
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Figure 21: Total fertility rates (Galor [2005])
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Figure 2.22. The Demographic Transition in Western Europe: Total Fertility Rates
Source: Chesnais (1992)

Mortality Decline
The mortality decline preceded the decline in fertility rates in most countries in the world, with

the notable exceptions of France and the United States. The decline in mortality rates preceded the
decline in fertility rates in Western European countries in the 1730-1920 period, as depicted in Figures
2.21 and 2.23. The decline in mortality rates began in England 140 years prior to the decline in fertility,
and in Sweden and Finland nearly 100 years prior to the decline in fertility.
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Figure 2.23. The Mortality Decline in Western Europe, 1730-1920
Source: Andorka (1978)

A similar sequence of events emerges from the pattern of mortality and fertility decline in less
developed regions. As depicted in Figures 2.20 and 2.24, a sharp decline in infant mortality rates as of
1960 preceded the decline in fertility rates in Africa that took place in 1980. Moreover, existing evidence
indicates a simultaneous reduction in mortality and fertility in the 1960-2000 period in all other regions.
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Figure 22: Crude death rates (Galor [2005])
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Figure 2.22. The Demographic Transition in Western Europe: Total Fertility Rates
Source: Chesnais (1992)

Mortality Decline
The mortality decline preceded the decline in fertility rates in most countries in the world, with

the notable exceptions of France and the United States. The decline in mortality rates preceded the
decline in fertility rates in Western European countries in the 1730-1920 period, as depicted in Figures
2.21 and 2.23. The decline in mortality rates began in England 140 years prior to the decline in fertility,
and in Sweden and Finland nearly 100 years prior to the decline in fertility.
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Figure 2.23. The Mortality Decline in Western Europe, 1730-1920
Source: Andorka (1978)

A similar sequence of events emerges from the pattern of mortality and fertility decline in less
developed regions. As depicted in Figures 2.20 and 2.24, a sharp decline in infant mortality rates as of
1960 preceded the decline in fertility rates in Africa that took place in 1980. Moreover, existing evidence
indicates a simultaneous reduction in mortality and fertility in the 1960-2000 period in all other regions.
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Figure 23: Infant mortality rates (Galor [2005])
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Figure 2.24. The Decline in Infant Mortality Rates Across Regions, 1960-1999

Source: World Development Indicators (2001).

Life Expectancy
The decline in mortality rates in developed countries since the 18th century, as depicted in

Figure 2.23, corresponded to a gradual increase in life expectancy generating a further inducement for

investment in human capital. As depicted in Figure 2.25, life expectancy at birth in England increased

at a stable pace from 32 years in the 1720s to about 41 years in the 1870s. This pace of the rise in life

expectancy increased towards the end of the 19th century and life expectancy reached the levels of 50

years in 1906, 60 years in 1930 and 77 years in 1996.
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Figure 2.25. The Evolution of Life Expectancy: England 1726-1996

Source: Wrigley and Schofield (1981) for 1726-1871 and Human Mortality Database (2003) for 1876-1996

Similarly, the significant decline in mortality rates across the developed regions in the last two
centuries and across less developed regions in the past century, corresponded to an increase in life

expectancy. As depicted in Figure 2.26, life expectancy increased significantly in developed regions in

27

I Infant mortality rate (IMR) is the number of deaths of
children less than one year of age per 1000 live births.
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Figure 24: Life expectancy in England (Galor [2005])
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Figure 2.24. The Decline in Infant Mortality Rates Across Regions, 1960-1999

Source: World Development Indicators (2001).

Life Expectancy
The decline in mortality rates in developed countries since the 18th century, as depicted in

Figure 2.23, corresponded to a gradual increase in life expectancy generating a further inducement for

investment in human capital. As depicted in Figure 2.25, life expectancy at birth in England increased

at a stable pace from 32 years in the 1720s to about 41 years in the 1870s. This pace of the rise in life

expectancy increased towards the end of the 19th century and life expectancy reached the levels of 50

years in 1906, 60 years in 1930 and 77 years in 1996.
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Figure 2.25. The Evolution of Life Expectancy: England 1726-1996

Source: Wrigley and Schofield (1981) for 1726-1871 and Human Mortality Database (2003) for 1876-1996

Similarly, the significant decline in mortality rates across the developed regions in the last two
centuries and across less developed regions in the past century, corresponded to an increase in life

expectancy. As depicted in Figure 2.26, life expectancy increased significantly in developed regions in
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Figure 25: Life expectancy across regions (Galor [2005])
the 19th century, whereas the rise in life expectancy in less developed regions occurred throughout the

20th century, stimulating further human capital formation.
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Figure 2.26. The Evolution of Life Expectancy Across Regions, 1820-1999

Source: Maddison (2001).

In particular, life expectancy nearly tripled in the course of the 20th century in Asia, rising from

a level of 24 years in 1960 to 66 years in 1999, reflecting the rise in income per capita as well as the
di�usion of medical technology. Similarly, life expectancy in Africa more than doubled from 24 years in

1900 to 52 years in 1999. In contrast, the more rapid advancement in income per capita in Latin America

generated an earlier rise in longevity. Life expectancy increased modestly during the 19th century and

more significantly in the course of the 20th century, from 35 years in 1900 to 69 years in 1999.

2.3.3 Industrial Development and Human Capital Formation

The process of industrialization was characterized by a gradual increase in the relative importance of

human capital in the production process. The acceleration in the rate of technological progress increased

gradually the demand for human capital, inducing individuals to invest in education, and stimulating

further technological advancement. Moreover, in developed as well as less developed regions the onset of

the process of human capital accumulation preceded the onset of the demographic transition, suggesting

that the rise in the demand for human capital in the process of industrialization and the subsequent

accumulation of human capital played a significant role in the demographic transition and the transition
to a state of sustained economic growth.

Developed Economies34

In the first phase of the Industrial Revolution, the extensiveness of the provision of public edu-
cation was not correlated with industrial development and it di�ered across countries due to political,
cultural, social, historical and institutional factors. Human capital had a limited role in the production

process and education served religious, social, and national goals. In contrast, in the second phase of

the Industrial Revolution the demand for skilled labor in the growing industrial sector markedly in-

creased. Human capital formation was designed primarily to satisfy the increasing skill requirements in

the process of industrialization, and industrialists became involved in shaping the educational system.

34This section is closely based on the research by Galor and Moav (2003).
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5. Demographics and the simple functioning of the
Malthusian regime
Building blocks

I adapted from Clark’s “Farewell to Alms”.
I In the Mathusian regime,

Demography (1) : the birth rate b is high when income per
capita y is high.

b = b (y)︸︷︷︸
+

Demography (2) : the mortality rate m is low when income
per capita y is high.

m = m (y)︸︷︷︸
−

Technology : Population P is low when income per capita y
is high.

P = P (y)︸︷︷︸
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5. Demographics and the simple functioning of the
Malthusian regime

Figure 26: The technological schedule P = P(y) (what is shown is the
inverse function y = y(P))
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5. Demographics and the simple functioning of the
Malthusian regime

Figure 27: Long run equilibrium determination
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5. Demographics and the simple functioning of the
Malthusian regime
Dynamics

I All the dynamics of the model is given by the population law
of motion :

Ṗ = (b −m)P

I Let’s see what happens if the economy starts from y0 above
y?.
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5. Demographics and the simple functioning of the
Malthusian regime

Figure 28: Dynamics from y0 > y?
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5. Demographics and the simple functioning of the
Malthusian regime

Figure 29: Dynamics from y0 > y?
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Ṗ
P = b(y0) −m(y0) > 0

P0 P(y)
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5. Demographics and the simple functioning of the
Malthusian regime

Figure 30: An increase in the birth rate (to be completed in class)
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5. Demographics and the simple functioning of the
Malthusian regime

Figure 31: A decrease in the mortallity rate (to be completed in class)
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5. Demographics and the simple functioning of the
Malthusian regime

Figure 32: A technological progress (to be completed in class)
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6. A (quite) simple mathematical model of life expectancy
Main assumption

I Let us prove that there is an inverse relationship between
mortality rate and life expectancy, in a simple model (with
some strong assumption).

I Central assumption : for an individual born at time 0, the
probability that his or her life length is larger than x is given
by e−mx .

I Let us prove that m is indeed the mortality rate, i.e. the rate
at which people die at each instant in time.

I For that, we need to apply what we know about continuous
random variables.
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6. A (quite) simple mathematical model of life expectancy
Cumulative distribution function

I Let’s assume that for an individual at time 0, the remaining
life time, denoted L has a probability e−m` to be larger than
the value ` :

P(L > `) = e−m`

I It follows that L is distributed with cumulative function

F (`) = 1 − P(L > `) = 1 − e−m`.

I What does it mean ? That the probability of that life length is
shorter than ` is 1 − e−m`

F (`) = P(L ≤ `) = 1 − e−m`.

I Check that when ` > 0 (` < 0 does not make sense), we have
F between 0 and 1, as a probability should be, and that the
probability of living an infinite life is 0.
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6. A (quite) simple mathematical model of life expectancy
Probability of dying

I Let ∆ be a time interval..

I From the point of view of date 0, what is the probability of
dying between age ` and age `+ ∆ ? It is given by

P(` < L < `+ ∆) = F (`+ ∆) − F (`)

=
(

1 − e−m(`+∆)
)
−
(

1 − e−m`
)

= e−m` − e−m(`+∆)

I Let’s take a first order approximation of e−m(`+∆) around `,
meaning when length of the time elapsed between ` and
`+ ∆ becomes small.

I First recall that the first order approximation of any
differentiable function f (x) around f (x0) is

f (x) ≈ f (x0) + f ′(x0) × (x − x0)
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6. A (quite) simple mathematical model of life expectancy
Probability of dying

I first order approximation of e−m(`+∆) around ` :

e−m(`+∆) ≈ e−m` −me−m`∆

I And therefore

P(` < L < `+ ∆) = e−m` − e−m(`+∆)

≈ m∆e−m`

I Let the time unit be the year. From the point of view of today
(that I call date 0, the probability of dying in the year is
therefore obtained with ` = 0 and ∆ = 1 :

P(0 < L < 1) = Probability of dying with a year

= m
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6. A (quite) simple mathematical model of life expectancy
Probability of dying

I Notice that the probability of dying in the coming year is m,
and does not depends on age ( !)

I This is related to the assumption P(L > `) = e−m`

I It is not a realistic assumption, but it simplifies the algebra
without affecting the qualitative results.
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6. A (quite) simple mathematical model of life expectancy
Life expectancy

I Let’s now compute life expectancy e at birth (which is in the
model also life expectancy at any age.

I Density of the random variable “life length” is f (`) = F ′(`)
= me−m`

I e is given by

e =

∫ ∞
0

`f (`)d` =

∫ ∞
0

`me−m`

I We solve this integral integrating by parts. Let

u(`) = ` and v ′(`) = me−m`.

I We have
u′(`) = 1 and v(`) = −e−m`.
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6. A (quite) simple mathematical model of life expectancy
Life expectancy

I With these notations,

e =

∫ ∞
0

uv ′d`

=

[
uv

]∞
0

−
∫ ∞

0
u′vd`

=

[
− `e−m`

]∞
0

−
∫ ∞

0
−e−m`d`

= 0 +

[
− 1

m
e−m`

]∞
0

=
1

m

I This shows that life expectancy at birth is equal to the inverse
of the mortality rate (given the specific assumption that
mortality rate is not age dependent)
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7. A simple model of the (very) long economic history
Overview

I Adapted from Strulik & Weisdorf [2008]

I This is a Dynamic General Equilibrium model with micro
foundations.

I What does it mean ?

× Agents maximize utility under budget constraint
× They liv more than one periods
× Prices are determined by equality of demand and supply on all

markets
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7. A simple model of the (very) long economic history
Fertility

I Agents live 2 periods (OLG model).

I childhood : consume, at the expense of the parents.

I adulthood : work 1 unit, have children, feed them, consume,
and then die.

I In a given period, population is composed of children and
adults.

I the period after, adults are dead, children are adults and they
have children.

I Simplifying assumption : asexual reproduction : one (single)
adult gets nt children.

I Labor force dynamics : Lt+1 = ntLt
I nt = fertility (no children die)
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7. A simple model of the (very) long economic history
Preferences

I Adults like manufacturing goods mt and children nt .

I quasi-linear utility : ut = mt + γ log nt .

I Price of m is 1 by normalization, price of food is p.

I For simplicity, people consume only when young. They need
a = 1 unit of food.

I Therefore, 1 child costs a = 1 unit of food.

I The budget constraint of an adult is therefore ptnt + mt = wt

I wt is an adult income
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7. A simple model of the (very) long economic history
The demand for children

max
nt ,mt

mt + γ log nt

s.t. ptnt + mt = wt

I solution (details in class) : nt = γ
pt

I Discussion
× Strong preferences for children : income does not affect n (zero

income elasticity)
× Only the price of food affect fertility decisions.
× But there is an indirect effect of growth (and therefore

income) on fertility :
I Agric. productivity growth  p decreases  fertility increases.
I Manuf. productivity growth  p increases  fertility

decreases.

I Malthus preventive check hypothesis : scarce agricultural
goods (high p)  low fertility.
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7. A simple model of the (very) long economic history
Production

I All technologies are constant returns.

I Food : Y A
t = Aεt(L

A
t )αX 1−α

I X is land, assumed to be in fixed supply, and normalized to
X = 1 ; LA is agricultural labor and A is productivity on
agriculture. ε and α are between 0 and 1.

I Manufacturing : YM
t = Mε

tL
M
t

I Assume for simplicity that land is free disposal (land rent is
zero)
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7. A simple model of the (very) long economic history
Growth

I Growth is endogenous, and comes from technological progress
At+1 − At and Mt+1 −Mt .

I We assume Leaning-by-doing :

× At+1 − At = Y A
t

× Mt+1 −Mt = YM
t

I Note that this comes as an externality : nobody gets money
for the increase in A and M.

I No capital for simplicity.

I Notation : for a variable Z , gZ
t = Zt+1−Zt

Zt

I Therefore,

gA
t = Aε−1

t (LAt )α

gM
t = Mε−1LMt
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7. A simple model of the (very) long economic history
Dynamic General (Macroeconomic) Equilibrium

I What is an equilibrium in such an economy ?
I In period t, given Lt and productivities At and Mt :

× Adults work 1 unit and choose optimally fertility (=food
demand) and manuf. goods demand given prices and their
income.

× Adults choose to work as farmers or manufacturers.
× Labor market clears.
× Food and manufacturing goods markets clear.

I Solving for the general equilibrium means to find pt , wt , nt ,
Y A
t , YM

t .

I Once we have solved, we can compute Lt+1 and productivities
At+1 and Mt+1  we can move on and solve for period t + 1

I Once we are given L0, A0 and M0, we can solve for the whole
history of human activity : everything is endogenous :
production, population and technology.

I This is a model of Unified Growth.
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7. A simple model of the (very) long economic history
Dynamic General (Macroeconomic) Equilibrium

I Equilibrium on the food market :

× demand : ntLt
× supply : Aεt(L

A
t )α

× Let θt =
LA
t

Lt
be the share of total labor devoted to agriculture,

food supply = food demand implies

θt =

(
ntL

1−α
t

Aεt

) 1
α
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7. A simple model of the (very) long economic history
Dynamic General (Macroeconomic) Equilibrium

I Equilibrium on the labor market :
× The wage has to be the same in the two sectors.
× In each sector, the only cost is therefore labor, so that

wA
t =

ptY
A
t

LA
t

and wM
t =

YM
t

LM
t

× The labor market equilibrium condition implies that the
relative price of food adjusts, so that farmers and
manufacturers earn the same income=

wA
t = wM

t

× which gives (details in class)

pt =
Mαε

t (γLt)
1−α

Aεt

× Given that pt = γ
nt

, we obtain

nt = γα
Aεt

Mαε
t L1−α

t
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7. A simple model of the (very) long economic history
Model dynamics

I The model dynamics is then computed as follows :

I Take an initial period 0. (L0,A0,M0) are given.

I Fertility (and therefore population growth) is given by

n0 = γα
Aε0

Mαε
0 L1−α

0

I The equilibrium allocation of labor between agriculture and
manufacturing is then given by

θ0 =

(
n0L

1−α
0

Aε0

) 1
α

so that LA0 = θ0L0 and LM0 = (1 − θ0)L0
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7. A simple model of the (very) long economic history
Model dynamics

I Then production in each sectors are given by Y A
0 = Aε0(LA0 )α

and YM
0 = Mε

0L
M
0 .

I Form the learning-by-doing mechanism, we obtain the period
1 level of productivity : A1 = A0 + Y A

0 and M1 = M0 + YM
0

I Finally, L1 = n0L0

I We have computed (L1,A1,M1)  we can now move on and
compute the other equilibrium variables of period 1, etc...
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7. A simple model of the (very) long economic history
Balanced Growth Paths

I BGP are path along which variables grow at constant rate
(possibly zero).

I We have shown that gA
t = Aε−1

t (LAt )α

I along a BGP, Aε−1
t (LAt )α must be constant, meaning that

(1 + gA) = (1 + gL)α/(1−ε).
I Similarly, gM

t = Mε−1LMt implies (1 + gM) = (1 + gL)1/(1−ε).
I From

nt = γα
Aεt

Mαε
t L1−α

t

we get that the growth rate of fertility (i.e. of the population
growth factor) is

nt+1

nt
=

(1 + gA
t )ε

(1 + gM
t )αεn1−α

t

I Using nt = (1 + gL
t ) and the two previous equations, we get :

(1 + gL
t+1) = (1 + gL

t )α
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7. A simple model of the (very) long economic history
Balanced Growth Paths

(1 + gL
t+1) = (1 + gL

t )α

I This is a quite simple difference equation.
I Along a BGP, gL is constant.
I Two possible solutions :

× if α < 1, gL = 0 : population is constant in the long run
× if α = 1 (land is not needed to produce food) : any initial gL is

a solution (imploding or exploding growth). But this is a not a
interesting/realistic case.
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7. A simple model of the (very) long economic history
An numerical example of the full dynamics

I We can use a spreadsheet to compute the full dynamics of the
economy starting from some initial conditions and for some
values of the parameters.

I For this purpose, we need to slightly modify the model
(theoretically unimportant, but useful for the simulations)

I Y A
t = Aεt(L

A
t )αX 1−α  Y A

t = µAεt(L
A
t )αX 1−α

I YM
t = Mε

tL
M
t  YM

t = δMφ
t L

M
t

I In that case, it is easy to show that nt = µ
(γ
δ

)α Aε
t

Mαφ
t L1−α

t

and

that θt =
(
ntL

1−α
t

µAε
t

) 1
α

I Parameters : α = 0.8, ε = 0.45, φ = 0.3, µ = 0.5, δ = 1.5,
γ = 3.4 and initial values are A0 = 0.8, M0 = 18.15
andL0 = 0.014.
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A simple model of the (very) long economic history
An numerical example of the full dynamics
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8. Summary

I We have sketched the three phases of the economic history if
the world : The Malthusian regime, the Industrial Revolution
and the Great Divergence

I We have studied a demographic model of the Malthusian
regime

I We have studied a mathematical model of life expectancy
under the simplifying assumption that death is not
age-dependent

I We have studied a dynamic general equilibrium model of
Unified Growth Theory.

I This model endogenizes demographics and technical progress
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