
Population and Economic Growth

Malthus and the Phantom Menace
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A Malthusian model

• Robert Malthus, An Essay on the Principle of Population, 1798.

• Simple yet powerful model of the relation between population and economic growth.

• Good description of the evidence of humanity until around 1800.

• Good description of the natural economy of animals.

• Indeed, Malthus had a strong influence on Darwin.
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Growth facts in the very long run

• For most human history, income per capita growth was glacially slow.

• Before 1500, little or no economic growth. Some growth between 1500 to 1800 in Europe.

• Around 1800, the average world income was roughly as high as in the Neolithic.

1. Income was higher in England or the Netherlands.

2. But it was probably lower in China or India.

• Moreover:

1. Hours of work were much longer in the 1800s than in the Neolithic.

2. There was much more inequality in the 1800s than in the Neolithic.
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Some evidence

• Paul Bairoch, Economics and World History: Myths and Paradoxes:

1. Living standards were roughly equivalent in Rome (1st century CE), Arab Caliphates (10th century CE),

China (11th century CE), India (17th century CE), Western Europe (early 18th century CE).

2. Cross-sectional differences in income were a factor of 1.5 or 2.

• Angus Maddison, The World Economy: A Millennial Perspective calculates 1500-1820 growth rates:

1. World GDP per capita: 0.05%.

2. Europe GDP per capita: 0.14%.

• After 1820: great divergence in income per capita.
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Heights from skeletal remains

Period Location Height, cm.

Mesolitich Europe 168

Neolithic Europe 167

2500 BCE Turkey 166

1700 BCE Greece 166

1600-1800 Holland 167

1700-1800 Norway 165

1700-1850 London 170
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Laborer’s wages in wheat equivalent

Ancient Babylonia 1800-1600 BC 15

Assyria 1500-1350 BC 10

Neo-Babylonia 900-400 BC 9

Classical Athens 408 BC 30

Roman Egypt c AD 250 8

England 1780-1800 13
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Real agricultural day wages, England, 1209-1869
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Economic History Review, 60, 1 (2007)

The resulting estimate of real purchasing power of a day’s wages for a
male agricultural labourer is given in appendix table A2. It is also shown by
decade in figure 4, as well as in the last column of table 1, where 1860–9
is set to 100. Displayed for comparison in figure 4 is an estimate of building
labourer’s real wages calculated using the same cost of living index.16 The
two real-wage series move in relative harmony, except that after 1650

16 The labourers’ nominal wages are from Clark, ‘Condition of the working class’.

1750–9 60.2 46.6 49.8 125.9 96.1 115.9 34.0 93.5 66.8
1760–9 66.0 47.9 54.2 127.9 96.4 125.0 34.7 97.2 70.9
1770–9 75.2 55.2 61.9 137.4 103.1 132.4 40.4 95.3 78.7
1780–9 77.0 57.3 64.1 132.2 103.2 138.4 39.5 94.9 80.2
1790–9 93.1 68.6 77.1 123.9 116.1 152.1 49.4 97.2 92.9
1800–9 133.4 96.9 109.9 161.1 146.4 196.6 72.1 110.9 126.5
1810–9 145.4 118.1 118.2 180.0 158.7 211.2 91.6 122.1 141.2
1820–9 102.7 103.7 95.5 163.4 142.5 129.3 91.9 115.7 111.5
1830–9 98.6 97.5 83.4 129.7 132.4 110.4 91.7 111.5 103.3
1840–9 100.9 95.3 83.5 115.9 117.7 104.5 85.0 108.8 101.1
1850–9 98.0 87.7 88.4 104.3 103.6 97.8 87.5 96.5 96.2
1860–9 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Decade
Grain and

potatoes Dairy Meat Drink Fuel Light Housing Clothing
Cost of
living

Note: The index for each commodity and overall is set to 100 for 1860–9.

Table 5. Continued

Figure 4. Real agricultural day wages, 1209–1869
Notes: The figure shows decadal averages of real farm wages from 1200–9 to 1860–9, with 1860–9 set to 100. The 
wage of building labourers is shown for comparison.
Source: Clark, ‘Condition of the working class’, tab. 1.
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Composition working class expenditure, 1788-1792282 Hans-Joachim Voth
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Composition of
working-class
expenditures, 1788/92

Source: Feinstein
1998a.

each commodity available per head of the English population and aggre-
gate these rankings into a single score per time period according to the
‘Borda rule’.3 This shows that 1804–6 recorded relatively high levels of
luxury consumption. The 1820s, on the other hand, marked a low point.
Despite improvement in the 1830s, it was not before the 1850s that con-
sumption of luxury products exceeded levels seen in the 1800s. With the
exception of tobacco, there is therefore no sign of people spending much
more money on the kind of goods that would have been most likely to
attract additional purchases, had living standard indeed improved sub-
stantially.

This interpretation is indirectly vindicated by the so-called ‘food puz-
zle’ that some researchers have identified in industrialising Britain (Clark
et al. 1995), based on the premise of rapid income growth. They extend
Mokyr’s question to food consumption in general. The sum of domestic
food production plus imports may well have failed to keep up with popu-
lation growth during the period (Holderness 1989). Clark, Huberman and
Lindert try to resolve the puzzle by assuming changes in the relationship
between final food consumption and the value added by agriculture and
imports. However, the markedly more pessimistic estimates of income
growth seen in Feinstein imply that the food puzzle no longer exists –
food consumption barely changed, and may have fallen on a per capita
basis, because purchasing power was largely stagnant.

There is one part of household budgets that probably saw rising real
expenditure: the purchases of durables and semi-durables. While cloth-
ing is not customarily classified as a durable good, it provides a stream

3 The Borda rule facilitates the compilation of composite indices, especially where we aggre-
gate across conceptually very different individual indicators. For each variable, the observa-
tions (or time periods) are ranked. In our case, we assign a lower rank to a more favourable
outcome. Next, we calculate the sum of these scores for each observation (or time period)
across all indicators, and again rank them. The outcome is a Borda ranking.

Cambridge Histories Online © Cambridge University Press, 2008
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World income and population

• Before the 1800s, the world is in the Malthusian trap: improvements in technology only translate in

increases in world population.

• In the 1800s the western world moved away from the trap: demographic transition.

• In the 1900s, much of the rest of the world went through similar process.

• Countries in Africa and the Middle East still lag.

• We want to understand the Malthusian trap and the demographic transition.
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World income and population: data

Year Population (m.) GDP per capita ($)
-5000 5 205

-1000 50 240

1 170 210

1000 265 250

1500 425 260

1800 900 375

1900 1625 1275

1950 2515 3050

2000 6120 12262

2015 7300 15000
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The demographic transition
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The demographic transition: UK
Figure 1: Demographic trends, Great Britain/UK
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Figure 2: Demographic trends, Argentina
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3 Results

The set of transition dates calculated for each country can be seen in Table A1. Figures 1 through 9

display time series of CBR and CDR, along with the fitted 3-phase transitions that we calculate, for

several representative countries.

Figures 10 and 11 display scatter plots of CDR and CBR, for every country in every year that they

are observed, against log GDP per capita. Superimposed onto the plots are are three different fitted

curves: a quadratic polynomial, a quartic polynomial, and another type of 4-parameter curve which has

the following formula:

y =
1

exp(βx−µ) + 1
α0−α1

+ α1 (7)

In the above formula, x is the explanatory variable, log GDP per capita in this case, while α0, α1,

β, and µ are parameters. This functional form imposes a transition between the two steady levels of

α0 and α1, and so corresponds to the 3-phase transition model which interests us. The R2 achieved by

this specification, .358 for CDR and .559 for CBR, is in both cases higher than that achieved by the

quadratic polynomial and very similar to that achieved by the quartic polynomial, indicating that it

provides a reasonablly good fit when compared to these two alternatives.

The right panel in each figure displays the implied 3-phase transition associated with the third curve

for each variable, computed by taking α0 and α1 as the initial and final levels, and calculating the start

and end dates of the transition as the values of x at the intersections of the line tangent to the curve at

8
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The demographic transition: Japan

Figure 7: Demographic trends, Mauritius
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Figure 8: Demographic trends, Chile
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Figure 9: Demographic trends, Japan
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The demographic transition: Argentina
Figure 1: Demographic trends, Great Britain/UK
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Figure 2: Demographic trends, Argentina
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3 Results

The set of transition dates calculated for each country can be seen in Table A1. Figures 1 through 9

display time series of CBR and CDR, along with the fitted 3-phase transitions that we calculate, for

several representative countries.

Figures 10 and 11 display scatter plots of CDR and CBR, for every country in every year that they

are observed, against log GDP per capita. Superimposed onto the plots are are three different fitted

curves: a quadratic polynomial, a quartic polynomial, and another type of 4-parameter curve which has

the following formula:

y =
1

exp(βx−µ) + 1
α0−α1

+ α1 (7)

In the above formula, x is the explanatory variable, log GDP per capita in this case, while α0, α1,

β, and µ are parameters. This functional form imposes a transition between the two steady levels of

α0 and α1, and so corresponds to the 3-phase transition model which interests us. The R2 achieved by

this specification, .358 for CDR and .559 for CBR, is in both cases higher than that achieved by the

quadratic polynomial and very similar to that achieved by the quartic polynomial, indicating that it

provides a reasonablly good fit when compared to these two alternatives.

The right panel in each figure displays the implied 3-phase transition associated with the third curve

for each variable, computed by taking α0 and α1 as the initial and final levels, and calculating the start

and end dates of the transition as the values of x at the intersections of the line tangent to the curve at
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The demographic transition: Chile

Figure 7: Demographic trends, Mauritius
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Figure 8: Demographic trends, Chile
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Figure 9: Demographic trends, Japan
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The demographic transition: Average births
Figure 11: Crude birth rate versus log GDP per capita
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3.1 Distribution of GDP Per Capita Levels at the Start of Transitions

The distribution of the log GDP per capita levels at the start of both the CBR and CDR transitions

appear to have uni-modal distributions which might be adequately approximated by a normal distri-

bution. Table 2 summary statistics for the estimated normal distributions for CBR and CDR for 3

samples each: the full sample, a sample of early starters, and a sample of late starters. Different cut-off

dates were used to divide the CBR and CDR samples because the start dates for CBR and CDR have

different temporal distributions.

As can be seen, the parameters of the distribution do not change significantly between the two

subsamples, except possibly the variance for CBR.

Table 2: Distribution GDP per capita at transition start

log GDPPC GDPPC
Sample Mean St. Err. Skew. Ex. Kurt. Mean 95th Pctl. N. Obs.
CBR all 7.33 0.61 -0.20 0.05 1823.2 3758.6 111
CBR < 1950 7.53 0.43 -0.01 -1.32 2039.5 3494.2 27
CBR ≥ 1950 7.27 0.64 -0.07 -0.05 1753.7 4433.1 84
CDR all 7.09 0.48 -0.24 -0.73 1333.6 2474.6 44
CDR < 1925 7.22 0.42 -0.18 -0.69 1487.7 2606.0 27
CDR ≥ 1925 6.87 0.51 0.03 -1.10 1088.7 2070.8 17

12
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The demographic transition: Average deathsFigure 10: Crude death rate versus log GDP per capita
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its inflection point with the lines y = α0 and y = α1. According to this estimation, the “average” pre-

transition CDR for the entire sample is 19.5 per year per 1000 people, and the pre-transition CBR for

the entire sample is 47.5. The estimated post-transition CBR and CDR for the entire sample are 8.6 and

10.8, respectively. The crude death rate transition is estimated to start, on “average,” when a country

achieves a real GDP per capita of $1,200. The “average” start of the CBR transition is estimated to be

at $659. The end of the the CDR and CDR transitions are placed at $4,675 and $15,678, respectively.

11
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Germany’s population pyramid
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United States’ population pyramid
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China’s population pyramid
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Chad’s population pyramid
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Basic malthusian model
Figure 1: Insert Title Here

y∗

y∗

Fertility

Mortality

Land per Capita

Population

Income

Income1

22



Comparative statics 1

• Let us suppose that in a Malthusian world, we have two countries, the first one with better health

conditions (i.e., better medical system, vaccines, or better sanitation).

• The first country will have a lower mortality line.

• From our previous analysis:

1. Income per capita will be lower in the first country.

2. Population density will be higher.
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Comparative statics 1
Figure 2: Improved Sanitation (Lower Mortality Rates)
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Historical example

• Preindustrial Europe was particularly filthy, especially in comparison with Japan.

• Simultaneously, Japan was poorer and had a higher population density.

• Evidence:

1. Cleanliness of Japanese was emphasized by European travelers between 1543 and 1811.

2. Toilets in Japan were built at some distance from living quarters, in England even the upper classes built

their toilets adjacent to the bedrooms.

3. Houses in Japan had raised wooden floors and outside shoes were taken off at the entrance. In England,

the dwelling had beaten earth follors covered by rushers that were only infrequently renewed.

4. In the 1710s, English per capita soap consumption was less than 0.2 ounces per day. Convicts

transported to Australia around 1850 got a ration of 0.5 ounces per day.
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Comparative statics 2

• Let us suppose that in a Malthusian world, we have two countries, the first one where women marry

late (perhaps because of religious reasons) and one where women marry early.

• The first country will have a lower fertility line.

• From our previous analysis:

1. Income per capita will be higher in the first country.

2. Population density will be lower.
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Comparative statics 2
Figure 3: Preference Changes (Lower Fertility Rates)
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Historical example

• Hajnal line between Saint Petersburg to Trieste.

• European Marriage pattern:

1. High marriage age of women (around 25-26).

2. A substantial proportion of women remained celibate (around 25%).

• It seems to appear in the later Middle ages.

• Why?

• Alternative mechanisms for fertility control: abortion, infanticide, extended lactancy.

28



Hajnal line
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Comparative statics 3

• Let us suppose that in a Malthusian world, we have two countries, the first one with higher

productivity than the second.

• From our previous analysis:

1. Income per capita will be the same in both countries.

2. Population density will be higher in the first country.
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Comparative statics 3
Figure 1: Technological Improvement
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Historical example

• Historical Example: China versus Europe.

1. Rice delivers more units of calories per unit of land than wheat: productivityrice >productivitywheat .

18th century, one hectare produced if 7.5 million calories if Rice, 1.5 if wheat, 0.34 if meat.

2. Hence, income per capita will be roughly the same, but China will be denser.

• Cultivation of different cereals may have many important consequences for economic growth and

social organization (Wittfogel, Hydraulic Despotism).
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Comparative statics 4

• Let us suppose that in a Malthusian world, we have two countries, the first with an Emperor that

taxes τ of agricultural production to finance his private consumption, for example, a grand palace.

• We have that the after-tax income is then ỹ = (1− τ) y .

• With this new technology level, the analysis goes through unchanged with respect to the previous

case:

1. Income per capita will be the same in both countries.

2. Population density will be lower in the first country.
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Political economy consequences

• Hence, the cost of the palace is less population, not a lower income for the existing population.

• Similarly, having a landed gentry obtaining a huge rent from farmers only implies lower population,

not higher income:

1. Elites may live much better if productivity increases (and hence taxes), even if the average person does

not improve.

2. Strong limit to the effects of redistribution.

• Historical example: land reform in France during the revolution.
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Dynamics of the model I

The waves of population

“What has changed entirely is the rhythm of the population increase. At present it registers a

continuous rise, more or less rapid according to society and economy but always continuous. Previously

it rose and then fell like a series of tides. This alternate demographic ebb and flow characterised life in

former times, which was a succession of downward and upward movements, the first almost but not

completely cancelling out the second. These basic facts make almost everything else seem secondary.”

Fernand Braudel, Civilization and Capitalism, 15th-18th Century: The structure of everyday life, p. 30.
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Dynamics of the model II

• Population grows when density is low and income per capita is high.

• Let us suppose we are at the steady state and that an epidemic wipes out 50 percent of the

population:

1. Income per capita will immediately rise by.

2. Population will begin to increase (lower mortality and higher fertility).

3. Eventually, we will end up in the same steady state as before.

• Historical example: Black Death in Europe in 1348.

• Robert Brenner’s view: economic transformation in Europe.
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Spread of the black death, 1346-1353

Map 1. Spread of the Black Death in the Old World, 1346–53
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Real agricultural day wages, England, 1209-1869

THE LONG MARCH OF HISTORY 109

© Economic History Society 2006
Economic History Review, 60, 1 (2007)

The resulting estimate of real purchasing power of a day’s wages for a
male agricultural labourer is given in appendix table A2. It is also shown by
decade in figure 4, as well as in the last column of table 1, where 1860–9
is set to 100. Displayed for comparison in figure 4 is an estimate of building
labourer’s real wages calculated using the same cost of living index.16 The
two real-wage series move in relative harmony, except that after 1650

16 The labourers’ nominal wages are from Clark, ‘Condition of the working class’.

1750–9 60.2 46.6 49.8 125.9 96.1 115.9 34.0 93.5 66.8
1760–9 66.0 47.9 54.2 127.9 96.4 125.0 34.7 97.2 70.9
1770–9 75.2 55.2 61.9 137.4 103.1 132.4 40.4 95.3 78.7
1780–9 77.0 57.3 64.1 132.2 103.2 138.4 39.5 94.9 80.2
1790–9 93.1 68.6 77.1 123.9 116.1 152.1 49.4 97.2 92.9
1800–9 133.4 96.9 109.9 161.1 146.4 196.6 72.1 110.9 126.5
1810–9 145.4 118.1 118.2 180.0 158.7 211.2 91.6 122.1 141.2
1820–9 102.7 103.7 95.5 163.4 142.5 129.3 91.9 115.7 111.5
1830–9 98.6 97.5 83.4 129.7 132.4 110.4 91.7 111.5 103.3
1840–9 100.9 95.3 83.5 115.9 117.7 104.5 85.0 108.8 101.1
1850–9 98.0 87.7 88.4 104.3 103.6 97.8 87.5 96.5 96.2
1860–9 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Decade
Grain and

potatoes Dairy Meat Drink Fuel Light Housing Clothing
Cost of
living

Note: The index for each commodity and overall is set to 100 for 1860–9.

Table 5. Continued

Figure 4. Real agricultural day wages, 1209–1869
Notes: The figure shows decadal averages of real farm wages from 1200–9 to 1860–9, with 1860–9 set to 100. The 
wage of building labourers is shown for comparison.
Source: Clark, ‘Condition of the working class’, tab. 1.
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Mechanisms for change

• Farming vs. manufacturing/services economy.

• Child labor.

• Survival rates.

• Modern financial markets and social security.

• Quantity-quality trade-off.

• Contraceptive technologies.

• Cultural norms (including gender roles).
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Italy’s pension reform

 

 
 
Table 1. Differences between individuals who are affected and unaffected by the reforms. +/- 

1 year-window around the reforms’ thresholds. 
 
 Unaffected 

(up to - 1 year)
Affected 

(up to +1 year)
Number of children (up to 1993) 1.3831 1.3788 
 (0.0742) (0.0802) 
   
Number of children (after 1993) 0.3134 0.4899*** 
 (0.0421) (0.0468) 
   
Number of children (up to 1996) 1.4627 

(0.0730) 
1.5101 

(0.0800) 
   
Number of children (after 1996) 0.2338 0.3586** 
 (0.0360) (0.0410) 
   
Total number of children (up to 2006) 1.6965 

(0.0699) 
 

1.8687* 
(0.0772) 

   
   
N 201 198 
Standard errors in parentheses. 
Significance levels on the 2-tail t-test on the hypothesis of difference between the affected and the unaffected: * 
significant at 10%; ** significant at 5%; *** significant at 1%   
Source: own analyses on Bank of Italy’s Survey on Household Income and Wealth (joint dataset waves 1998, 2000, 
2002, 2004, 2006).  
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Expansion of Rede Globo
12	 American Economic Journal: applied economics� october 2012

the number had increased to 1,300, and in 1991 it had increased to 3,147. Figure 2 
shows the geographic expansion of the network between 1970 and 2000. Lighter 
colors correspond to an earlier exposure to the signal (with the exception of white, 
which stands for “no signal”). This figure suggests that the entry of Globo into dif-
ferent areas may not have been random. Globo reached the most developed parts of 
Brazil first, which is potentially a concern for our identification strategy. However, 
we show that after controlling for our time-varying controls and for AMC fixed 
effects there seems to be no evidence of selection on unobservables correlated with 
fertility trends.

To motivate our analysis and help us interpret the results, we have collected 
a large amount of data on the content of individual novelas broadcast by Rede 
Globo since the start of its operations. Rede Globo traditionally airs three sets of 
novelas: at 6 pm, which are typically historical stories and have the lowest audi-
ence; at 7 pm, which are mostly contemporary comedies with elements of con-
spiracy; and at 8 pm, which are heavily focused on social issues and have by far 
the highest audience.

For all the 7 pm and 8 pm novelas from 1965 to 1999, we coded the age of first 
female character, number of children of first female character, marital status of first 
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Figure 2. Rede Globo Expansion across Space
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fertility trends across areas, after controlling for time varying controls, time invariant 
area characteristics, and a common trend. To assess the plausibility of this assump-
tion, we proceed in several ways.

First of all, we exploit the exact timing of births to test whether the decline in 
fertility occurs in correspondence with the introduction of Rede Globo in an area, or 
if it precedes it. For this purpose, we estimate regression (1) substituting the Globo 
coverage variable ​G​jt​ with a full set of dummies going from nine years before the 
introduction of Globo to nine years after. In particular, we estimate

(4) 	 ​B​ijt​ = ​α​−9​ ​D​−9​ + ⋯ + ​α​0​ ​D​0​ + ⋯ + ​α​+9​ ​D​+9​ + ​X​ijt​ β + ​μ​j​ + ​λ​t​ + ​ε​ijt​ ,

where ​D​0​ is a dummy for the year of Globo entry; ​D​−s​ is a dummy for s years before 
Globo entry; and ​D​+s​ is a dummy for s years after Globo entry. Note that, because 
entry occurs at different times in different AMCs, ​D​0​ corresponds to, say, 1980 for 
certain AMCs, 1987 for others, etc. The estimated coefficients {​​  α​​−9​, … , ​​  α​​+9​} are 
displayed in Figure 4 together with 95 percent confidence bands.

Figure 4 shows that the decline in fertility does not occur before Globo entry. 
None of the coefficients for the years preceding entry, nor the coefficient for the year 
of entry itself, are significantly different from zero. The negative effect of Globo on 
fertility is realized one year after its entry, consistent with the delay related to the 
length of pregnancy, and persists at similar levels as in the immediate aftermath of 
entry in subsequent years. The rapid impact of TV introduction is consistent with 
that found by Jensen and Oster (2009) in the Indian context. This result increases 
our confidence in the validity of our identification strategy, as it would be difficult to 
explain the discontinuous decline in the year immediately following Globo’s entry 
as a result of trends in unobservables.

A second way to investigate the nature of the possible selection in Globo entry is 
to test whether the date of entry of Globo in a given area is correlated with fertility 
rates at the beginning of the period, i.e., in the 1970 census. We aggregate the data 
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Figure 4. Timing of Fertility Decline around Year of Globo Entry

Note: Estimated coefficients and 95 percent confidence interval from a regression of the probability of giving birth 
on a set of dummies from t − 9 to t + 9, where t = 0 is the year of Globo entry.
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