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“It is not the strongest of the species that survive, nor the most 
intelligent, but the one most responsive to change.''  

Charles Darwin 
 
 

  



Objective: 
 
Unified evolutionary growth theory (the first 
one) that captures the co-evolution of: 
 
- Homo Sapience 
 
- Economies 
 
in the long transition from an epoch of 
Malthusian stagnation to sustained growth. 
 
The theory suggests that: 
 
- The epoch of stagnation that has characterized 
most of human history led to a process of natural 
selection that transformed the characteristics of 
the human population and made them more 
complementary to the growth process  
 
- The change in the composition of the 
population was a necessary condition for the 
take-off from an epoch of stagnation to sustained 
economic growth  



 
The theory captures 2 distinct regimes that have 
characterized the process of economic 
development and the endogenous transition from 
one to another: 
  
 
I. Malthusian Epoch:                   (     - 1750) 
 
 
II. Take-off: 
 

(a) Early take-off            (1750-1870) 
   

 
(b) Demographic Transition &  

Sustained Growth:         (1870-        )     
 
Fundamental Premise : 
 
During the Malthusian Epoch, the composition of 
characteristics of the human species that are highly 
relevant for the understanding of the origin of 
economic growth has not been stationary. Hereditary 
human traits, physical or mental, that raised earning 
capacity, generated an evolutionary advantage  
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Figure I
Output Per Capita in Western Europe in the Years 0-2000



Figure 1b: Western Europe's 
Growth Rates of Per Capita GDP 
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I.  Malthusian Stagnation: (  – 1750) 
 
In this epoch of Malthusian stagnation the world 
economy is in the proximity of a Malthusian 
equilibrium: 
 
• Population growth is positively related to the 

level of income per capita. 
  
• Technological progress exits but it is slow and 

it results in a proportional increase in output 
and population. 

 
• Output per capita fluctuates around a 

subsistence level. 
 
Evidence:  
 
Madison (2001)  
 
For Western Europe: 0-1750 
  
• Growth in output per-capita:  0.0%  
• The rate of population growth increases: 0.1% 



Other Evidence:  
 
Income: 
 
• Chao (1986)  

Real wages in China were lower at the end of the 
18th century than they had been at 0. 

 
• Clark (1957)  

Income per capita in Greece in 400 BC was 
similar to that in Britain in 1850 or Germany and 
France in 1870. 

 
•  Mokyr (1990) & Lucas (1999) 

The rise in living standards above the 
subsistence level is only a few centuries old, 
even in the richest countries.  

 
Population: 
 
• Livi-Bacci (1997)  

0 – 1750: population growth rate in the world 
0.064% per year. 

 
 
 



Income and Population: 
 
• Lee (1997)  

Positive income elasticity of fertility  
in pre-industrial countries.  
 

• Wrigley and Schofield (1981)  
Strong positive correlation between real wages 
and marriage rates in England over the period 
1551-1801.  

 
•  Livi-Bacci, (1997)  

Negative shocks to population, such as the 
Black Death, generated higher real wages and a 
lower age of marriage.  

 
•  Stone (1977) and Haines (1997)  

Settlers from North-West Europe who came to 
the American colonies, where land was 
abundant, married early and bred prolifically. 
 

 
 



 
II.  Early Take-off (1750-1870) 
 
In these intermediate stages of development the 
world economy takes-off from Malthusian 
stagnation:  
 
• Population growth is still positively related to 

the level of income per capita. 
 
• The growth rates of technology and total 

output increase. 
 
• Technological change causes a larger increase 

in output than in population, but population 
growth absorbs most of the growth of output. 

 
• Income per capita rises slowly. 



 
Evidence:  
 
Madison (1982, 1995) 
 
For Western Europe 
 
• Growth in output per-capita increases: 

  
  1700 – 1820 0.2%  
1820 – 1870 1.0% 

 
• The rate of population growth increases: 

  
  1700 – 1820 0.4% 
  1820 – 1870 0.7% 
 



 
III. Demographic Transition & 
Sustained Growth  (1870 - ) 
 
In these mature stages of development 
economies experience demographic transitions - 
a decline in population growth accompanied by 
an increase in output growth  
 
• The positive relationship between income per 

capita and population growth is reversed.  
 
• The growth rates of technology and total 

output intensify. 
 
• Population growth declines  
 
• Income per capita rises rapidly and steadily. 



 
Evidence: 
 
 Madison (1995)  
 
For Western Europe 

 
• Growth in output per-capita increases: 

 1870 -  1929   1.2% 
 1929 -  1990   2.2% 

 
• The rate of population growth decreases: 
   1870 – 1929   0.64% 

 1929 – 1990   0.57% 



Malthusian Epoch vs. Sustained Growth 
 
Output Growth 
 
• In recent centuries: 
Output per-capita grows at positive and 
sustainable rate. 
 
• In the Malthusian Epoch 
Output per-capita fluctuates around a constant 
level. 
 
 
Population growth and Income: 
 
• In the recent century:  
Negative relationship between population 
growth and income per capita  
 

• Through most of history 
Positive relationship between population growth 
and income per capita  
 



Fundamental Questions: 
 
• How does one account for the sudden spurt in 

growth rates of output? 
 
• Why had waves of rapid technological 

progress not generated sustained economic 
growth in the Pre-Industrial Revolution era? 

 
• Is there a unified theory that account for the 

intricate evolution of economic growth and 
mankind since the origin of the human 
species? 

 
 
 



 
Fundamental Premise: 
 
• In light of the Darwinian theory, it appears that the 

long Malthusian stagnation generated an 
evolutionary pressure on the human species that 
gave an evolutionary advantage to the fittest. 
During the Malthusian Epoch, the composition of 
characteristics of the human species that are highly 
relevant for the understanding of the origin of 
economic growth has not been stationary. 
Hereditary human traits, physical or mental, that 
raised earning capacity, generated an evolutionary 
advantage 

 
• The evolution of the human brain in the transition 

to Homo Sapience and the complementarity 
between brain capacity and the reward for human 
capital has increased the evolutionary optimal 
investment in offspring's quality. 



 
The Main Hypothesis 
 

• The epoch of stagnation that has 
characterized most of human history led to a 
process of natural selection that transformed 
the characteristics of the human population 
and made them more complementary to the 
growth process.  

 
• This evolutionary change is the trigger of 

the take-off from an epoch of stagnation to 
sustained economic growth 

 
• Most of this evolutionary change occurred in 

the transition from the Neolithic Revolution 
to the Industrial Revolution (i.e. over about 
10,000 years) 

 



  
Evidence for Rapid Evolutionary Changes  
 
Other Species: 
 
 

1. The color change that peppered moths underwent 
during the 19th century.  

 
Duration: 300-500 generations  
(Kettlewell, 1973). 

 
2. Major evolutionary changes in Darwin's Finches  
 

Duration:  1 generation. 
(Grant and Grant, 1989).  

 
3. Dramatic Changes in color patterns of Guppies:  
 

Duration: within 15 generations.  
(Endler (1986)). 



English Peppered Moths  
 

 
The color change that English peppered moths underwent during the 1800s is a 
classic example of the speed of natural selection. Before the Industrial 
Revolution took place in England in the late 1700s, light-colored English 
peppered moths that blended with the lichen -covered bark of trees were far 
more prevalent than dark-colored English peppered moths. However, pollution 
from the Industrial Revolution killed the lichen on trees, leaving their dark bark 
exposed, and the contrasting light-colored moths became easy prey for birds. 
The dark English peppered moths, camouflaged on the dark bark, soon became 
far more common than the lighter varieties in polluted areas.  



 Human Species: 
 
4.   Lactose Tolerance  
 

Developed among European and Near Easterners since 
the domestication of dairy animals in the Neolithic 
revolution. In regions that were exposed to dairy animals 
in later stages the population does not retain the ability to 
digest lactose into adulthood. 
 
Duration: within 10,000 years.  

 
5.  Gluten Tolerance  
 

The ability to tolerate a protein present in wheat, rye, 
barley, and some oats, first domesticated in the course of 
the agricultural revolution. 
 
 Duration: within 10,000 years. 

 
6.  Sickle Cell Trait 
 

Genetic immunity to malaria provided by the sickle cell 
trait developed among Africans engaged in slash-and-
burn agriculture - a method that generated an ideal 
breeding ground for mosquitoes and thereby high 
incidence of malaria. Absent in nearby populations that 
have not made the transition to agriculture. 
Duration: within 10,000 years.  



 The Basic Structure of the Model 
 
• Overlapping-generations economy 
  
• Single homogeneous good. 
 
• 2 factors of production: 

- Efficiency units of labor,  
- Land 

 
Factor Supply: 
 
The supply of land is fixed over time.  
 
 
The number of efficiency units of labor is 
determined by the evolution in the composition 
of the population and households' decisions in 
the preceding period regarding the number and 
level of human capital of their children. 



Individuals 
 

 
Heterogeneous individuals 
 
 

Individuals live for 2 period 
 
• 1st Period: (Childhood) 
Consume a fraction of their parental unit-time 
endowment. The required time increases with 
children's quality. 
 
• 2nd Period (Parenthood) 
Individuals allocate their time between 
childrearing and labor force participation. They 
choose the optimal mixture of quantity and 
quality of children and supply their remaining 
efficiency units of labor in the labor market. 
They earn the competitive market wage per each 
efficiency unit of labor and consume.  

 
 

 





•  The Darwinian Elements  
 
The second element incorporates the main 
ingredients of the Darwinian world (i.e., variety, 
natural selection, and evolution) in a changing 
economic environment originated in a Malthusian 
stagnation. 
 
 
Preferences 
 
- Preferences reflect the implicit Darwinian survival 

strategy. Although individuals do not operate 
consciously so as to assure the evolutionary 
advantage of their type (i.e., their variant within the 
species), the existence of variety of types enables 
nature to select those who fit the economic 
environment (assuring the survival of the human 
species). 





• Subsistence consumption constraint: 
assures the survival of the parent and hence the 
survival of the lineage (dynasty).  

 
• Consumption beyond subsistence: 
 

- Positive Effect on: 
 

Parental fitness & the survival of the lineage 
 
via increase in: 

 
- Parental resistance to adverse shocks (e.g., 

famine, disease, and variability in output),  
 
- labor productivity (via improved 

nourishment)  
 
-   Negative Effect on: 
 
 the survival of the lineage. 

  
(due to reduction in resources to offspring ) 

 



 
• Trade-off between child quantity & quality reflect 

the implicit Darwinian survival strategy 
 
a quantity-biased preference  has 
 
- Positive effect on: 
 
Fertility rates (evolutionary advantage) 
 
- Negative effect on 
 
Quality of offspring & their income (fitness)  
In the pre-demographic transition era, when 
fertility rates are positively associated with 
income levels, this effect generates an 
evolutionary disadvantage. 





Main Result: 
 
In the pre-demographic transition era, when 
fertility rates are positively associated with 
income levels, the Malthusian pressure 
generates an evolutionary advantage to 
individuals whose preferences are biased 
towards child quality increasing their 
representation in the population.  
 
“The smallest grain in the balance, in the long  
run, must tell on which death shall fall and 
which shall survive''  
 
“`What a trifling difference must often 
determine which shall survive and which 
perish!''                                        

Charles Darwin 



• Endogenous Technological progress 
 
The third element links the evolution of the human 
species to the process of economic growth.  
 
Human capital is assumed to have a positive effect on 
technological progress and therefore on economic 
growth  
 
Educated individuals have a comparative advantage in 
implementing new technologies (e.g., Nelson-Phelps (1966), 
Easterlin (1981), and Doms, Dunne, Troske (1997)).  
 
Hence, the Malthusian pressure, which increases the 
representation of individuals whose preferences are 
biased towards child quality, has a positive effect on 
the average quality of the population and therefore on 
the rate of technological progress.  
 
 
  
 



•  Technological transition raises the 
return to human capital 

 
The fourth element links the rise in the rate of 
technological progress to the demographic transition 
and sustained economic growth. 
 
The introduction of new technologies is skill-biased 
in the short-run, although technologies may be skill-
biased or skill- saving in the long run. 
 
Consistent with:  

 
Schultz (1964) 
 
Comparative advantage for educated individuals 
to cope with technological change. 



 
§ Goldin and Katz (1998)  
 
Technology-skill complementarity 
 
 
§ Foster-Rosensweig (AER 1996).  
 
Technological change during the Green 
Revolution in India raised the return to 
schooling. 
 
 
§ Bartel and Sicherman (JPE 2000)  
 
Reward to human capital is higher in the 
presence of technological progress.  
 



Figure V(a)

The Evolution of Education and Technological Progress in the 
Absence of Individuals of the Quality Type in the Population
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Figure VI(a)

The Evolution of Technological Progress and Effective Resources in the 
Absence of Individuals of the Quality Type in the Population
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Mutation 
 
Mutation introduces a very small number of 
individuals of “the quality type” - who places higher 
weight on the quality of their children.  
 
The economy consists of two types of individuals: 
the “quality type”  
the “quantity type”  
 
The economy remains in the vicinity of a temporary 
locally stable Malthusian steady-state equilibrium. 
 
Since the fraction of individuals of the quality type is 
small, the rate of technological progress is slow, 
inducing little investment in quality, and resulting in 
proportional increases in output and population.  



Figure V(b)

The Evolution of Education and Technological Progress for a Small 
Fraction of Individuals of the Quality Type
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Figure VI(b)

The Evolution of Technological Progress and Effective Resources for a Small 
Fraction of Individuals of the Quality Type
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Evolutionary Advantage for the Quality-Type 
 
Individuals with a preference bias towards quality of 
offspring have an evolutionary advantage over 
individuals of the quantity type. (That is, the fraction of 
individuals of quality type rises in the population, despite their preference 
bias against the quantity of their offspring). 
 

Individuals of the quantity type: 
- income near subsistence  
- fertility rates near replacement level.  
 
Individuals of the quality type 
- higher income 
- higher fertility rates (of higher quality offspring).  
 
 



Figure VII

The Evolutionary Advantage of Individuals of the Quality Type in the 
Malthusian Epoch
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Early Take-off 
 
Technological progress becomes more rapid due to 
the increase in the fraction of individuals of the 
quality type. The incentive to invest in quality 
increases, investment in quality becomes universal, 
and the economy takes-off from the Malthusian 
regime since more individuals invest in quality.   
 
The dynamical system changes qualitatively, the 
Malthusian temporary steady state vanishes 
endogenously and the economy takes-off from the 
Malthusian trap.  
 
The positive feedback between the rate of 
technological progress and the level of education 
reinforces the growth process, setting the stage for an 
Industrial Revolution.  
 



 
The pace of technological progress induces parents to 
substitute quality for quantity of children.  
 
Technological progress has 2 effects on population 
growth:  
 
1. Income Effect 
More resources for raising children 
 
2. Substitution Effect 
Reallocation of resources towards child quality.  
 
The income effect dominates: 

both population quantity and quality increases. 
  
Output per capita increases along with an increase in 
the rate of population growth.  
 
 
 



 
Demographic Transition & Growth 
 
Technological progress intensifies due to the gradual 
increase in the level of human capital 
 
The return to human capital increases further.  
 
Parents are induced to further substitute child quality 
for quantity  
 
The substitution effect dominates generating a 
demographic transition: 

the rate of population growth declines along with 
an increase in quality.  

 
The economy converges to a steady-state equilibrium 
with sustained output growth. 
 



Reversal in the Evolutionary pattern: 
 
During the transition from the Malthusian stagnation 
to the Modern growth regime, once the economic 
environment improves sufficiently the evolutionary 
pressure weakens and the significance of quality for 
survival (fertility) declines. 
 
The inherent advantage of the quantity type in 
reproduction gradually dominates (as time rather than 
income becomes the binding constraint for child 
rearing) and fertility rates of the quantity type 
ultimately overtake those of the quality type.  
 
The fraction of individuals of the quality type starts 
declining and the quantity type dominates the long 
run equilibrium.  



Alternative Evolutionary Mechanisms  
 
Evolution of Intelligence 
 
Complementarity between intelligence and 
investment in quality 
 
 
Evolution of Life Expectancy 
 
Complementarity between Life Expectancy and 
investment in quality 
 



Have these traits completed most of their 
evolutionary change tens of thousands of 
years before the take-off? 
 

• Intelligence has not evolved significantly 
since the emergence of Homo Sapience  

 
Intelligence may have reached (temporary) 
evolutionary optimum that reflects the trade-off 
between the benefits and energy cost associated with 
lager brain).  
 
 

• Quality-bias has not reached a complete 
domination very early in the evolution of 
mankind. 

 



 
Reasons for valuation for Quality being 
below optimum: 

 
Evolution of the human brain in the transition to 
Homo Sapience &  
 
Complementarity between brain capacity and 
reward for human capital  
 
à Increase in the evolutionary optimal 
investment in offspring's quality.  
 


