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Introduction

Evolutionary Growth Theory

Explores the interaction between adaptation & the development process

The effect of the development process on:

The adaptation of the population

The impact of adaptation on:

The development process
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Introduction Main Hypothesis

Main Hypothesis

The Malthusian pressure affected

The size of the population
The composition of the population

Traits that were complementary to the growth process during this epoch

Generated higher income
Higher reproductive success
Became more prevalent in the population

Human adaptation

Raised the prevalence of complementary traits to the growth process
Reinforced the growth process
Stimulated the take-off from stagnation to growth
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Introduction Main Hypothesis

Major Adaptation

Increased in the predisposition towards investment in child quality

Triggered by the rise in the return to human capital due to:

Dramatic increase in brain capacity

Complex human interaction after the Neolithic Revolution

The increased prevalence of HC reinforced the growth process

Expedited the the demographic transition

Stimulated the take-off from stagnation to growth
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Main Hypothesis Darwin’s View

Charles Darwin (1809-1882)
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Main Hypothesis Darwin’s View

The Critical Impact of Malthus on Darwin

”In October 1838, that is, fifteen months after I had begun my systematic

inquiry, I happened to read for amusement Malthus on Population, and being

well prepared to appreciate the struggle for existence from long-continued

observation of the habits of animals and plants, it at once struck me that

under these circumstances favorable variations would tend to be preserved,

and unfavorable ones to be destroyed.” Charles Darwin

’Favorable’ traits (i.e., adaptable to the environment) will be preserved

Yet, Darwin did not envision the impact of this adaptation on the
(technological) environment
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Main Hypothesis Speed of Adaptation

But Can this Adaptation be Rapid Enough to Affect the Growth Process?

Biological vs. Cultural Adaptation

Biological adaptation (vertical transmission) is slower

Cultural Adaptation (vertical & horizontal transmissions) is more rapid

Significant portion of the adaptation can be viewed as cultural

Yet biological adaptation is viable too
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Main Hypothesis Speed of Adaptation

Rapid Evolutionary Processes in the Composition of the Population

Evolution of new traits may be a slow process

The human eye evolved over 540 millions of years

Rapid evolution in the composition of existing traits in a population

Evolution of the English Peppered Moth (few hundreds generations)

Triggered by industrial pollution

Evolution of Darwin’s Finches (few generations)

Triggered by drought in the Galápagos

Evolution of guppies’s decoration (15 generations)

Triggered by the introduction of new predators
Trade-off: attracting sexual mates & predators
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Main Hypothesis Speed of Adaptation

Rapid Evolution of the English Peppered Moth
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Main Hypothesis Speed of Adaptation

Rapid Evolution Darwin’s Finches Composition - Daphne Major, Galápagos
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Main Hypothesis Speed of Adaptation

Rapid Evolution in the Composition of Darwin’s Finches

Severe drought on the Daphne Major Island (Galápagos)

Competition over scarce resources: inspects, cactuses & seeds

Increase in the fraction of large finches with larger beaks

Enhanced partly by sexual selection
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Main Hypothesis Speed of Adaptation

Rapid Evolution the Composition of Guppies Triggered by New Predators
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Main Hypothesis Speed of Adaptation

Evolutionary Changes in Humans in the Past 10,000 Years

Emergence of Lactose Tolerance

Provided the ability to digest lactose in adulthood across regions

Geographical variations triggered by the intensity of the domesti-
cation of dairy animals

Emergence of the Sickle Cell Trait

Carriers are provided by a natural immunity to malaria

Geographical variations Triggered by the intensity of the engage-
ment in slash-and-burn agriculture

Intensification of the immune system & pigmentation

Variations reflect the timing of the Neolithic transition (Mathieson et al., 2015)
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Main Hypothesis Predisposition Towards Child Quality

Major Adaptation

Increased in the predisposition towards investment in child quality

Triggered by the rise in the return to human capital due to:

Dramatic increase in brain capacity

Complex human interaction after the Neolithic Revolution

The increased prevalence of HC reinforced the growth process

Expedited the the demographic transition

Stimulated the take-off from stagnation to growth
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Main Hypothesis Quantity-Quality Trade-off

Quantity vs. Quality Strategies [r-K Strategies]

Quantity Strategists (r-strategists)

Species that produce many offspring & invest lightly in each of them

→ Offspring has a low probability of surviving to adulthood

Quality Strategists (K-strategists)

Species that produce few offspring & invest heavily in each of them

→ Offspring has a high probability of surviving to adulthood
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Quantity vs. Quality Strategies [r Strategy]
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Main Hypothesis Quantity-Quality Trade-off

Quantity vs. Quality Strategies [K Strategy]
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Main Hypothesis Quantity-Quality Trade-off

Evidence for a Quantity-Quality Trade-off [r-K Strategies]

Plants

Trade-off between the number and size of seeds

Animals

Trade-off between the number of offspring and their size

Humans

Trade-off between the number of children and their human capital
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Evolutionary GrowthTheory Main Elements

The Benchmark Model – Galor-Moav (QJE 2002)

Main Existing Elments (Present in UGT):

The Malthusian Structure (unchanged)

Sources of Technological Progress (modified)

Origins of Human Capital Formation (unchanged)

Triggers of the Demographic Transition (unchanged)

Novel Element:

The Darwinian Structure (novel)
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Evolutionary GrowthTheory Main Elements

Sources of Technological Progress – Modified

Educated individuals have a comparative advantage in advancing & adopting

new technologies

et ↑ =⇒ gt+1 ↑

et ≡ average education (quality) of the population at time t

gt+1 ≡ rate of tech progress between time t and time t + 1

But, the scale of the population has no impact on technological progress

Modeling assumption: Design to illustrate the role of natural selection even in the absence of scale

effect
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Evolutionary GrowthTheory Main Elements

Technological Progress
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Evolutionary GrowthTheory The Darwinian Structure

The Darwinian Elements

Variety

Preferences for child quality differ across individuals

Two types of individuals: Quality type & Quantity type

Natural selection

Evolutionary advantage for types with the highest reproduction success

Evolution

Changes in the composition of types
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Evolutionary GrowthTheory The Darwinian Structure

Preferences

The utility function of a member i of generation t (adults at time t)

uit= (1− γ) ln c it+γ[ ln nit+βi ln hit+1]

c it ≡ consumption of individual of type i in generation t

nit ≡ number of children of individual of type i in generation t

hit+1 ≡ human capital of each child of member i of generation t

βi ≡ predisposition towards quality of individual of type i

Intergenerational transmission of predisposition towards quality

βi
t+1 = βi

t = βi
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Evolutionary GrowthTheory The Darwinian Structure

Preferences

Preferences reflect the implicit Darwinian survival strategy.

Capture the most fundamental trade-offs in nature:

Resources allocated to the parent vs. offspring

Resources allocated to the number vs. quality of offspring

Individuals do not operate consciously so as to assure the evolutionary
advantage of their type (i.e., their variant within the species)

Yet, the existence of variety of types enables nature to select those
who are most adaptable to the economic environment
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Evolutionary GrowthTheory Optimization

Investment in Child Quality of the “Quantity Type” (type b)
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Evolutionary GrowthTheory Optimization

Investment in Child Quality of the “Quality Type” (type a)

tg

)( t
a ge

te

Oded Galor Human Adaptation & Growth March 14, 2024 28 / 41



Evolutionary GrowthTheory Optimization

Aggregate Investment in Child Quality (weighted by the fraction q of the quality type)
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Evolutionary GrowthTheory Optimization

Optimization – Malthusian Epoch

Time Devoted to
Raising Children

c~

γ

Subsistence
Consumption

Income Expansion
Path

Consumption

τ
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Evolutionary GrowthTheory Differential Reproductive Success

Evolutionary Advantage of the Quality Type

tcc~

Time spent
raising
children

γ

Subsistence
Consumption

IEP
by Quality type

by Quantity type
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Evolutionary GrowthTheory Differential Reproductive Success

Evolutionary advantage of the “Quality Type” (till the demographic transition)
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Evolutionary GrowthTheory The Dynamical System

The Dynamical System

A sequence {xt , gt , et , qt}∞
t=0 such that:


xt+1 = x(gt , xt , qt)

qt+1 = q(gt , xt , qt)

gt+1 = ψ(et)

et = e(gt , qt)

qt ≡ the fraction of the quality type in the population at time t
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Evolutionary GrowthTheory The Dynamical System

Conditional Evolution of Technology and Education

{gt , et ; q}∞
t=0 such that for all t

{
et = e(gt ; q)

gt+1 = ψ(et).

q ≡ the fraction of the quality type in the population
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Evolutionary GrowthTheory The Dynamical System

Technological Progress
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Evolutionary GrowthTheory The Dynamical System

Technological Progress - Flipped Axis
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Evolutionary GrowthTheory The Dynamical System

Evolution of Education & Technology: Malthusian Equilibrium
The fraction of the “Quality Type” q ∼ 0
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Evolutionary GrowthTheory The Dynamical System

Evolution of Education & Technology: Malthusian Equilibrium
Fraction of the “Quality Type” Increases due to Natural Selection – q > 0

);( 11 qgee tt ++ =

)(1 tt eg ψ=+te

tg

)(qe H

)(qe L

)(qg L bg )(qgU )(qg H

Oded Galor Human Adaptation & Growth March 14, 2024 38 / 41



Evolutionary GrowthTheory The Dynamical System

Evolution of Education &Technology: Take-off
Fraction of the “Quality Type” Increases due to Natural Selection beyond q̂
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Evolutionary GrowthTheory Time Path of g & q

The Evolution of the fraction of the Quality Type (q) & TFP Growth (g)
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Evolutionary GrowthTheory Concluding Remarks

Evolutionary Growth Theory

In the pre-demographic transition era

Natural selection

Increased the prevalence of predisposition towards child quality

Fostering technological progress

Expediting the demographic transition

Excelarating the transition from stagnation to growth

In the post-demographic transition era:

Predisposition towards child quality declined

Yet the process is irreversible and economic growth is sustained
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