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Abstract

What sparked humanity’s leap from stagnation to prosperity? What lies at the core of inequality
among nations? Unified Growth Theory explores the evolution of societies over the entire course
of human history. It uncovers the universal wheels of change that have governed the journey of
humanity, driven the growth process, and shaped inequality across the globe. The theory sheds
light on two of the most fundamental mysteries surrounding this journey: (i) The Mystery of
Growth—the origins of the dramatic transformation in human prosperity over the past two
centuries, in the wake of millennia of near stagnation; and (ii) The Mystery of Inequality—the
roots of the vast inequality in the wealth of nations. The theory suggests that forces operating in
the distant past are central to the understanding of the uneven development across the globe and

the design of effective policies that could promote economic growth and mitigate inequality.
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1. Introduction

The transition from an epoch of stagnation to an era of sustained economic growth signifies the
onset of one of the most remarkable transformations in human history since the emergence of
Homo sapiens in Africa nearly 300,000 years ago. On the heels of millennia of largely stagnant
living standards across world regions, the past two centuries have marked the onset of a profound
metamorphosis: life expectancy has more than doubled and global per capita income has soared
fourteen-fold (Figure 1). The core impetus of human life -- historically indistinguishable from that
of other species and driven by the pursuit of survival and reproduction -- has radically evolved,

transforming the quality of life across the globe.
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Figure 1. The Mystery of Growth
The dramatic spike in income per capita across world regions over the past two centuries, emerging from thousands

of years of near stagnation.!

1 Extrapolated based on data from Maddison Project Database 2010, 2013, 2018 (Bolt & van Zanden 2014;
Bolt et al. 2018).



Yet, this transformation did not unfold uniformly across the globe. As prosperity skyrocketed in
recent centuries, it occurred earlier in some parts of the world, triggering a second major
transformation unique to the human species—the emergence of immense inequality across
societies. Western European countries and some of their offshoots experienced the remarkable
leap in living conditions in the nineteenth century, while this ascent was delayed in most regions
until the latter half of the twentieth century, leading to a vast inequality across world regions

(Figure 2).

What explains the Mystery of Growth — the extraordinary transformation in living standards over
the last few centuries in the aftermath of the economic ice age that had defined most of human
history since the advent of Homo sapiens? What accounts for the Mystery of Inequality—the
origins of the significant disparity in the wealth of nations and the emergence of pronounced

inequality across regions over the last two centuries?
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Figure 2. The Mystery of Inequality

The divergence in per capita income across world regions in the past two centuries.?

2 Extrapolated based on data form Maddison Project Database 2010, 2013, 2018 (Bolt & van Zanden 2014; Bolt et
al. 2018).



The transformation in societal well-being and the rise of global inequality have been shaped
primarily by the onset and timing of the transition from stagnation to growth across societies,
rather than by differences in their growth trajectories within the modern growth regime. Deep-
rooted factors, operating over the course of human history, influenced the timing of this
transformation and played a pivotal role in the remarkable leap in human prosperity and the

emergence of profound inequality among nations.

2. Unified Growth Theory

2.1. Philosophical Foundations

Traditional growth models have been instrumental in advancing our understanding of the role of
factor accumulation and technological progress in the growth process, highlighting their impact
on convergence in living standards across nations.®> Nevertheless, their exclusive focus on the
modern growth regime inherently limits their ability to address the Mystery of Growth and the
Mpystery of Inequality. In particular, they largely overlook the forces that triggered the transition
from stagnation to sustained economic growth, as well as the pivotal role that demographic
patterns have played over the course of human history—insights essential for the understanding

of the growth process and the origins of inequality among nations.*

In light of mounting evidence about the persistent effects of historical and prehistorical forces on
the development process, the preoccupation of growth theory with societies that are ‘parachuted’
into the modern growth regime has become harder to justify. It has become apparent that as long

as growth theory relies on distinct and disconnected models to characterize the process of

3 The pioneering contributions to this earlier strand of growth theory include Solow (1956); Lucas (1988); Romer
(1990); Grossman and Helpman (1991); Aghion and Howitt (1992). While convergence is a central implication of
many models in this tradition, initial conditions may still play a significant role, particularly in the presence of credit
market imperfections and non-convexities (Galor & Zeira 1993; Galor 1996).

4 Failure to account for demographic forces led to predictions that are inconsistent with key historical phases: (i)
during the Malthusian Epoch, capital accumulation and technological progress was largely offset by population
growth, resulting in negligible effects on the long-term level and growth rate of income per capita, and (ii) the fertility
decline in the course of the demographic transition played a pivotal role in facilitating the transition to modern growth.



development during the epoch of stagnation and the modern growth regime, our understanding of

the contemporary growth process will be incomplete and potentially distorted.

This challenge mirrors the scientific struggle faced by Nicolaus Copernicus, the Renaissance-era
astronomer who revolutionized our understanding of the universe. Copernicus argued that without
a unified theory to account for the operation of the universe, scientific knowledge would be
fragmented and incomplete. “[I]t is as though an artist were to gather the hands, feet, head and
other members for his images from diverse models, each part excellently drawn, but not related to
a single body, and since they in no way match each other, the result would be a monster rather

than a man” (Kuhn 1957, p. 137).

Analogously, in recent decades, physicists have strived to establish a 'theory of everything'—a
framework unifying all physical aspects of the universe by reconciling quantum mechanics with
Einstein's theory of general relativity and encompassing the interactions of gravitational,
electromagnetic, weak nuclear, and strong nuclear forces. This pursuit stems from the conviction
that a comprehensive understanding of the physical aspects of the universe must rest on a single

unified framework capable of concurrently explaining all known physical phenomena.

The development of unified growth theory was driven by a similar conviction that the
understanding of the main engines of economic development would remain incomplete and fragile
unless growth theory encompassed the primary driving forces throughout the entire process of
development. The theory emerged from the realization that fragmented economic growth
models—those treating the modern era of economic growth and the epoch of stagnation as distinct,
separate phenomena rather than interconnected parts of a unified whole--were inherently limited
in their ability to explain the overarching historical forces that have shaped the contemporary

growth process and the vast global disparities in societal well-being.

Unified Growth Theory (Galor 2005, 2010, 2011, 2022) has addressed these formidable
challenges, providing a unified analytical framework that encompasses the evolution of societies
over the entire span of human existence, linking the historical engines of growth with

contemporary prosperity and inequality. The theory uncovers the universal ‘wheels of change’



that have governed the journey of humanity across all regions of the planet. It identifies and traces
the forces that constrained the human species to an epoch of subsistence-oriented existence, while
ultimately triggering the onset of the momentous transition from an epoch of stagnation to an era

of sustained growth and the resulting divergence in the wealth of nations.

Leveraging this novel comprehensive framework, the theory captures the endogenous progression
of technology, the size and the composition of the human population, and income per capita over
the entire course of history. It integrates the key characteristics of the development process into a
single analytical framework, encompassing: (i) the epoch of stagnation that defined most of human
history; (ii) the escape from this trap, marked by spikes in income per capita and population
growth; (iii) the emergence of human capital formation as a pivotal engine of economic growth;
(iv) the catalysts for the onset of the dramatic fertility decline in the course of the demographic
transition; (v) the shift to the contemporary era of sustained economic growth; and (vi) the
divergence in prosperity across countries in recent centuries.’ The theory reveals the principal
economic forces that have driven the remarkable transition from stagnation to growth, highlighting
their importance for the understanding of the contemporary growth processes of both developed
and less developed societies. Furthermore, it sheds light on the role of historical and prehistorical
factors in shaping the divergence of income per capita across world regions over the past two

centuries.

The unique power of Unified Growth Theory lies in its ability to distill the complex and often
chaotic currents of history, uncovering the fundamental forces that have universally governed the
journey of humanity across every region of the world. Human history is rich with countless
fascinating details: mighty civilizations that rose and fell, charismatic emperors who led armies to

sweeping conquests and defeats, artists who created captivating cultural treasures, and

3 In light of its philosophical foundations, the term Unified Growth Theory, introduced by Galor (2005), refers to
growth models that integrate the entire growth process into a unified framework, capturing: (i) the endogenous
evolution of technology, population, and income per capita throughout human history; (ii) the era of Malthusian
stagnation; (iii) the endogenous transition out of the Malthusian trap; (iv) the onset of the demographic transition; and
(v) the emergence of sustained economic growth. Some models capture segments of the broader process (e.g.,
Fernandez-Villaverde 2001; Hazan & Berdugo 2002; Doepke 2004; Cervellati & Sunde 2005; Voigtlinder & Voth
2006; Boucekkine et al. 2007; de la Croix & Licandro 2013; and Dalgaard & Strulik 2015), while others rely on
exogenously specified demographic trends and technological trajectories (Hansen & Prescott 2002; Parente & Prescott
2005) or external shocks (Lagerlof 2003).



philosophers and scientists who advanced our understanding of the universe. It is easy to become
adrift in this ocean of details, pounded by the waves and unaware of the mighty currents

underneath.

Instead, Unified Growth Theory explores the underlying forces that have shaped the journey of
humanity. It reveals how these forces operated persistently during the prolonged economic ice age,
gradually building momentum while exerting limited impact on income per capita. However, as
technological advancements surpassed a critical threshold during the Industrial Revolution,
rudimentary education became essential for navigating the rapidly changing landscape. Fueled by
expanding parental resources, population growth surged. Over time,as parental
investment progressively shifted toward human capital formation, technological progress began to
outpace population growth, generating rising rates of both income per capita and population
growth. Ultimately, rising demand for human capital led to a sharp decline in fertility
rates, liberating the growth process from the counterbalancing effects of population expansion, and

paving the way for enduring prosperity.

This is not the first attempt to describe the core thrust of human history. Great thinkers such as
Plato, Hegel, and Marx argued that history unfolds according to inescapable universal laws, often
disregarding the role of societies in shaping their own destinies (Popper 1945). In contrast, Unified
Growth Theory neither posits an inexorable march of humanity toward utopia or dystopia, nor
seeks to derive moral insights about the desirability of the direction of this journey and its
consequences. Instead, it is designed to provide a faithful, scientifically grounded, and
interdisciplinary theoretical framework for the understanding of the evolution of societies since

the emergence of Homo sapiens.

2.2. Phases of Development

Throughout most of human history, the development process was dominated by Malthusian
dynamics. Technological progress and land expansion fueled rising birth rates and declining
mortality rates, ultimately leading to proportional increases in both population and resources.

Variations in technological progress and land productivity across societies contributed to



differences in population densities but had only short-term effects on living standards.® Yet, larger
populations were more likely to give rise to ingenious individuals capable of developing new tools,
goods, and practices (Simon 1977; Kremer,1993; Galor 2022), while also generating a greater
demand for these innovations (Boserup 1965). Moreover, sizable societies benefited from
increased specialization and cross-fertilization, facilitating the rapid dissemination of new

technologies.

This self-reinforcing feedback loop between population and technology emerged at the dawn of
humanity and persisted over most of human history. Technological advances enabled larger
populations to be sustained, while increasing population size spurred faster innovations.
Nevertheless, during the Malthusian epoch, technological progress was ultimately
counterbalanced by population growth, leaving income per capita hovering near the subsistence

level in the long run.

Just a few centuries ago, human life was often "nasty, brutish, and short" (Hobbes 1651). One in
four newborns succumbed to cold, hunger, or illness before reaching their first birthday. Women
frequently died during childbirth, and life expectancy rarely surpassed forty years. Most people
subsisted on meager, monotonous diets and lived in a state of widespread illiteracy. Amid these
grim realities, perhaps even more startlingly, economic crises did not merely demand austerity—

they often triggered widespread starvation and societal collapse.

Remarkably, most people endured conditions more akin to those of their distant ancestors
millennia earlier than to those of their modern descendants. The living conditions of a fifteenth-

century English farmer were strikingly similar to those of a medieval Chinese serf or a Mayan

6Empirical investigations rooted in the framework of Unified Growth Theory lend credence to the validity of
Malthusian dynamics and the phenomenon of Malthusian stagnation. These findings are based on (a) cross-country
evidence from 1-1500 CE (Ashraf & Galor 2011), (b) time-series data for 17 countries spanning 900-1870 CE
(Madsen et al. 2019), (c) quantitative analysis of pre-industrial European societies from 1300-1800 CE (Lagerlof
2019), and (d) within-country studies of pre-industrial societies, including (i) China (Chen & Kung 2016), (ii) England
(Klemp 2012; Moller & Sharp 2014; Attar, 2023), (iii) Germany (Pfister & Fertig 2020), (iv) Italy (Fernihough 2013),
(v) Spain (Chaney & Hornbeck 2016), (vi) Sweden (Lagerlof 2015), and (vii) Denmark, Sweden, and Norway (Klemp
& Moller 2016).



peasant. Similarly, they closely resembled those of an ancient Greek herder, an Egyptian farmer,

or even a shepherd in Jericho at the dawn of the Neolithic Revolution.

Ironically, just as Malthus (1798) declared this “poverty trap” to be an inescapable, perpetual
human condition, the underlying dynamics he identified began to shift, triggering a profound
transition from stagnation to growth. In recent centuries, many regions across the globe have
escaped the Malthusian trap, experiencing substantial improvements in living standards. The sharp
decline in population growth during the demographic transition disrupted the Malthusian
dynamics, liberating the growth process from the counterbalancing effects of a rising population.
Technological progress and human capital formation, at last, paved the way for an era of sustained
economic growth. However, this remarkable progress was uneven, and as prosperity soared in
recent centuries, it emerged earlier in some regions than others, fueling significant inequality

across societies.

In the wake of these profound transformations, fundamental conundrums arise: What were the
underlying causes of this prolonged epoch of stagnation? How did humanity manage to escape
this poverty trap? Could the forces that governed the enduring economic ice age, and the eventual
escape from it, have brought it to an end and lie at the root of the vast inequalities in living

conditions across the globe today?

Unified Growth Theory uncovers the central forces that gave rise to the Malthusian trap,
unraveling the mechanisms that ultimately enabled humanity to escape its gravitational pull. What
are the underlying causes of this prolonged epoch of stagnation that defined most of human
history? Why did episodes of technological progress in the pre-industrial era fail to spark sustained
economic growth? Why did population growth consistently counterbalance the potential per capita
gains from technological advances? And were changes in the size and the composition of the
human population during the Malthusian epoch pivotal in enabling the eventual escape from this

trap?

The theory uncovers the forces that sparked the transition from stagnation to growth, deciphering

the mechanisms behind this profound transformation. What caused the sudden surge in income



per capita over the past few centuries? What explains the marked reversal of the long-standing
positive relationship between income per capita and population growth, which persisted
throughout most of human history? Could the transition to sustained economic growth have
occurred without the significant decline in fertility during the demographic transition? And what

barriers do less-developed economies face in their pursuit of a sustained growth regime?

Moreover, Unified Growth Theory offers new insights into the origins of the stark widening
disparity between developed and developing regions over the past two centuries. Are human
societies inherently constrained by the history and geography of the regions in which they
emerged? What sparked the rapid shift from stagnation to growth in some countries, while others
remain mired in persistent stagnation? Why has the demographic transition taken place more than
a century earlier in some economies compared to others? Has the transition to sustained economic
growth in advanced economies adversely impacted the development process in poorer regions?
What role do deeply rooted institutional, cultural, and societal factors play in driving the
divergence in the wealth among nations? And have historical and prehistorical conditions left a

lasting imprint on global economic development?

2.3 Challenges and their Resolution

Developing a unified analytical framework that captures the distinct phases of development while
facilitating a seamless, endogenous transition between the various regimes required significant
methodological and conceptual innovations. These advancements were crucial for designing a
dynamical system that enables: (i) a spontaneous escape from the globally stable Malthusian
equilibrium, which had dominated much of human history, and (ii) a reversal of the positive link
between parental resources and reproductive success, leading to a marked fertility decline that

liberated the growth process from the counterbalancing effects of population growth.

2.3.1 Orchestrating an Escape from the Malthusian Trap

During the Malthusian epoch, deviations from the long-run level of income per capita—driven by

innovations, territorial expansion, and institutional or epidemiological changes—triggered a
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powerful population response that drove per capita income back to its historical norm. What
forces, then, propelled humanity beyond the bounds of the Malthusian equilibrium? How did the

world manage to escape the grasp of the Malthusian octopus and the economic black hole?

In the quest to identify the catalyst behind the transition from stagnation to growth, one might be
tempted to view the Industrial Revolution as an external shock that abruptly propelled the world
out of the gravitational pull of the Malthusian equilibrium and into the modern era of economic
growth. However, evidence from the eighteenth and nineteenth centuries reveals that productivity
gains during this period unfolded gradually, not as a sudden, transformative leap (Crafts & Harley
1992). On the eve and in the early phases of the Industrial Revolution, technological advancements
were incremental, sparking population surges and modest increases in income per capita. Yet,
nearly a century later, Malthusian forces had dissipated, and population growth had slowed, paving

the way for an unprecedented economic expansion.

This gradual yet significant transition presents a major theoretical challenge. The simplest method
for generating such a phase transition—a major shock within a dynamical system characterized
by multiple locally stable equilibria—fails to adequately account for the observed take-off from
stagnation to growth. A unified theory of economic growth, therefore, necessitates the creation of
a dynamical system that enables economies to transition gradually yet swiftly from a stable
(absorbing) Malthusian equilibrium. Paradoxically, however, this appears to contradict the essence

of a stable equilibrium, where dominant attractive forces should preclude a gradual escape.

Unified Growth Theory provides a conceptual framework that addresses this conundrum,
facilitating an escape from a stable Malthusian equilibrium. It builds on the understanding that in
multi-dimensional nonlinear dynamical systems, when a single variable crosses a critical
threshold, it can trigger a sudden and profound transformation in the system’s qualitative structure,
potentially causing a stable equilibrium to vanish and a new one to emerge.” Unified Growth

Theory identifies the underlying forces that gained momentum throughout the Malthusian epoch

7 Bifurcation Theory demonstrates that as a single parameter crosses a critical threshold, it can trigger a qualitative
transformation in a nonlinear dynamical system, leading to the disappearance of existing stable equilibria and the
emergence of new ones (Galor 1996, 2007).
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and eventually reached a critical threshold, beyond which the gravitational forces of the
Malthusian equilibrium dissipated. These forces enabled an escape from what had been a

perpetually stable equilibrium.

The reinforcing interaction between technological progress and the size and composition of the
population operated persistently throughout history, gradually gaining momentum. Nevertheless,
for most of human history, this interaction had a largely negligible long-term impact on income
per capita. Eventually, however, as the pace of technological advancement accelerated beyond a
critical threshold, education became essential for navigating the rapidly evolving technological
landscape, prompting parents to allocate some of their limited resources to their children's
education. Although technological progress increased parental income, enabling a surge in fertility
and population growth,® the allocation of resources toward children's human capital caused

population growth to lag behind technological progress, fueling the onset of economic growth.

Yet, the growth in income per capita remained largely constrained by population expansion. It was
the dramatic decline in fertility rates that liberated the economy from the counterbalancing effects
of population growth, paving the way for an era of sustained economic development. What, then,
enabled the puzzling reversal of the positive link between parental resources and reproductive

success—a relationship evident in other species?

2.3.2 Triggering a Fertility Decline Despite the Rise in Income

During the Post-Malthusian Regime, technological progress produced conflicting effects on
fertility rates. The rise in income alleviated subsistence consumption constraints, allowing
households to allocate additional resources toward raising children—an income effect. Meanwhile,
the modest demand for human capital prompted a reallocation of resources toward child quality—
a substitution effect. Given the moderate strength of the substitution effect, the income effect

dominated, enabling households to increase both the number and the quality of their children.

8 Technically, individuals face a subsistence consumption constraint below which survival is not feasible. Rising
wages allow parents to spend less time meeting this constraint, enabling the allocation of more time to child-rearing,
thus increasing the number of children.
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The empirically grounded theoretical feature that ultimately facilitates the reversal of the positive
link between parental resources and reproductive success is the pivotal role assigned by Unified
Growth Theory to human capital in navigating a rapidly changing technological environment. As
technological acceleration persisted during industrialization, the return on investment in human
capital surged, resulting in the dominance of the substitution effect, despite the rise in income.
Households inevitably shifted their resources toward child quality, triggering a decline in fertility
rates, and reversing the long-standing positive association between income and reproductive

success.’

3. The Wheels of Change

What are those forces—the wheels of change—that operated relentlessly during the Malthusian
epoch and ultimately triggered: the escape from the Malthusian trap; the emergence of human
capital as a major engine of growth; the reversal of the positive association between income and
reproductive success; and the dramatic transformation in living standards over the past two

centuries?

These forces, subtle and unassuming at first, gathered strength over time, much like the gradual
intensification of heat in a kettle of water placed over a steady flame. Initially, the surface of the
water reveals no visible signs of change—it remains calm, as though the gradual rise in temperature

has no discernible effect. Yet this tranquility is deceptive. As the water's molecules absorb heat

® The model assumes that individuals derive utility from consumption, the number of children, and their quality, all
of which are normal goods. Higher child quality increases the likelihood of children reaching reproductive age.
Individuals face a subsistence consumption constraint, below which survival is impossible, and child-rearing requires
parental time. In the Malthusian epoch, rising income reduced the time needed to meet subsistence requirements,
allowing parents to raise more children. As societies escape the Malthusian trap, rising earned income—driven by
technological progress—introduces conflicting income and substitution effects: higher income encourages fertility,
but it also raises the opportunity cost of child-rearing, which discourages fertility. If preferences are homothetic, these
effects offset each other, keeping total investment in child quantity and quality unchanged. However, as technological
progress accelerates, parental time becomes more effective in fostering quality children, leading to increased
investment in quality and a decline in fertility. For a more detailed technical discussion, the reader is referred to
Chapter 5 of Galor (2011).
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and their bonds weaken, their movement accelerates. Eventually, upon reaching a critical

temperature, the water undergoes a sudden phase transition from liquid to gas.

Over the past two centuries, humankind has experienced a comparable phase transition. Much like
the transformation of water in a kettle from liquid to gas, this shift marked the culmination of a
process that had been steadily intensifying beneath the surface over hundreds of thousands of years
of economic stagnation (Figure 3). While the transition from stagnation to growth may appear
dramatic and sudden—and indeed it was—the underlying forces driving this change were set in
motion at the dawn of humanity, gradually gathering momentum over the course of history. What,

then, sparked this remarkable phase transition?

Figure 3: Phase Transition

[lustrator: Ally Zhu
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3.1. Reinforcing Interaction between Population Size and Technological Progress

The interplay between population growth and technological progress formed a self-reinforcing
cycle in the course of human history. Over the 12,000 years from the Neolithic Revolution to the
onset of the industrial era, technological advances drove a 400-fold expansion in population. This
growing population, in turn, accelerated innovation, propelling the leap of humanity from stone
tools in the early stages of development to the steam engine technology that defined the initial

phases of the Industrial Revolution.

In the pre-industrial era, advancements in farming techniques and cultivation methods improved
diets and living conditions, spurring population growth, driven by higher birth rates and lower
mortality. However, as arable land grew scarcer, the expanding population diminished the per
capita share of crops, causing living standards to decline and ultimately stabilize only once the
amount of crops per person returned to its initial level. Thus, while technological progress enabled

population growth, it failed to produce a lasting impact on human prosperity.

The remarkable growth of the human population has shaped societies and civilizations. At the
dawn of the Neolithic Revolution around 10,000 BCE, approximately 2.4 million people inhabited
the Earth. When the Roman Empire and the Mayan Civilization reached their zenith around 1 CE,
the global population had surged 78-fold, reaching 188 million. A thousand years later, amidst
Viking raids in Northern Europe and the first recorded use of gunpowder in China, the population
had grown to 295 million. In 1500, during the height of Columbus’s expeditions to the Americas,
the world’s population had nearly reached half a billion, and as the 19th century began and

industrialization took hold, humanity was on the verge of surpassing the one-billion mark.

This impact of population size on technological advancement is evident across cultures and
regions throughout the historical record. Regions that experienced an earlier onset of the Neolithic
Revolution, such as the Fertile Crescent, saw the emergence of the largest prehistoric
settlements and maintained a persistent technological head start. Similarly, areas with land more
suitable for agriculture—and consequently higher population densities—were more likely to

develop advanced technologies (Diamond 1997)."
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The mutually reinforcing relationship between technological progress and population size over the
course of human history accelerated the pace of innovation until it eventually reached a critical
threshold, culminating in a phase transition.!® As technology advanced at an unprecedented pace,
human capital became vital for navigating the rapidly evolving economic landscape. The growing
demand for human capital encouraged parents to allocate their limited resources to educating fewer
children. This fertility decline alleviated the counterbalancing effects of population growth, paving

the way for the emergence of sustained economic growth.

This interaction between two of the wheels of change—technological progress and the size of the
population—was one of the sparks that ignited the monumental phase transition experienced by

humanity, lifting humankind out of an epoch of stagnation (Galor & Weil 2000).!!

3.2. Reinforcing Interaction between Adaptation and Technological Progress

The interplay between the composition of the population and technological progress established an
additional self-reinforcing cycle over the course of human history. As technological
advances periodically alleviated Malthusian pressures, they not only expanded the population but
also reshaped its composition. Individuals whose intergenerationally transmitted traits
complemented the evolving technological landscape achieved higher incomes and, during the
Malthusian epoch, experienced greater reproductive success, leading to the increased prevalence
of their traits in the population. The gradual increase in the dominance of these complementary
traits further spurred technological innovation and drove additional changes in the composition of

the population, ultimately facilitating the transition from stagnation to sustained growth.!?

10 The reinforcing interaction between population and technology during the Malthusian and the post-Malthusian era
is supported by a large range of anecdotal evidence (Boserup 1965; Simon 1977; Kremer 1993; Galor 2022), as well
as time series analysis (Madsen et al. 2010).

! For a quantitative analysis of this model, refer to (Lagerl6f 2006).

12 One might question whether significant evolutionary changes could occur rapidly enough to be relevant to our
understanding of the process of economic development. While certain evolutionary developments, such as the
emergence of complex organs, unfolded over millions of years, the composition of traits within a population can shift
rather rapidly. Notably, natural immunity to local diseases emerged after the Neolithic Revolution, enhancing
resistance to infections; the ability to metabolize regional food sources, such as lactose, evolved in populations where
cows, goats, and sheep were domesticated; and adaptation to long-term high-altitude living arose in certain populations
Moreover, cultural evolution may occur at a much faster pace (Galor 2022).
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The Malthusian environment catalyzed the evolution of growth-enhancing traits and cultural
norms—including a predisposition toward investment in human capital, a future-oriented mindset,
and an entrepreneurial spirit (Galor & Moav, 2002; Galor & Michalopoulos, 2012; Galor & Ozak,
2016).!3 The gradual proliferation of these traits accelerated technological progress, creating a

reinforcing cycle that laid the foundation for a transformative rise in human prosperity.

This process is epitomized by the evolution of parental predisposition toward child quality. The
Neolithic Revolution facilitated the division of labor and fostered trade relationships among
individuals and communities, enhancing the complexity of human interaction and raising the
return to human capital. Individuals born to parents with moderately greater predisposition toward
offspring quality generated higher income and, during the Malthusian epoch—when reproductive
success was positively affected by aggregate resources—a larger number of offspring.
Consequently, a moderately greater predisposition toward child quality gained an evolutionary
advantage, increasing its prevalence within the population over time. As this trait gradually spread,
it further accelerated the pace of technological advancement, ultimately facilitating the transition

from stagnation to growth (Galor & Moav 2002).!4

The extensive genealogical records of nearly half a million descendants of European settlers in
Quebec from 1608 to 1800 provide a unique demographic laboratory for the examination of this
theory. Tracking the offspring of the founding populations over four generations reveals an
intriguing pattern: the largest dynasties originated from moderately fertile settlers, who had a
modest number of children while investing proportionally more in their children’s human capital.
In contrast, highly fertile founders, who had larger families, invested less in each child, and had
fewer descendants after several generations. The evidence suggests that a moderate number of

children per family resulted in a greater number of descendants after several generations, due to

13 The economic incentives that emerged during the Industrial Revolution further fostered the prevalence of an
entrepreneurial spirit (Doepke & Zilibotti 2008).

14 Indeed, recent analysis of ancient DNA suggests that the predisposition toward education has gradually increased
in the past 9,000 years, since the Neolithic Revolution, among Western Asian and European populations (Akbari et
al. 2024).
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the impact of smaller family sizes on each child's likelihood of survival, marriage, literacy

acquisition, and reproduction (Galor & Klemp 2019).1°

The conditions faced by the founding population of Quebec during this period of high fertility
mirror those encountered by humans during their dispersal across the planet in at least one
fundamental aspect: settling in environments with a carrying capacity far exceeding the size of the
founding population. Extrapolating from this evidence, one can plausibly infer that during periods
of high fertility in the Malthusian epoch changes in the composition of the population occurred
more rapidly, and the prevalence of individuals inclined to invest more in human capital

progressively intensified.

Thus, the reciprocally reinforcing relationship between technological progress and human
adaptation throughout history reshaped the composition of the human population, increasing the
prevalence of growth-enhancing traits. This transformation accelerated the pace of innovation until
it reached a critical threshold, triggering a phase transition. As technology advanced at an
unprecedented rate, human capital became essential for navigating the rapidly evolving economic
landscape. The rising demand for human capital prompted parents, regardless of their
predisposition toward education, to raise fewer children and to invest more of their limited
resources in their human capital. This fertility decline mitigated the counterbalancing effects of

population growth, paving the way for the sudden emergence of sustained economic growth.
The interaction between these two wheels of change—technological progress and human
adaptation—was an additional spark that ignited the transformative phase transition, propelling

humankind out of an epoch of stagnation, irrespective of population size (Galor & Moav 2002).16

3.3. Regional Variations in the Rotation of the Wheels of Change

15 This evidence from England between 1541 and 1851 reveals a comparable pattern: families that allocated greater
resources toward their children’s human capital saw a higher number of their offspring survive into adulthood (de la
Croix et al., 2019).

16 For a quantitative analysis of this model, refer to Collins et al. (2014).
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The wheels of change have governed the development process throughout human history across
all world regions. Technological innovations enabled population growth and spurred adaptation
to an evolving technological landscape. In turn, larger and more adapted human populations
enhanced human capacity to develop new technologies and exert greater control over their
surroundings. Collectively, these forces catalyzed a phase transition that liberated humanity from
the enduring grip of the Malthusian trap. This transformation unleashed an unparalleled wave of
innovation, fostering human capital formation, a reduction in fertility rates, and a dramatic rise in

living standards.

Yet, the pace of interaction between technological progress and the size and the composition of
the population has varied significantly across societies. Various historical factors—including
institutional, cultural, geographical, and societal characteristics, as well as the legacy of
colonialism—have influenced the speed of these self-reinforcing processes and generated distinct
timelines for the emergence of the modern growth regime. Notably, societies that safeguarded
property rights, embraced forward-looking mindsets, fostered knowledge diffusion, and exhibited
a greater propensity for trade, experienced a more rapid transition from stagnation to growth (Galor

2010, 2011, 2022).

Uneven development has been intensified in an increasingly interdependent world. Notably, trade
during the colonial era played a pivotal role in the differential timing of demographic transitions
across nations, influencing global population distribution and widening the gap in income per
capita between countries (Galor & Mountford 2006, 2008). The expansion of international trade
prompted industrial economies to specialize in the production of skill-intensive goods. The
resulting demand for skilled labor led to increased investment in human capital, hastening the
onset of their demographic transitions and expediting their shift to the modern growth regime. In
contrast, international trade incentivized nonindustrial economies to focus on the production of
unskilled labor-intensive goods. The limited demand for human capital in these regions diminished
investment in education and skills, delaying their demographic transitions and prolonging their

periods of economic stagnation.!’

17 Using a panel of 223 countries spanning the period 1962-2019, Ekanayake et al. (2023) presents evidence
supporting this differential effect of trade on fertility and education. Technological diffusion is an additional critical
factor in the determination of comparative development in an interdependent world (Cervellati et al. 2023).
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4. Reconstructing Human History Through the Lens of Unified Growth Theory

The journey of humanity has been extraordinary—remarkable in its trajectory and profoundly
distinct from the evolution of other species on planet Earth. The pivotal factor that set humanity
on its unique course was the human brain, whose growing capabilities arose from evolutionary
pressures specific to our species. Armed with powerful cognitive abilities and the capacity for
social cooperation and communication, humans gradually developed more advanced technologies,
enhancing their efficiency in hunting and gathering, exploiting diverse habitats and broadening
their material base. This resource expansion spurred population growth, conferring a survival
advantage to individuals whose traits enhanced their ability to advance and harness these novel
technologies. Thus emerged Homo technologicus: humans with hands adapted to craft tools for
hunting and cooking, arms evolved to throw spears, and brains advanced to innovate, strategize,

and facilitate cooperation and complex trade relations.

Over hundreds of thousands of years, the mutually reinforcing interaction between technological
advancements and human adaptation progressively enhanced humanity's ability to thrive in an
ever-changing environment. As humans flourished and expanded, they eventually ventured out of
Africa, spreading across the globe and occupying new ecological niches. They learned to protect
themselves from harsh climatic conditions, refined their hunting and gathering techniques across

diverse habitats, and thereby experienced further population growth.

Nearly 12,000 years ago, humanity underwent its first major transformation—the Neolithic
Revolution—markedly altering the course of human history. In just a few thousand years, much
of the human population abandoned their nomadic lifestyle and embraced sedentary agriculture:
cultivating land, raising livestock such as cattle, sheep, and goats, and adapting to new stationary
environments. Technological innovations such as irrigation and improved farming techniques

boosted agricultural yields and supported growing population densities. The expanding population
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fostered specialization and triggered the emergence of a non-food-producing class dedicated to the
advancement of writing, art, and scientific exploration, fueling further technological progress and

establishing an enduring technological head start.

The human landscape gradually transformed: farms evolved into villages, and villages expanded
into towns and walled cities. These cities gave rise to magnificent palaces, temples, and
fortresses—strongholds of elites who built formidable armies and waged bloody battles for land,

prestige, and power.

For most of human history, the interplay between technological progress, population growth, and
human adaptation formed a self-reinforcing cycle. Technological advancements fueled population
expansion and intensified the adaptation of societal traits to these innovations. In turn, population
growth and societal adaptation broadened the pool of inventors and expanded the demand for new
technologies, further driving their creation and adoption. For millennia, these underlying forces
propelled humanity forward: technologies advanced, populations grew, and societies adapted—

triggering continuous progress across civilizations.

Nevertheless, one fundamental aspect of the human condition remained largely unchanged: the
quality of life. For much of human history, technological progress failed to produce significant
long-term improvements in living standards. Instead, technological advancements and resource
expansion primarily fueled population growth, diluting the benefits of progress as they were
divided among an ever-increasing population. Although innovations occasionally brought short-
term gains in economic prosperity, these were ultimately offset by population growth, causing
living conditions to revert toward subsistence levels. Fertile land and political stability—such as
in ancient China, Egypt, Greece, Persia, and Rome—often facilitated substantial technological
advancements, temporarily raising living standards as new tools and production methods spread.

Yet, such improvements were invariably short-lived.
Eventually, however, the accelerating interaction of the wheels of change propelled the pace of

technological advancement beyond a tipping point. The rapid innovations of the Industrial

Revolution, which emerged in regions of northern Europe during the eighteenth and nineteenth
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centuries, created demand for a novel resource: the skills and knowledge necessary for workers to

navigate an ever-evolving technological landscape.'®

The increasing demand for educated workers capable of navigating the rapidly evolving
technological landscape contributed significantly to the formation of human capital. As a growing
number of occupations in manufacturing, trade, and services required literacy, numeracy,
arithmetic, and a range of mechanical abilities, parents were incentivized to invest in their
children's education. With parental resources gradually channeled toward human capital
formation, the rate of population growth began to lag behind technological progress, contributing
to rising income per capita and population growth rates. Ultimately, however, the intensification
of the demand for human capital forced parents to dramatically reduce their fertility rates so as to
permit further investment in the education of children, leading to the dramatic decline in fertility
that characterized the demographic transition (Galor & Weil 2000; Galor & Moav 2002; Galor &
Mountford 2008).!” The surge in life expectancy and reduction in child mortality extended the
period over which returns to education could be realized, further enhancing the incentive to invest
in human capital and reduce fertility rates (Galor & Weil 1999; Cervellati & Sunde 2005). The
impact of technology-skill complementarity on narrowing the gender wage gap increased the
opportunity cost of child-rearing, further promoting smaller family sizes (Galor & Weil 1996).
These combined forces ignited the demographic transition, breaking the longstanding positive

relationship between economic growth and birth rates.?

18 The impact of a rapidly evolving technological landscape on the returns to human capital is a central conceptual
paradigm underlying this mechanism, as well as those explored in Galor & Tsiddon (1997); Galor & Moav (2000);
Hassler & Rodriguez-Mora (2000). Evidence suggests that during the early stages of industrialization,
the complementarity between technology and skill is evident in England (De Pleijt et al. 2020), France (Squicciarini
& Voigtlander 2015; Franck and Galor 2021, 2022), and Germany (Becker et al. 2011), prompting significant
education reforms (Galor & Moav 2004, 2006; Galor et al. 2009). More broadly, studies indicate that educated
individuals possess a comparative advantage in coping with rapidly changing technological environments (e.g.,
Schultz 1975; Foster & Rosenzweig 1996). Moreover, evidence suggests that education was a dominant driver of the
British economy's growth from 1270 to 2010 (Madsen & Murtin 2017).

19 Cultural factors have played a pivotal role in shaping the onset of declining fertility rates (Spolaore & Wacziarg
2016). The early decline in fertility in mid-18th century France—nearly a century ahead of other Western European
countries—is widely attributed to cultural influences (Blanc 2024). However, the pronounced decline observed in
France after 1870 is largely attributed to economic forces driven by technological acceleration.

20 The impact of rising returns to human capital on fertility decline during the demographic transition is a foundational
element of Unified Growth Theory. Evidence from a diverse range of countries supports the existence of the quantity-
quality trade-off mechanism during these historical periods. Studies from the United States (Bleakly & Lange 2009;
Ager & Cinnirella 2020), Germany (Becker et al. 2010), France (Murphy 2015; Bignon & Garcia-Pefalosa 2021),
Ireland (Fernihough 2017), China (Shiue 2017), England (Klemp & Weisdorf 2019), and Nigeria (Okoye & Pongou
2024) provide corroborative evidence. Additionally, cross-country analyses further substantiate the impact of
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This significant decline in fertility freed the development process from the counterbalancing
pressures of population growth, allowing technological advancements to generate enduring
prosperity rather than temporary gains.?! With an increasingly skilled workforce and greater
investment in human capital, technological progress further accelerated, enhancing human

prosperity and delivering sustained growth in per capita income.

The past two centuries have been revolutionary, with human prosperity advancing at an
unprecedented rate by nearly every conceivable measure. Global average per capita income has
increased fourteen-fold and life expectancy has more than doubled. The harsh world, once plagued
by high child mortality, has given way to a prosperous era in which the loss of a child is a profound
tragedy. Much like the spread of the Neolithic Revolution millennia earlier, which radiated from
initial centers such as the Fertile Crescent and the Yangtze River, the Industrial Revolution and
the demographic transition began in Western Europe and gradually spread across much of the

globe over the course of the twentieth century, enhancing prosperity wherever they took hold.

However, just as some water molecules in a kettle transition to a gaseous state before others,
humanity's phase transition unfolded at different times across the globe, creating previously
unimaginable levels of inequality between the countries that underwent this transformation early

and those that remained trapped in stagnation for longer.

The advancement of the quality of life has neither been universal nor inevitable. Long-standing
institutional, cultural, geographical, and societal characteristics, along with the impact of
colonialism, have contributed to the varying pace of the transition from stagnation to growth,
leading to significant disparities in living standards. Institutional reforms, occurring at critical
junctures, have occasionally steered countries onto divergent paths, deepening these inequalities

over time (North 1990; Acemoglu & Robinson 2012). In a similar vein, the uneven spread of

technological acceleration in the quantity-quality trade-off (Galor & Mountford 2008; Vogl 2016; Madsen & Strulik
2023).

2! The pivotal role of the fertility decline in shaping subsequent growth processes and comparative development is
underscored by quantitative analysis (Cervellati & Sunde 2015) and supported by a time-series study of 21 developed
economies spanning 1820-2015 (Madsen et al. 2020).
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growth-enhancing cultural norms has contributed to the varied trajectory of human progress
(Guiso et al. 2006; Tabellin 2010; Spolaore & Wacziarg 2013). Yet deeper factors, rooted in the
distant past, often underpinned the emergence of cultural norms, political institutions and

technological shifts, shaping the ability of societies to flourish and prosper.

Geographical factors, such as fertile soil and favorable climatic conditions, promoted the
emergence of growth-enhancing institutional cultural and linguistic traits, including a future-
oriented mindset, gender equality, social cooperation, and their associated linguistic traits, as well
as effective state capacity.?? In contrast, regions suited for large-scale plantations often gave rise
to extractive, growth-retarding political and educational institutions (Engerman & Sokoloff 1997;
Galor et al. 2009). Biodiversity, which promoted the transition to sedentary agricultural
communities, influenced the timing of the onset of the Neolithic Revolution and contributed to
development during the pre-industrial era (Diamond 1997). Nevertheless, these beneficial effects
dissipated as societies shifted to the modern globalized era in which comparative advantage in
agriculture resulted in limited technological spillover (Galor 2022). Lastly, population diversity
within societies has had a lasting impact on economic prosperity and the degree of inequality
within and across societies. Moderate diversity has been conducive for prosperity, balancing the
benefits of diversity for cross-fertilization and innovation with its challenges to social cohesion

(Ashraf & Galor 2013).%*

Yet, history is not destiny. While the lottery of nature, rooted in geographical and environmental
conditions, has inescapably shaped comparative development across the globe, it need not
constrain the pathways to progress. Deciphering the influence of deep-rooted factors in the process
of development would empower the creation of effective growth enhancing strategies that would
mitigate the legacy of the past. However, tailoring these initiatives to the unique historical and
geographical contexts of each nation, along with its institutional and cultural legacies, would be

vital, as one policy would not fit all nations. Successful approaches would have to confront the

22 See respectively (Galor & Ozak 2016; Boserup 1970; Alesina et al. 2013; Talhelm et al. 2014; Galor et al. 2025;
Mayshar et al. 2022).
23 See also: Arbatl et al. (2020); Ashraf et al. (2021); and Galor et al. (2023, 2024).
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contemporary challenges shaped by history—inequality, social exclusion, corruption, and short-

termism—while dismantling the barriers that have created and perpetuated them.

5. From Population Explosion to Population Collapse

The surge in income per capita over the past two centuries ignited an unprecedented rise in world
population, sparking fears in the early twentieth century of an impending catastrophe, as food
supplies seemed inadequate to sustain the rapidly growing population (Ehrlich 1968). Yet,
a marked transformation in demographic trends has shifted humanity’s concerns. As fertility rates
in more than half of the world’s nations have fallen beneath the replacement level, fears have

ironically pivoted toward concerns over population collapse and societal breakdown.

Unified Growth Theory suggests that the pattern of rising fertility rates in the initial growth phase,
followed by a sharp decline during the demographic transition, is an inherent characteristic of the
growth process. Furthermore, the theory posits that fertility rates could fall to levels permanently

below replacement, paving the way for a long-term trajectory of population decline.

Yet, this trend of a shrinking workforce and an increasing old-age dependency ratio does not
necessarily signal societal collapse. As Unified Growth Theory highlights, a decline in fertility
could significantly boost productivity through: (i) reduced dilution of resources and infrastructure
across a growing population; (ii) increased parental investment in children’s education; (iii) higher
female labor force participation; and (iv) higher incentives for the adoption of productivity-
enhancing Al technologies. Although the old-age dependency ratio is expected to rise due to
declining fertility and rising life expectancy, the productivity-adjusted dependency ratio could
plausibly decline, as the working-age population becomes better educated, possesses greater
resources, and benefits from Al technologies. Moreover, as Al-driven health advancements enable
older individuals to remain productive beyond traditional retirement ages, the pressure on the

shrinking workforce may be further alleviated.

Most significantly, just as fears of societal collapse may be overdrawn, so too are concerns about

a declining population hindering technological progress. The transformative potential of Al is

25



poised to accelerate innovation, even amid a shrinking population. While declining fertility rates
pose moral, philosophical, and economic challenges, they also create profound opportunities to
sustain productivity growth, elevate living standards globally, and reduce humanity's collective

adverse footprint on the planet.

Sustaining universal prosperity in the rapidly evolving technological landscape of the Age of Al
would require strategic investment in cultivating a flexible and resilient labor force, harnessing

the adaptability-driven advantages of diversity while preserving social harmony.

6. Concluding Remarks

The journey of humanity since the emergence of Homo sapiens in Africa nearly 300,000 years ago
is abundant with captivating episodes. It is easy to drift in this ocean of details, buffeted by the
waves and unaware of the mighty currents underneath. Unified Growth Theory reveals these
deeper currents and their contribution to the progression of the human species—the evolution of
the human brain, the Neolithic and Industrial Revolutions, the growth of human capital, the
demographic transition, the take-off from stagnation to growth, and the divergence in the wealth
of nations. It provides a clear axis for decoding the journey of humanity, the roots of growth and
inequality, and the future trajectory of the human species. In its absence, the history of human
development would be reduced to a mere chronology of events—an incomprehensible wilderness

of rising and falling civilizations.
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