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Preface

The thesis is motivated by contributing to the multidisciplinarity between the

two disciplines of Economics and Economic History. My choice for a dual

university education in Economics and History has encouraged me to look

for synergy effects leading to a focus on Economic History, especially on the

process of industrialization and the emergence of the Industrial Revolution.

This focused combined with the interest in Economic Growth Theory has led

to the choice of this thesis. On the one hand, economists may find it hard to

consider historical aspects when constructing their theoretical models and,

on the other hand, it may be not that easy for economic historians to read the

stylized models of economic growth theorists. Hence, the motivation for this

thesis has been to take these problems into consideration and so contribute

to a broader understanding of the complexity of economic development, es-

pecially in the very long-run.

My interest in the process of industrialization has firstly been encouraged by

a lecture of Peter Eigner held at the University of Vienna in the 2008 spring

semester. Based on that I have further deepened my knowledge by choosing

courses on that topic, which have been taught either by Peer Vries, or by

Erich Landsteiner within my Diploma program in History at the University

of Vienna. Within the field of economics, I have firstly get in touch with

growth theories in the 2009 spring semester, when I attended a course on

growth theory held by Ingrid Kubin at the Vienna University of Economics

and Business. A more advanced insight has then been granted by Jesus Cre-

spo Cuaresma within a graduate course of the Master program in Economics

at the same university. This thesis is my first attempt to combine these two

disciplines.

This thesis should therefore be insightful but also readable for people, who

are interested in economic growth and economic history. However, it can

not be recommended as an introductory literature into Economic Growth

or Economic History. For this purpose, there are recommendations within

the thesis, especially within the first part, which established the theoretical

background.
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1 Introduction

Determining the driving forces of economic growth and explaining the paths

to prosperity is a field of research in which several disciplines are interested.

Historical science and social sciences, especially economics, are probably the

two disciplines, which are mostly engaged in this field of research. Recently,

the overlapping between them does increase, mostly because growth theorists

do consider historical developments more strongly. The specific field of Eco-

nomic Growth within the discipline of Economics has traditionally focused

on explaining economic growth of industrialized societies, named modern

economic growth. Hence, the time period prior to the industrialization of

the countries, which are called advanced economies today, hasn’t been that

important. However, accounting for growth in the very long run has gained

attention recently, considering a much longer time period, sometimes even the

entire human history. Combining pre-industrial growth and post-industrial

growth has created an interdisciplinary field of research as, on the one hand,

growth economists do benefit from the expertise of economic historians and,

on the other hand, economic historians do benefit from structural modeling

and empirical studies produced by growth economists.

Within this framework, the Industrial Revolution as an important element of

explaining the transition from pre-industrial growth to post-industrial growth

has again became the focus of attention. Hence, the Industrial Revolution

is interpreted as a process, which has transformed the economic structures

leading to sustained growth rates of output per capita. This phenomenon

isn’t revolutionary due to its abruptness and intensity, but rather due to its

implications for the long-run development of living standards. Therefore, the

understanding of the Industrial Revolution follows Crafts and Harley (1992),

whose estimated data series for the British industrial output indicates a grad-

ual development during the second half of the 18th century as well as the

beginning of the 19th century and especially during the British Industrial

Revolution, which is most commonly dated from 1750 to 1780.1 In order to

1It should be clear that the British Industrial Revolution cannot be dated to one specific
year, as it’s understood as a process, that transforms the economy during a longer time
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explain the British Industrial Revolution it’s necessary to explain why such a

high density of technological improvements happened during that time, being

able to spread gradually over the whole country and leading to a knowledge

based growth model, which has ensured sustained positive growth rates of

income per capita until now.2 Developing theories, which have the objec-

tive to present an answer to this phenomenon has a long tradition within

Economic History.3 Growth economists, who want to handle both growth

regimes - the pre-industrial and the post-industrial growth - have to deal

with this phenomenon too, in order to manage a transformation from one

growth regime to the other. This is possible by either adapting theories from

the Historical sciences and implementing them in the growth model, or by

developing new perspectives and explanations. All in all, the Industrial Rev-

olution is a crucial element in every growth model dealing with economic

growth in the very long run. To study the role of the Industrial Revolution

within one of these theories, which is the Unified Growth Theory, and to test

it on the empirical evidence of the British Industrial Revolution is the aim of

this work. However, more on the research questions, the methodology used

and the structure of the thesis will be presented in the following sections.

1.1 Research questions

One prominent growth theory dealing with both growth regimes is the Unified

Growth Theory, which has been developed by Oded Galor.(Galor, 2005, 2011)

This theory, especially the Galor-Weil model, is at the center of the analysis

presented. In particular, the analysis is focused on the emergence of the

Industrial Revolution within the Unified Growth Theory. Beside a theoretical

model analysis, it’s of interest, if the model mechanisms, which have been

period. Therefore, it’s not that important to limit the Industrial Revolution to a specific
year or even decade.

2A good introduction to the British Industrial Revolution is given by Griffin (2010)
dealing with a broad spectrum of different aspects. A good attempt to deal with the
Industrial Revolution in an European perspective is Broadberry and O’Rourke (2010).

3The most recent theories explaining the British Industrial Revolution are ’The En-
lightened Economy’ theory by Joel Mokyr and the ’Relative Factor Price’ theory by Robert
Allen.(Mokyr, 2005a; Allen, 2009)
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detected to lead to the Industrial Revolution, are supported by the empirical

evidence. The case chosen to compare the theory with the empirics is the

British Industrial Revolution.4 The research questions of this thesis can

therefore be stated as follows:

• Which mechanisms are responsible for the emergence of the Industrial

Revolution within the Unified Growth Theory?

• Which theories are used to explain the mechanisms acting and which

theories might be additionally relevant in this respect?

• How do the various mechanisms, which have been detected to be nec-

essary in order to explain the Industrial Revolution, fit the empirics of

the British Industrial Revolution?

Furthermore, it’s analyzed if the Unified Growth Theory is compatible with

prominent theories from the historical sciences explaining the British In-

dustrial Revolution. In particular, the ’Enlightened Economy’ theory by

Joel Mokyr is considered as an example to be tested against conflicts with

the Industrial Revolution’s emergence within the Unified Growth Theory.

Therefore an additional research question is answered:

• Can the Unified Growth Theory be expanded in such a way, that the

’Enlightened Economy’ theory by Joel Mokyr can be incorporated, or

are the mechanisms, which lead to the emergence of the Industrial

Revolution within both theories conflicting, such that a combination of

the two theories isn’t possible?

4The British Industrial Revolution has been chosen due to the fact, that any theory
dealing with economic growth in the very-long run and modeling the transition from pre-
industrial growth to post-industrial growth must have some explanatory power for the
First Industrial Revolution. If the Industrial Revolution, as an element in the transition
from one growth regime to another happens endogenously within the model, it’s most
relevant to consider the one country, which hasn’t been influenced by countries, which
have already entered this transition period by an Industrial Revolution. Therefore, the
British Industrial Revolution, as the country, which has industrialized first, is of special
interest.
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Therefore, it’s also an objective to analyze and compare explanations regard-

ing the Industrial Revolution from the discipline of Economics and Economic

History, in order to further advance interdisciplinary research.

1.2 Methodology

The research questions are answered by using various methodological pro-

ceedings. The emergence of the Industrial Revolution within the Unified

Growth Theory is analyzed by studying the model equations regarding ac-

celerating growth rates of income per capita as well as high rates of techno-

logical progress. In the next step a comparative approach is used, in order to

detect, which theories are able to support the mechanisms detected before-

hand. Various theories, which emphasize different channels of how the forces

used within the Unified Growth Theory can be linked to the emergence of

the Industrial Revolution, are compared, verified and put in a setting, which

allows for an application for the Unified Growth Theory. After the elabora-

tion and theoretical deepening of the Unified Growth Theory an empirical

approach is used, in order to link the theory to the data. This empirical

analysis is based on descriptive data analysis and empirical results of econo-

metric studies using frequentist methods, therefore also a meta-analysis of

empirical results is applied.

1.3 Outline

The thesis is structured in four parts: The first part establishes the back-

ground of the topic and gives an introduction to the main building blocks

used. This starts by explaining the role of the Industrial Revolution within

growth theories in section 2, which shows where the Unified Growth Theory

is situated within this field of research. Then the main model elements of the

Unified Growth Theory will be summarized in a non-technical way in sec-

tion 3. Afterwards, the two most important variations of the Unified Growth

Theory are explained in section 4, which completes the first part. The second

part starts with an analysis of the Galor-Weil model on a more advanced level

in section 5 and puts a focus on the model dynamics, which are developed
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in section 6. Based on this theoretical analysis the two main determinants

for the emergence of the Industrial Revolution within the Unified Growth

Theory are examined in section 7. The subsections 7.1 and 7.2 deal with

the theory and empirical evidence of the Malthusian mechanisms and the

link between the population size and technological progress. The third part

presents a model expansion in order to account for country specific elements.

This enables to interpret the Unified Growth Theory as a theoretical skeleton

in section 8, which can also be expanded by other mechanisms and theories.

Section 9 uses this possibility and tests, if due to the model expansion the

Unified Growth Theory can be combined with mechanisms from Joel Mokyr’s

’Enlightened Economy’ theory. The fourth and last part gives a summary of

the findings and proposals for further research on this topic.
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Part I

Establishing the background

2 The Industrial Revolution within growth

theories

Modeling growth through the period of industrialization requires a lot of

flexibility. Substantial changes in economic structures, which have happened

along with the Industrial Revolution, are difficult to model, as fundamental

mechanisms may have to change too, in order to being compatible with the

altered characteristics of economic growth. There are two different ways how

growth theorists account for this. Either exogenous phenomena are used or

endogenous mechanisms account for the transformation. The distinction of

exogenous and endogenous theories is the prevailing and broadest classifica-

tion within growth theory and can also be used to classify theories of the

Industrial Revolution.

2.1 Exogenous theories

In reference to the Industrial Revolution institutional changes are the most

prominent example for exogenous factors, which have altered the economic

structure in such a way that rapid productivity gains were possible. The

introduction of property rights, for instance, were necessary to enable tech-

nological progress via inventions as there wouldn’t have been economic incen-

tives for investing time in implementing new ideas, if these ideas hadn’t been

protected. Therefore, either institutions, which trigger technological progress

and emerge without economic considerations5, or technological progress itself

are exogenously determined within exogenous growth models. Such models

can explain a sudden occurrence of technological progress, but lack in con-

5North and Weingast (1989) argue that England’s institutions, which permitted eco-
nomic growth in early modern England have been a consequence of the Glorious Revolu-
tion, which is introduced as an exogenous factor.
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tributing to a more gradual emergence of the Industrial Revolution. However,

the lack of modeling a gradual development doesn’t imply that institutions

don’t matter, as Jones (2001) shows. He argues ”that changes in institu-

tions to promote innovation are potentially extremely important”, although

his model is based on endogenous technological progress.(Jones, 2001, p.33)

Another argument for considering exogenous effects is used by Hansen and

Prescott (2002), who introduce exogenous technological progress due to the

lack of acceptance of a theory of endogenous technological progress. Fur-

thermore, exogenous factors are used to explain a shift of equilibrium, from

a bad equilibrium of zero or very low growth rates of output per capita to a

good equilibrium of sustained modern growth rates. Becker et al. (2008), for

example, argues that several exogenous factors, like improved transportation

methods, can shift an economy from a bad equilibrium to a good one. The

bad steady state equilibrium is characterized by a limited stock of human

capital and a large family size, whereas the good steady state equilibrium

is characterized by a large and perhaps growing stock of human capital and

a small family size. Although, fertility is modeled endogenously, exogenous

factors are needed to account for the shift in equilibrium.

However, there is a clear trend to use endogenous technological progress.

More and more theories of economic growth, which consider the Industrial

Revolution, are aimed to include mechanisms leading to this important phe-

nomenon of economic history and contribute explanations for it.

2.2 Endogenous theories

Endogenous growth models suggest that the Industrial Revolution occurred

due to internal forces of the economic system. The roots of the Industrial

Revolution lay in the system itself. Technological progress is interpreted as

an endogenous process, which is modeled via various mechanisms in order

to account for the substantial change along with the Industrial Revolution.

The most prominent approach is the Unified Growth Theory, which has the

attempt to explain economic development of the entire human history en-

dogenously within one model. In order to account for a less sudden and
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more gradual character of the Industrial Revolution as well as for the minus-

cule long-term growth rates prior to the Industrial Revolution, the Unified

Growth Theory has to use a dampening mechanism on economic growth,

which gradually looses importance. Galor and Weil (2000) as well as Galor

and Moav (2002) use the Malthusian mechanism, which dampens income

per capita via its positive relationship with population growth and the di-

minishing returns to labor. The endogenous process of knowledge creation

and technological progress is modeled on the one hand through the posi-

tive effect of population growth on technological progress in Galor and Weil

(2000) and on the other hand through the positive effect of the composition of

the population on technological progress in Galor and Moav (2002). There-

fore, in both models of the Unified Growth Theory the demographic factors

promote technological progress and via this channel also income per capita,

which is dampened by the Malthusian mechanism as income per capita and

population growth are positively correlated. Once the size/composition of

the population is strong enough to dominate the dampening effect of the

Malthusian mechanism income per capita and technological progress start

growing substantially. This increases the importance of human capital in

the production process but also in the creation of knowledge, because the

Malthusian mechanism vanishes and sustained growth rates of income per

capita are possible. However, using Malthusian mechanisms for the dampen-

ing effect binds the models to use growth promoting mechanisms, which are

in any kind related to the population, as otherwise a dynamic system with

gradual endogenous technological progress wouldn’t be possible. Therefore,

not only the population-technological progress channel is analyzed, but also

the Malthusian mechanism has to be studied.

3 The main features of the Unified Growth

Theory

Describing economic growth of the entire human history within one theory is

a big challenge. This theory has to be flexible enough to account for major
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structural changes, but also needs to be specific enough in order to add, sup-

port or disagree with explanations in open discussions of historical, but also

in social sciences. As outlined above, the Unified Growth Theory emerged

because former growth theories couldn’t explain the gradual transition from

a period of Malthusian stagnation to a state of sustained economic growth.

However, the gradual character of the Industrial Revolution, which expresses

the phenomenon of a change to modern economic growth, has gained in im-

portance among economic historians in recent years. Focusing on induced

technological progress, Allen (2008) and Moykr (2002) have made theories

of a change to modern economic growth, in which technological progress

exogenously happens by accident, out-dated. However, also the establish-

ment of an Industrious Revolution by DeVries (2008) supports the gradual

transition to modern economic growth. The Unified Growth Theory, first ad-

vanced by Galor and Weil (2000), takes this gradual transition into account

by self-reinforcing mechanisms. The Galor-Weil model is structured into

three episodes: the Malthusian epoch, the Post-Malthusian regime and the

modern growth regime. Within these episodes the dynamic interlinkages be-

tween population size/composition, human capital and technological progress

ensure the endogenous transitions from one to the other. Although the transi-

tion from Malthusian stagnation to modern economic growth happens within

the Post-Malthusian regime, already the mechanisms in the Malthusian epoch

make the transition inevitable. That’s because the mutual positive relation-

ship between technological progress and the size/composition of the pop-

ulation ensures a gradual expansion of the technological frontier and the

population size within the Malthusian epoch until the rate of technological

progress reaches a level at which investment in the education of children

becomes profitable. The rise in the investment in human capital, due to

rising demand, results in higher rates of technological progress and guides

the economy to a new stable equilibrium with high levels of education and

technological progress. All in all, these mechanisms lead to the conclusion

that ”the transition from stagnation to growth is an inevitable by-product of

the process of development.”(Galor, 2005, p.178) However, before analyzing

the role of the Industrial Revolution within the two most important versions
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of the Unified Growth Theory separately - Galor and Weil (2000) focusing

on the size of the population and Galor and Moav (2002) focusing on the

composition of the population - the three different episodes are explained in

more detail, as this structure is maintained in both versions.

3.1 Malthusian epoch

The Malthusian epoch is characterized and dominated by the positive effect

of the standard of living on population growth.6 An increase in the standard

of living is therefore transformed into an increase in the number of born chil-

dren. However, due to diminishing returns to labor the standard of living

decreases again near to the subsistence level, which was prevailing before

technological progress or land expansion led to a temporary rise in income

per capita. Therefore, periods of technological progress should have led to

higher population densities and only negligible gains in income per capita.

The technological frontier of a country or society isn’t linked to the stan-

dard of living during the Malthusian epoch. That’s why it’s also named the

Malthusian stagnation, which persisted until the end of the 18th century in

a global perspective.(Galor, 2005, p.180) If this fundamental mechanism of

the Unified Growth Theory coincides with the historical evidence is analyzed

in section 7.1.

The Malthusian mechanism acts only slowly, so that deviations from the

long-run trend in income per capita were possible, even over centuries. In

the aftermath of the sharp declines in the population size due to the Black

Death in the 13th century, real GDP per capita as well as real wages in-

creased in England for almost two centuries, after decreasing again in the

16th century. Galor (2005, p.183) further argues that align with the Malthu-

sian mechanism the high real wage level in the 14th and 15th century led

6Mostly, the Malthusian mechanism that an increase in the standard of living, either
by technological progress or by land expansion, leads to higher fertility is expressed as the
effect of real wages on the birth rate, like it’s the case in Crafts and Mills (2009). Galor
(2005) uses income per capita as an approximation for the standard of living, which may
be problematic if distributive aspects are considered. However, as his objective is to model
the change in this key variable, he allows for the shortcut from the standard of living to
income per capita.
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to an increase in the population, which brought real wages back to the pre-

plague level in the 1560s.

The second basic mechanism, which acts during the Malthusian epoch, is the

positive effect of the scale of the population on the technological progress.

Referring to Boserup (1965), Galor (2011, p.147) identifies five effects how

the scale of the population can enhance technological growth: ”Via its ef-

fect on (i) the supply of innovative ideas, (ii) the demand for innovations,

(iii) the rate of technological diffusion, (iv) the degree of specialization in

the production process and thus the extent of ’learning by doing’, and (v)

the scope for trade and thus the extent of technological imitation and adop-

tion.” The combination of this positive effect of the scale of the population

on the technological progress with the positive effect of the technological

progress on the size of the population and its dampening effect on income

per capita ensures a gradual development. Without the dampening effect

of the Malthusian element the negligible effect of technological progress on

the growth of income per capita couldn’t be explained.(Galor, 2011, p.144)

And without incorporating the Boserupian element an endogenous escape

from the Malthusian trap, during which the positive impact of technological

progress gradually gained in importance, isn’t possible within the Unified

Growth Theory. These dynamics ensured the emergence of the Malthusian

epoch, but also inevitably led to the Post-Malthusian regime.

3.2 Post-Malthusian Regime

The Post-Malthusian regime is the episode during which the transition from

the Malthusian epoch to the modern growth regime has occurred. It is

marked by a significant increase in the average growth rate of output per

capita and begins with accelerating technological progress and capital accu-

mulation. Average growth of output per capita increased despite the Malthu-

sian mechanism was still active, which has dampened the gains through

population growth. Therefore, not only higher growth rates of output per

capita, but also higher rates of population growth can be observed during

the Post-Malthusian regime. The escape from the Malthusian trap, in which

12



the dampening effect of population growth on output per capita has domi-

nated, is identified as the Industrial Revolution. ”The take-off of developed

regions from the Malthusian Regime was associated with the Industrial Rev-

olution and occurred during the first part of the nineteenth century.”(Galor,

2011, p.18) The acceleration of the technological progress up to a level that

more than compensated the dampening Malthusian effect is no exogenous

phenomenon, rather it’s a consequence of the dynamics acting during the

Malthusian epoch. The pressure of the size/composition of the population

on the technological progress reached such a high level that it displaced the

Malthusian mechanism as the dominating effect.

In order to reach the modern growth regime it needs a second momentum,

which emerged towards the end of the Post-Malthusian regime. The forma-

tion of human capital acted as this momentum, leading to the demographic

transition, due to which the positive effect of technological progress and factor

accumulation on aggregate income is no longer counterbalanced by popula-

tion growth. In the Unified Growth Theory the formation of human capital

is triggered by the industrialists’ demand for human capital. The rapid tech-

nological progress since the beginning of the Post-Malthusian regime trans-

formed the production process towards a higher demand for skilled workers.

”Human capital formation was designed primarily to satisfy increasing skill

requirements in the process of industrialization, and industrialists become in-

volved in shaping the educational system.”(Galor, 2011, p.30) In England, for

example, the 1870 Education Act and the compulsory education act in 1880

are interpreted as a fulfillment of this demand. This happened before 1884,

when the working class became the majority in most counties, so that the

industrials’ demand for skilled workers due to a transformation in the pro-

duction process is seen to be the main driver for governmental intervention

in the provision of education. This increased the formation of human capital,

which influenced fertility habits and greatly contributed to the demographic

transition.
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3.3 Modern Growth Regime

After completing the Post-Malthusian regime the demographic transition

leads to the modern growth regime. The educational system, which was intro-

duced because of industrial demand, shifts the fertility habits from quantity

to quality so that fewer children, but better educated ones, were raised. Con-

sequently, fertility rates and population growth declined, but growth rates

of technological progress remained at a high level, due to the rise in human

capital. A reduction in the dilution of the stock of capital and land, as well

as an altered age distribution, which temporarily increases the size of the

labor force, supported the growth process. The growth rate of technological

progress remains high, but the population growth diminishes, such that a

larger share of the fruits of factor accumulation and technological progress

can be converted into growth of income per capita.(Galor, 2011, p.46) Hence,

the Malthusian counterbalancing effect of population growth on income per

capita has vanished and the economy entered the modern growth regime, in

which sustained growth in income per capita is possible.

4 The Industrial Revolution’s inevitability

After a broad overview of the Unified Growth Theory as well as its classi-

fication within growth theories, which cover the Industrial Revolution, has

been given, the two most important approaches of the Unified Growth The-

ory are analyzed separately. Firstly, the Galor and Weil (2000) model which

focuses on the population size. Secondly, the Galor and Moav (2002) model

which concentrates on the composition of the population.7 However, what

is equal to both models is that the Industrial Revolution and the transition

7Based on Galor and Moav (2002), Gregory Clark has developed a theory of the Indus-
trial Revolution, which strongly focuses on Social Darwinist elements. His publications
Clark and Hamilton (2006) and Clark (2007) led to an intense discussion within the disci-
pline of economic history, not only about the influence of Social Darwinist elements, but
also about the historical evidence of Malthusian mechanisms; see for example the second
issue of the 12th volume of the European Review of Economic History (August 2008).
Therefore, beside Galor’s contributions within the Unified Growth Theory, also Clark’s
historical analysis will be considered.
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to modern sustained growth is inevitable, as the mechanisms leading to that

outcome are deeply anchored and have determined economic development

during entire human history. How these mechanisms are suggested to act

within the Unified Growth Theory is analyzed in this section. Afterwards a

much more detailed look on several important variables and their dynamics

within the Galor-Weil model is taken.

4.1 Population size mechanism

The more residents a country has, the higher the rate of technological progress

will be. In principle, that’s the engine of growth during the Malthusian

epoch, when investment in human capital as a growth promoting factor can

be neglected, within the Galor-Weil model. The idea to use the size of the

population as the dominant growth performing factor is adopted from Kre-

mer (1993) and based on Boserup (1965). Lee (1986) has introduced the idea

of interpreting Boserup (1965) not as a conflicting theory to Malthusian ele-

ments, but as a complementary theory instead. The Malthusian-Boserupian

combination has enabled to explain growth promotion via population induced

technological progress and growth dampening, as the size of the population

is determined by the prevailing level of technological progress. Diminish-

ing returns to labor ensure that - holding the rate of technological progress

constant - a growth in the size of the population reduces output per capita.

The additional labor input produces less additional output, such that total

output divided by total labor decreases. Consequently, as long as this damp-

ening effect on output per capita dominates the positive effect of the size of

the population on technological progress, increases in technological progress

will only lead to higher population densities, as a higher level of technologi-

cal progress enables a higher population size being sustainable. There won’t

be any gains in output per capita. However, as the size of the population

increases also the induced rate of technological progress rises, such that at

some point in time the positive effect dominates the dampening effect on

output per capita. Furthermore, the fact, that population adjusts not imme-

diately, but rather faces some time lag, enables small increases in output per
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capita even before the positive effect dominates. Therefore, a more gradual

evolution of the inevitable Industrial Revolution becomes possible.

Within the Malthusian regime a subsistence consumption constraint is bind-

ing. As long as this constraint is binding, increased income induced by tech-

nological progress will raise the number of children, as less time has to be

devoted to labor force participation. When the subsistence consumption con-

straint is no longer binding, the time devoted to child rearing stays constant.

As individuals face a comparative advantage by investing in the education,

in order to adapt to the new technology, more time is allocated to increase

the quality of children, rather than their quantity. Therefore, the decision,

whether to use the time devoted to child-rearing for the quality or the quan-

tity of children is solely determined by the rate of technological progress and

not by the parental level of income. The preference for the quality, which

leads to the demographic transitions, occurs due to the positive effect of

technological progress on the demand for education. The higher the techno-

logical progress, the more highly skilled employees are demanded and thus

investment in education increases. This change makes an end to the positive

influence of the size of the population on the technological progress, as from

that point in time on, human capital formation acts as the engine of techno-

logical progress and economic growth. Population declines, but technological

progress increases further and as the negative Malthusian effect on output

per capita vanishes along with the demographic transition, output per capita

grows even faster.

4.2 The evolutionary approach - Composition of the

population

The Galor-Moav model uses Social Darwinist elements as a driver of tech-

nological progress, in which the composition of the population is the most

important factor.(Galor and Moav, 2002) The major difference to the Galor-

Weil model is the functioning of technological progress. Technological progress

in the Galor-Moav model is a function of the level of education, which is

determined by the technological progress and the composition of the pop-
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ulation.8 The composition of the population is the individuals’ fraction of

the total population, which have a high valuation of education in child rear-

ing. The higher this fraction is, the greater the technological progress. And

that’s what the dynamic model ensures, as it’s assumed that ”individuals

with higher valuation of the quality of children had a larger number of sur-

viving offspring, and their representation in the population increased over

time.”(Galor, 2011, p.267) The degree of investment in human capital is sep-

arated into two groups. On the one hand, group A invests in the education

of their children independent on the rate of technological progress. This pref-

erence for a higher valuation of child quality is assumed to be transmitted

intergenerationally either genetically or culturally, so that children of individ-

uals from group A stay within the group. On the other hand, group B invests

solely in the education of their children, if the rate of technological change

is sufficiently large. The higher valuation of education positively influences

income, so that individuals of group A have a higher number of surviving

offspring, as long as the subsistence consumption constraint is binding for

group B. After this dampening effect on fertility vanishes due to continuous

increases in the rate of technological change, the higher valuation of quantity

over quality of children in group B led to a higher fertility rate in compari-

son to individuals of group A. Therefore, whichever group has a higher rate

of fertility changes with the rate of technological progress. Nevertheless, as

long as the subsistence consumption constraint is binding for group B, the

composition of the population increases in advantage for group A. This also

implies that the average level of human capital increases, which positively

influences technological change, as well as income per capita. This model,

therefore, allows for a more gradual development, as gains in income per

capita are possible, already during the Malthusian epoch. Once technolog-

ical progress reaches the level, at which it becomes profitable to invest in

human capital also for individuals of group B, technological progress acceler-

ates. This acceleration of the rate of technological change ”may be associated

8gt+1 = ψ(et); et = e(gt, qt), where gt+1 is the technological progress in period t+ 1, et

is the level of education in period t, and qt is the composition of the population in period
t.(Galor, 2011, p.238-254)
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with the Industrial Revolution.”(Galor, 2011, p.263) In the Galor-Weil model

the investment in human capital as a driving force of technological progress

doesn’t take influence until the second phase of the Industrial Revolution,

when the change in the production process increases the demand for human

capital.

4.2.1 Gregory Clark’s historical interpretation...

Motivated by Galor and Weil (2000), Gregory Clark has advanced the evolu-

tionary approach in regard to its interpretation of the Industrial Revolution.

Clark and Hamilton (2006) develops the positive relationship between the

richness of men and their reproductive success: The richer a man is, the

more surviving offspring he has! In Clark (2007), he links this relationship

to the Industrial Revolution, arguing that the probability of its emergence

rises, as middle class values gain in importance in the society, due to a social

downward mobility.

Based on data from wills Clark shows a positive link between wealth at death

and the ’reproductive success’.9 Men in the highest asset class had twice as

many surviving children as men in the lowest asset class. The sample used

consists of 2,250 wills, of which 1,934 are with bequest information, from the

period 1585 to 1638. These are taken from Cambridge, Essex, Suffolk and

London, as well as from the towns Bristol and Darlington.10 The sample

period is therefore not very long, nevertheless Clark and Hamilton argue,

that pattern existed in England at least by 1250. The surviving sons per

testator were higher for royal tenants than for all adults for almost the whole

period of 1250 to 1649. However, almost half of the sons of rich men had to

move down the social ladder and ended in a lower asset class. That’s because

pre-industrial England was a static society in which ”the relative number of

occupations, the wage rates for different occupations, and the stock of housing

per person changed little.”(Clark and Hamilton, 2006, p.25)

9The ’reproductive success’ is defined as ”the number of surviving children a man had
at the time of his death, counting as surviving children also children who were dead but
had themselves left surviving offspring.”(Clark and Hamilton, 2006, p.4)

10The wills from London are without asset information.
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Assuming, that richness is attributed to specific values, which enable an

individual being successful in economic competition, the social downward

mobility leads to a spread of certain values, which may be preferable for

economic growth. Similar to Galor and Moav (2002), the fraction of this

group of people increases within the society. Clark (2007) argues that this

mechanism, which spreads the preferences led to an increasing middle class

orientation of the society. The fall of interest rates, the increase in literacy

and numeracy rates, the rise in working hours and a decline in interpersonal

violence benefited by the process of natural selection and occurred as the

economy escaped from its Malthusian trap. However, Clark doesn’t see the

changing preferences of people as the sole reason for this escape. Technology,

institutions and people interacted in the long pre-industrial agrarian period

and gradually shifted the economy towards the Industrial Revolution. Espe-

cially, the appearance of dramatic discontinuity can’t be explained by slowly

changing preferences. Clark (2007) concludes that the population explosion,

which was unrelated to productivity gains, in combination with faster pro-

ductivity growth, although being less important, can explain this dramatic

appearance. ”Britain’s rise to world dominance was thus a product more of

the bedroom labors of British workers than of their factory toil.”(Clark, 2007,

p.243)

4.2.2 ...has triggered an intense discussion.

Gregory Clark’s interpretation presented in ’A Farewell to Alms’ has trig-

gered a broad discussion within the field of economic history. The review

by Robert Allen (2008) and the articles published in the second issue of the

12th volume of the European Review of Economic History (August 2008)

demonstrate the big echo of Clark’s book. The most striking criticism is the

spread of middle class values as the reason for the Industrial Revolution hap-

pening in England first. Clark’s argument that the survival of the richest,

combined with the social downward mobility, spread the middle class values

and, thus, have led to lower interest rates, greater literacy and numeracy, a

longer work year, and less violence is only little documented. Although he
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empirically shows the survival of the richest mechanism for a short period

of England’s history within Clark and Hamilton (2006), the other linkages

lack of empirical testing. As has been pointed by McCloskey (2008), Clark

gives no justifying calculations for the link between the causal chain. That

higher net fertility of richer men leads to a spread of their values through

social downward mobility is further questioned by Allen (2008). In a time of

ongoing urbanization it’s questionable that the children of economically com-

petitive businessmen and artisans are forced to move down the social ladder,

as they have to replace their parents and satisfy a greater demand. This link,

therefore, may be not so clear as it is stated by Clark. Next the link between

the spread of middle class values and the four growth performing character-

istics lack of evidence. Does the change in attitude have caused the changing

behavior? Allen (2008, p.958) makes the point that also other forces can

have led to the changing behavior. For example, may lower book prices have

caused the rise in literacy and institutional changes, like the creation of the

Bank of England that may has brought interest rates down, Therefore, with-

out empirical evidence supporting that link, also other possibilities have to

be considered. Furthermore, it’s doubtful, that rich people - the richest have

been aristocrats - were rich because of values supporting economic growth.

In the later Middle Ages there is little evidence of aristocrats re-investing

profits in order to increase production. English knights haven’t been cap-

italist business managers. However, there is evidence that rural efficiency

increases were caused, on the one hand, by merchants becoming landowners

in the 16th century and, on the other hand, by old aristocrats had too little

children in order to reproduce themselves. Although the merchants, which

at most represented Clark’s middle class values, are interpreted as being re-

sponsible for rural efficiency gains, the structure of the society is far more

complex, than rich and poor.

In contrast to Gregory Clark, Galor and Moav (2002) have focused much

more on human capital and the interlinkages between the increasing fraction

of people, which value the quality of children a lot, and the effect of the

technological progress on the level of education invested for the whole popu-

lation. Clark’s approach is much more focused on explaining the Industrial
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Revolution without the education effect of the Galor-Moav model. That’s

astonishing as the Galor-Moav model needs the growth promoting effect of

the educational level induced technological progress. Technological progress

and economic growth within the Industrial Revolution is triggered by the

people, who aren’t members of the group, which has the growth supporting

values, as technological progress accelerates when it becomes profitable for

these people to invest in their children’s level of education. The mechanism

of an increasing fraction of group A people in the population, which comes

close to Clark’s spread of middle-class values, however ensures the gradual

development towards the Industrial Revolution. Gregory Clark’s interpre-

tation, therefore, is much more different from the Galor-Moav model as it

seems to be at first sight.
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Part II

Modeling the Industrial

Revolution

5 The Galor-Weil Model

The Galor-Weil model links economic development to the interacting forces

of human capital, population size and technological progress. It’s an endoge-

nous model, so that all of these variables are determined within the model.

As the Industrial Revolution is a major event in the economic development

of countries, which have achieved modern sustained growth, every model of

economic development has to deal with this phenomenon. In the Galor-Weil

model and within the ’Unified Growth Theory’ in general, the Industrial

Revolution occurred during the transition from the Malthusian epoch to the

Post-Malthusian regime. The second event of transition is the demographic

transition, which explains the transition from the Post-Malthusian regime to

the modern growth regime. In order to model economic development with

these two events of transition endogenously, the Galor-Weil model introduces

qualitative changes in its system of equations. For example, the behavior

of individuals regarding their investment in the education of their children

changes at a certain level of technological progress. This then leads to the de-

mographic transitions and ensures that technological progress remains high

in spite of the decreasing population size. However, the mechanisms, which

have led to the Industrial Revolution, in particular, can only be fully un-

derstood and analyzed by looking at the formal presentation. Therefore,

the structural presentation of the Galor-Weil model within Galor and Weil

(2000) and Galor (2011) is used.

The whole model is based on a Cobb-Douglas production function with land,

efficiency units of labor and technology as inputs. More precisely, Ht gives

the aggregate quantity of efficiency units of labor employed in period t, which

can be called ’effective labor’. If efficiency increases more output can be pro-
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duced at constant labor input, so that Ht can increase also in the absence of

a rising labor force. The other two input factors, land (X) and technology

(At) can be combined to its product (AtX), which is interpreted as ’effec-

tive resources’. In a second step this production function is corrected to the

amount of workers (Lt) assuming that these are all fully employed. Then, to-

tal output produced (Yt) becomes output per worker produced (yt ≡ Yt/Lt),

aggregate quantity of efficiency units of labor employed (Ht) becomes the

level of efficiency units of labor per full-time worker (ht ≡ Ht/Lt) and the

effective resources (AtX) become the level of effective resources per worker

(xt ≡ (AtX)/Lt). Efficiency units of labor per full-time worker can also be

expressed as the individuals level of human capital measured in efficiency

units of labor per full-time worker. The production functions therefore looks

like,

Yt = Hα
t (AtX)1−α (1)

yt = hα
t x1−α

t (2)

where α is within the interval [0,1] indicating constant returns to scale.

The model is constructed as a two generation model, so that individuals are

children in period t and participate in the labor force in period t + 1. The

child of a member of generation t faces a level of human capital measured in

efficiency units of labor ht+1, which is determined by the time investment of

its parents to education et+1 and the rate of technological progress gt+1. The

parental time investment in the education of the child positively influences

the level of human capital, whereas an increase in the rate of technologi-

cal progress reduces the level of human capital at constant investment in

education, as some technological improvements reduce the usefulness of the

acquired knowledge. This is represented by equation 3, where the plus indi-

cates a positive effect and the minus a negative effect on the level of human

capital. In order to analyze the inputs of human capital the model goes

one step deeper. The micro founded character of this model is based on a

utility function, which has consumption, the number of children as well as
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their quality as inputs.11 This utility function is maximized with respect to a

budget constraint - the summation of the time cost of child rearing and con-

sumption has to be less or equal to potential income, which would be earned

if all time is devoted to labor force participation.12 Therefore, individuals

maximize their utility by choosing the level of consumption, the quantity of

children and the quality of children. As long as the subsistent consumption

constraint is binding individuals devote a larger fraction of time to labor force

participation, than if income is high enough such that there is no binding

consumption constraint. Therefore, if the subsistent consumption constraint

is binding an increase in parental income leads to an increase in the fraction

of time devoted to child rearing. Whether this leads to an increase in the

quantity or quality of children depends on the level of human capital ht+1,

which is a function of the level of education and the rate of technological

progress. As the optimization with respect to the level of education shows,

et+1 is an increasing function of gt+1 - meaning that the level of education

increases if the rate of technological progress increases. Though, the level

of education is only increased by the rate of technological progress if this is

above a certain level
∧

g, as it’s formally stated in equation 4.

ht+1 = h(et+1
+

, gt+1
−

) (3)

et+1 = e(gt+1)











= 0 if gt+1 ≤
∧

g

> 1 if gt+1 >
∧

g
(4)

If the rate of technological progress is below this level there is no positive ef-

fect on the level of education. Parents do only invest in the education of their

children if this threshold has been met. Therefore, as the level of education is

11In contrast to the preference for a large number of children (quantity), the quality of
children denotes the preference for less but better educated ones.

12Utility function: ut = (1 − λ)ln(ct) + λln(ntht+1), 0 < λ < 1; where (1 − λ) indicates
the fraction of time devoted to labor force participation in order to consume c and λ

indicates the fraction of time devoted to child rearing.
Budget constraint: ztnt(τ + et+1) + ct ≤ zt; where zt indicates potential income, nt the
number of children and τ ”the fraction of the individual’s unit-time endowment that is
required to raise a child, regardless of quality.”(Galor, 2011, p.151)
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solely affected by the rate of technological progress it’s the sole factor, which

determines the level of human capital. This implies that if the subsistence

consumption constraint is binding and the rate of technological progress is

below its critical threshold, an increase in parental income increases the num-

ber of children and has no influence on their quality. Therefore, although the

parental income increases the fraction of time devoted to raising children, it

doesn’t influence whether this time is spent on quality or quantity, as this

decision is only determined by the rate of technological progress.

This scenario of binding subsistence consumption constraints and a rate of

technological progress being below its critical threshold is part of the Malthu-

sian regime. As the increase in the level of education due to an increase in

the rate of technological progress is zero, human capital can’t be a driver of

growth during this regime. The rate of technological progress, which is ex-

pressed by equation 5, is therefore solely driven by the size of the population

Lt. When the threshold is reached, investment in the education becomes

efficient and human capital also positively contributes to growth. The model

assumes that once this threshold has been met the industrial demand for

human capital makes the investment in education rational. The rising de-

mand for human capital, due to a change in the production process is an

event, which is related to the period of industrialization. Hence, it can’t be

a reason for the occurrence of the Industrial Revolution within this model.

Therefore, only the size of the population is left as a driver for technological

progress triggering the Industrial Revolution. The size of the population is

positively related to the level of income as long as the subsistence consump-

tion constraint is binding, otherwise income has no influence on the size of the

population. Moreover, if the technological threshold has been reached, the

rate of technological progress in period t + 1 reduces the number of children

in period t, as for a given level of income, the rate of technological progress

positively influences the level of education et+1, which reduces quantity as

quality increases and the time devoted to labor force participation stays con-

stant. However, as long as the rate of technological progress is below its

threshold, gt+1 has no influence on the number of children in period t as no

investment in the level of education occurs. Though, the rate of technological
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progress in the same period (gt) does influence the number of children (nt)

via its positive effect on income. This is formally stated by equation 6, where

two cases are distinguished, whether the subsistence consumption constraint

is binding (zt ≤
∼

z) or not binding (zt ≥
∼

z).13 If the subsistence consumption

constraint is binding, then parental income determines the number of chil-

dren, especially if the rate of technological progress hasn’t met its threshold

yet. Income is positively influenced by the level of education, the rate of

technological progress and the effective resources, all of them in period t.

This makes sense, as individuals are assumed to be fully employed, such that

the output per full-time worker equals their income: zt = yt. However, this

implies that the gains from output are distributed equally within the society.

gt+1 ≡
At+1 − At

At

= g(et
+

, Lt
+

) (5)

nt =



















λ
τ+e(gt+1)

≡ nb(gt+1
−

), if zt ≥
∼

z

1−[
∼

c

zt
]

τ+e(gt+1)
≡ na(gt+1

−

, z(et, gt, xt))
+

, if zt ≤
∼

z
(6)

So far it has been analyzed that as long as the subsistence consumption con-

straint is binding the parental income positively influences the number of

children. Furthermore, parental income is determined by the rate of tech-

nological progress of the same time period and as income is equal to output

also output per full-time worker grows. However, the rise in the number of

children increases total population of the subsequent period: Lt+1 = ntLt.

As long as the rate of technological progress is below its threshold, the rate of

technological progress in the following period (t+1) isn’t affected, as Lt+1 has

no influence on gt+1 and gt has no influence on et. If we assume that the rise

in income has been due to an increase in the rate of technological progress

13In the first case the rate of technological progress in period t + 1 determines the
number of children, as the fraction of time devoted to child rearing is constant at λ if
the subsistence consumption constraint is not binding. Then the rate of technological

progress in period t + 1 negatively affects the number of children, if gt+1 >
∧

g, as it is
efficient for parents to substitute quantity for quality. In the second case, apart from the
rate of technological progress also the income determines the number of children. That’s
because a rise in income enables the parents to increase the fraction of time devoted to
child rearing, as less labor force participation is necessary.
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and not due to land expansion or exogenous investment in education, then

this increase in gt doesn’t affect gt+1. This is important, as it implies that

the population increases in period t + 1, but total output produced (Yt+1)

stays the same as neither Ht+1 nor At+1 changes and X is constant anyway.

If Lt+1 increases at constant Yt+1, yt+1 will have to fall. This implies that

both output per full-time worker and income decrease due to the increase in

the number of children in the period after the rise in the rate of technological

progress and income. This indicates the dampening effect during the Malthu-

sian regime, when the subsistence consumption constraint is binding and the

rate of technological progress is below its threshold. However, the increase in

the population fosters growth in the period t+ 2, as it leads to an increase in

the rate of technological progress in that period (gt+2 ≡ g(et+1, Lt+1); equa-

tion 5), which positively influences income. Furthermore, this increases the

number of children in period t + 2 and the same mechanism acts again until

either the subsistence consumption constraint isn’t binding anymore, and/or

the rate of technological progress reaches its threshold.

↑ gt ⇒↑ zt ⇒↑ nt ⇒↑ Lt+1 ⇒↓ yt+1

↑ Lt+1 ⇒↑ gt+2 ⇒↑ zt+2 =↑ yt+2

The interlinkages between the rate of technological progress, the population

size and in later stages also the level of education is of key importance within

the Galor-Weil model. It can already be anticipated how the model achieves

to keep gains in living standards very low in spite of increased technological

progress within the Malthusian regime. Population size increases dampen

gains in income per capita so that technological advances only positively

influence population density. The development of the growth performing

mechanisms of the rate of technological progress during economic develop-

ment will be analyzed in the next chapter: Model dynamics. It will be based

more on graphical presentation, but also incorporates some formal elements,

which have already been introduced within this chapter. Furthermore, based

on the paper ”The Galor-Weil model revisited: A quantitative exercise” by

Lagerlöf (2006), the development of the model’s key variables will be ana-

lyzed. This will help to compare the model with historical evidence.
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6 Model dynamics

The dynamic system of the Galor-Weil model is characterized by the rela-

tionship between the size of the population and the rate of technological

progress as well as by the relationship between the level of education and the

rate of technological progress. Furthermore, two qualitative changes of the

dynamical system occur. Starting with a low population, a very low level of

education and little technological progress the economy advances only slowly.

These advances are hardly marked by increases in per capita income, as short

benefits are dampened by a rising population size. The economy is trapped

within the Malthusian regime. However, the mechanisms occurring in this

regime will lead to the escape from it. Technological advances are driven by

the size of the population and vice versa. The curves in figure 1 indicate the

evolution of technology and education. Where these two curves intersect, a

steady-state equilibrium can be found, in this case the equilibrium is globally

stable too.

Figure 1: The evolution of technology and education (small population);
Source: Galor (2005, p.246).
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The curve et+1 = e(gt+1) is vertical at the educational level of zero until

the threshold
∧

g is reached, after which the curve is convex.14 As the gt+1 =

g(et, L) curve intersects with the et+1 = e(gt+1) curve at its vertical part, the

equilibrium is characterized by a zero level of education. However, this figure

doesn’t display the whole dynamical system. It’s only valid for a constant

size of the population. As the size of the population grows with the rate of

technological progress as long as the subsistence consumption constraint is

binding, the gt+1 = g(et, L) curve will moves upwards if the population size

increases.

Figure 2: The evolution of technology and education (moderate population);
Source: Galor (2005, p.247).

Once the technology curve has moved upwards by so much, that it intersects

with the education curve three times, the dynamical system has qualitatively

changed. This situation is displayed in figure 2. Two of the three points of

intersection are locally stable, only the one which lies in between is unsta-

14Note that the model is specified in such a way, that a zero level of education ensures
a basic level of human capital, which is set equal to one.
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ble. However, as we have started at the Malthusian equilibrium at a small

population size the second locally stable equilibrium, which is characterized

by a high rate of technological progress and a high level of education, could

only be reached at this moderate population size, if a large exogenous shock

occurs. The threshold hasn’t been reached so that the economy still sticks

within the Malthusian regime at a zero level of education. The sole driver

of technological progress remains the size of the population. The next qual-

itative change occurs when the technology curve has moved upwards by so

much, that the threshold has been exceeded. There is only one equilibrium

left, which is globally stable. This situation is displayed in figure 3.

Figure 3: The evolution of technology and education (large population);
Source: Galor (2005, p.247).

The transition to this equilibrium once the threshold has been exceeded is

explained by the Post-Malthusian epoch. If the equilibrium is met, the mod-

ern growth epoch will be reached. The Post-Malthusian regime, at which

beginning the Industrial Revolution is set, can be separated in two parts. In

the first part the dampening effect of increases in the size of the population

on per capita income is still active. As has been shown in the former section,
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this is the case, when the subsistence consumption constraint is still bind-

ing. Therefore, during the time period when the threshold has been met but

the subsistence consumption constraint is still binding, both the quality and

quantity of children increase.

In the second part, which is at the end of the Post-Malthusian regime, the

subsistence consumption constraint isn’t binding anymore, so that increases

in parental income have no effect on the number of children. This is possi-

ble as in the first part of the Post-Malthusian regime the dampening effect

of increases in population on parental income has already diminished. The

virtuous circle between educational investment and the rate of technological

progress pushes technological progress even faster, as there is no time lag.

Equations 4 and 5 show that educational investment in period t leads to

technological advances in period t + 1, which positively influences the level

of education in the same period. Induced technological progress via the size

of the population has a time lag, as increases in the population size enhance

technological progress in the following period and not in the same period as

it’s the case with education. This enables income to grow faster as well as

to outpace the subsistence consumption constraint. Technological advances

do at this stage raise the level of education without positively influencing

the number of children, which leads to the demographic transition. Fur-

thermore, the virtuous circle between educational investment and the rate of

technological progress has intensified, as the Malthusian effect, which damp-

ened income per capita through a growing population has been eliminated.

Therefore, the economy can grow to its new equilibrium - (gh, eh) in figure 3

- in which technological progress outpaces population growth and the popu-

lation growth doesn’t affect technological progress so that effective resources

rise at a constant level.

With regard to the Industrial Revolution it can be concluded that the pos-

itive effect of an increasing population brings the economy to its point of

departure, where investment in human capital becomes efficient. The causes

of the Industrial Revolution, therefore, lie within the population-technology

link, whereas the process of industrialization and the transition to the mod-

ern growth regime are based on the link between education and technology.
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Although the population-technology link was still active during the industri-

alization process as its effects vanished not until the demographic transition,

the Industrial Revolution marks a qualitative change of the economy with a

rising importance of human capital accumulation.

As it’s the aim of this paper to get to know how good the theoretical model

fits with historical evidence, it’s essential to simulate the model first. Al-

though the mechanisms within the model have now been analyzed, without

a simulation it’s very difficult to appraise the various time paths of the key

variables. Lagerlöf (2006) has done this quantitative exercise and concludes

that it matches with the three-stage process proposed. However, he found

an oscillating behavior of the population time path, which hasn’t been dealt

with by Galor and Weil (2000).

Figure 4: Level of education, growth rate of population, per-adult income
and technology; Source: Lagerlöf (2006, p.130).

Figure 4 shows the time paths of the level of education, the growth rate of

population, the growth rate of per-adult income and the growth rate of tech-
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nology. The simulation shows that technological progress has grown quite

gradually before accelerating at the time when the level of education started

to grow strongly. Furthermore, the gradual time path of the growth rate of

technology goes along with an increasing growth rate of the population. The

growth rate of the population, as well as the other time paths, is displayed

as 5-period moving averages, in order to smooth oscillating behavior. In

spite of the oscillating behavior of the growth rate of population, the same

gradually rising character, like in the case of the growth rate of technology,

is observable. The time path of the population is consistent with the two

stages during the Post-Malthusian regime. During the Industrial Revolution

the population keeps rising very quickly, then in the second stage the growth

rate of population begins to decline and converges to zero. However, the

growth rate of technology keeps rising, as the level of education accelerates

even faster. Therefore, the simulation is consistent with the demographic

transition. The rather constant growth rate of population at its peak can be

explained by the moving average. Moreover, the model simulation shows the

stagnation of income per capita very well. Furthermore, income per capita

starts to rise very late, shortly before the growth rate of the population begins

to fall. Therefore, also the diminishing effect of the dampening Malthusian

effect during the Post-Malthusian regime is covered in the simulation. The

growth rate of income per capita starts to accelerate when the growth rate

of the population has already fallen. Also the opposite development of pop-

ulation and income per capita is observable. A rise in the growth rate of the

population leads to a reduction in the growth rate of per capita income and

vice versa.

All in all the model dynamics and the model simulation are consistent with

the proposed explanations regarding the Malthusian effects as well as the evo-

lution of technological progress. The more gradual character of technological

progress and the delayed gains in per capita income have been confirmed. In

a next step it will be analyzed if these paths are consistent with historical

evidence. The three mechanisms, which are most responsible for the charac-

teristics of the model dynamics, are the dampening Malthusian effect linking

income per capita to fertility, the positive effect of the population size on the
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technological progress as well as the late-coming positive effect of the level

of education on technological progress. As the emergence of the Industrial

Revolution is of interest here, the first two mechanisms do matter. However,

it will also be of interest, if the assumption, that increases in the level of

education have only be relevant in a later stage of development, is plausible.

Firstly, it will be analyzed if Britain was as Malthusian as the Galor-Weil

model would have assumed it to be. Secondly, the focus is laid on the pop-

ulation size as the sole driver of technological progress, which leads to the

more gradual development of the growth rate of technology.

7 Discussing the hypotheses

This section identifies the arguments Galor uses in order to underpin his

hypotheses.15 It’s of further interest, which arguments have been raised

against his point of view. Opinions regarding the existence of Malthusian

mechanism, as well as the effectiveness of the population size as the key

driver of technological progress during the Malthusian and Post-Malthusian

period will be stated.

7.1 The Malthusian mechanism

The Malthusian mechanism is essential within the Unified Growth Theory,

as it ensures that per capita income remains low in spite of technological

advances through increases in the population size. However, the Malthusian

15The hypotheses H1 and H2 of the Galor-Weil model are of special interest. The first
hypothesis assumes a nearly zero growth rate of income per capita in the initial phases of
the Malthusian epoch. ”In the later phases of the Malthusian epoch, the increasing rate of
technological progress, along with the inherent delay in the adjustment of population to the
rise in income per capita, generated positive but very small growth rates of output per capita
and population.”(Galor, 2005, p.253) The second hypothesis assumes the population size to
be increased sufficiently in order to generate a faster pace of technological progress. ”The
growth rates of output per capita increased significantly, but the positive Malthusian effect of
income per capita on population growth was still maintained, generating a sizable increase
in population growth, and offsetting some of the potential gains in income per capita.
Moreover, human capital accumulation did not play a significant role in the transition
to the Post-Malthusian Regime and thus in the early take-off in the first phase of the
Industrial Revolution.”(Galor, 2005, p.254)
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mechanism does also indirectly lead to technological improvement via its ef-

fect on the population size, although this effect is outpaced by the dampening

effect if the population size is rather small. Therefore, the almost constant

development of per capita income prior to the Industrial Revolution is a con-

sequence of the Malthusian elements within the model. Before considering

the historical evidence of the elements used within the model, the Malthusian

theory is explained in more detail.

7.1.1 Malthusian theory revisited

The Malthusian theory is based on a very influential book - ’An essay on

the principle of population’ - by Thomas Robert Malthus, which was pub-

lished in 1798. This book presents an answer to the question of what had

impeded progress of mankind towards happiness until the late eighteenth cen-

tury. ”The cause to which I [Malthus] allude, is the constant tendency in all

animated life to increase beyond the nourishment prepared for it.” (Malthus,

1996, p.2) Consequently population grows to a level which can’t be sustained

by production. Two checks, which are the preventive check and the positive

check, are operational to bring population down. On the one hand, the pre-

ventive check describes the behavior that fertility decisions are taken with

consideration to income. Contraception, abortion, delayed marriage or in-

fanticide would be examples for preventive checks. It indicates a positive

relationship between per capita income and fertility, as if income falls fertil-

ity will decline. On the other hand, the positive check describes a contraction

of the population due to increased mortality, may it be due to war, famine

or disease. ”The positive checks to population are extremely various, and in-

clude every cause, whether arising from vice or misery, which in any degree

contributes to shorten the natural duration of human life.”(Malthus, 1996,

p.15) The dynamics of the Malthusian mechanism work as follows: Due to

the fact that the number of people increases before the means of subsis-

tence can be increased, food per capita gets down. Therefore, laborers have

to work more, marriage is delayed and rearing children gets more difficult,

so that population growth is dampened. Malthus (1996, p.18) argues that
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the cheaper labor leads the cultivators to use more labor upon their land,

which increases soil output. Food per capita, therefore, increases and income

reaches its subsistence level again. Then the mechanism will start again!

This overshooting behavior of population increases could be avoided by two

checks. If people were forward looking and chaste population increases would

be avoided. Furthermore, positive checks like wars could also exogenously

avoid population from rising. However, Malthus believed that although the

preventive check could prevent the occurrence of periodic crisis these effects

are too weak.

The modern Malthusian theory has used Malthus’s approach and has made

it more consistent by clarifying the mechanisms leading to changes in fertility

and mortality due to changes in income and due to changes in patterns. Fur-

thermore, it incorporates the idea of diminishing returns to land and labor

while land is mostly fixed. At a given level of technology the use of more

labor would therefore reduce the wage, which is used as an approximation

for income, as labor productivity decreases. Fertility is a positive function

of income, representing the preventive check. The positive check is inter-

preted as a negative relationship between mortality and income. If income

falls the mortality rate rises, as for example diseases become a more frequent

problem. The described Malthusian model is displayed in figure 5, where

b(w) indicates the positive relationship between fertility and income, d(w)

indicates the negative relationship between mortality and income and MPL

indicates the negative relationship between the marginal product of labor

and the size of the population. The intersection of the fertility curve and the

mortality curve is the Malthusian equilibrium of the subsistence wage rate

at which the wage as well as population is constant. Deviations from that

equilibrium would lead to wage induced changes in fertility and mortality,

which bring the wage back to its equilibrium level. However, the economy

can also structurally change, for example, due to an exogenous improvement

in technology, which is indicated by a shift of the marginal product of labor

curve to the right. Structural changes like changes in technology or changes

in the patterns of fertility and mortality shift the curves, while changes in

population or income, which don’t occur due to structural changes, are move-
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ments along the curves. For instance, what would happen if a technologi-

cal improvement has been invented which increases the overall technology?

Population wouldn’t change immediately, but the wage would increase due

to the rise in productivity. At the same population size a higher wage could

be earned (w′). However, this wage would lead to a rising population, as

fertility would increase (b′) and mortality would decrease (d′). The popula-

tion would increase to the size (L ∗ ∗), at which the equilibrium wage rate

would be reached again. Therefore, the model dynamics ensure an adjust-

ment to an equilibrium subsistence wage rate at which the population size

is stabilized at a constant technology level. In the absence of changes within

the fertility habits and the mortality rate, so that d(w) and b(w) don’t shift,

technological progress leads to a denser population, but to no improvements

in the per capita income.

Figure 5: The Malthusian mechanism; Source: Mokyr and Voth (2010, p.14).

There are two variants of the model, especially about what is called Malthu-

sian. The stronger variant interprets a society to be Malthusian, if stagnant

real wages occur. Fluctuations in wages and per capita income are part of

the adjustment process to their subsistence levels. Changes of long term

trends of these fluctuating series would then be interpreted as changes in the

equilibrium wage or equilibrium per capita income. Therefore, the real wage
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is assumed to be observable as a constant rate in the absence of changes in

the patterns of fertility and mortality. For the weaker model variant only

the adjustment mechanism has to be effective within a society to be called

Malthusian. The outcome doesn’t matter, as adjustments may take a long

time, equilibrium levels change quite often and the adjustment mechanism

may be not strong enough, so that stagnant subsistence wages may not be

observable at all. Once the wage deviated from its subsistence equilibrium

level, it may only return to it in the limit. So if the responses of the positive

and preventive check are sufficiently large and no other structural changes

occur, the economy would be in its equilibrium after indefinitely many time

periods. However, if that’s not the case the real wage won’t return to its

subsistence level at all.(Mokyr and Voth, 2010, p.15)

The interpretation of the Malthusian mechanism within the Unified Growth

Theory, which assumes income per capita to be constant during most of

the Malthusian epoch, comes closest to the strong variant of the Malthusian

model outlined above. Malthusian mechanisms generated a complete popu-

lation adjustment to gains in the level of technology, especially in the early

phase of the Malthusian epoch, so that in the long run technological improve-

ments led to no changes in income per capita. However, population density

did increase, resulting in higher population densities in countries of superior

technology. Although, this interpretation is close to the strong variant of the

Malthusian model, the Unified Growth Theory deviates from this variant

as the economy develops. Even within the so-called Malthusian epoch the

population adjustment becomes incomplete, so that small improvements in

income per capita become possible. This can also be seen in the simulation

presented in figure 4. Population has grown to a size, which influences tech-

nological progress so rapidly and intense, that population adjustment can’t

balance the gains in income per capita. Therefore, the Malthusian element

within the Unified Growth Theory isn’t as Malthusian as the strong version

of the modern Malthusian model would predict. The mechanism looses im-

portance during the process of development even in the Malthusian epoch.

Furthermore, the Unified Growth Theory does only incorporate fertility de-

cisions, so that only the positive effect of income on the fertility counts. The
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second Malthusian mechanism, namely the positive check which connects in-

come, or real wages, to mortality isn’t considered. Adapting figure 5 for the

Unified Growth Theory would imply a vertical line of the death rate d(w),

so that mortality is independent on the wage level. Consequently population

adjustments due to technological improvements do take more time until the

equilibrium wage has been reached again, as the population increases at a

slower pace.

After this clarification of the Malthusian mechanism within the Unified Growth

Theory and its classification in Malthusian theory the historical evidence has

to be considered. This should be done by answering three questions, which

also demonstrate the Malthusian mechanism of the Unified Growth Theory.

The country observed is England, the time period considered are the cen-

turies prior to the Industrial Revolution, which is dated between 1750 and

1780, depending on the data available. However, these problems will be

considered in the next section anyway.

1. Did technological progress positively influence income per capita in the

short-run?

2. If yes, did this increase in income per capita lead to an increase in the

growth rate of the population by an increase in fertility?

3. If yes, did the increase in the population size negatively affect income

per capita?

If all these questions can be answered with yes, then the Malthusian mecha-

nism used in the Unified Growth Theory does operate and is suitable mod-

eled. However, if the historical evidence doesn’t support the Unified Growth

Theory, two cases have to be distinguished. Firstly, do only some mecha-

nisms not work properly, but the model outcome being still consistent, or

secondly, isn’t even the model outcome supported by the historical data. To

clarify this will be the aim of the next section.
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7.1.2 Historical evidence

The Malthusian mechanism ensures nearly zero growth rates of income per

capita as well as a positive relationship between population density and

technological progress in the Malthusian epoch within the Unified Growth

Theory. In historical science the existence of a Malthusian economy is not

that clear, as economists might want it to be. Although the time period

around the Black Death is consistent with the Malthusian model, after that

the mechanism seems to vanish.(Broadberry, 2007, p.15) De Moor and van

Zanden (2010) conclude that the preventive check was limited temporally.

Furthermore, Goldstone (1986) states that the population growth of the

mid-eighteenth century, due to a sharp fall in the average age of women

at first marriage, was due to the growth in manufacturing employment and

not due to rising wages. Campbell (2010) has emphasized the role of exoge-

nous shocks for the demography and dampens the role of the real wage. This

gives a first impression of the complexity and multiplicity of opinions in this

topic, which is now analyzed in more detail.

The approach chosen here is to study the real wage series by Clark (2005a),

which is displayed in figure 6 and 7, and to try if it’s possible to explain

the movements in the real wages by the Malthusian mechanism used in the

Galor-Weil model. In order to do so a shortcut from income per capita to

real wages is needed, as it’s the aim of the Unified Growth Theory to explain

the development of income per capita.16 However, that could cause prob-

lems. Real wage developments can deviate from income per capita, or real

GDP per capita, due to several reasons. Changes in the income distribution,

changes in the labor supply and relative price changes are probably the most

important ones. Angeles (2008) has shown that an increase in the labor sup-

ply has led to a deviation of real wages from real GDP per capita in the

second half of the 18th century. While real wages had declined during that

period, real GDP per capita first remained constant and started to increase

later on. That labor input had increased during that period has already

16This shortcut has also been made within the Unified Growth Theory itself not only
within the model but also in historical comparisons.
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been emphasized by Voth (2001), who has estimated substantial increases in

the participation rate as well as in the hours worked. Clark (2005a) doesn’t

take this into account, although his real wage estimates are hourly data, as

he states:”I assume a standard 10-hour day for all day wage quotes for the

years before 1869, without making any adjustment for potentially longer days

before 1810. Hourly wages after 1869 were converted into a wage for a no-

tional 10-hour day.” (Clark, 2005a, p.1321) Therefore, although Clark’s wage

series is stated to be a hourly series, it shouldn’t be treated as being adjusted

due to hours worked for the period which is of interest here. Nevertheless

for the Malthusian mechanism to work real wages are more important than

real GDP per capita estimates, as they are a better representation for the

individuals’ wealth. For example, if GDP per capita rises due to longer work-

ing days at a constant daily real wage, then this won’t positively influence

fertility decisions. In the model of the Unified Growth Theory, it would neg-

atively influence the number of children, as the parents have to participate

more time in the labor market in order to earn the same income. That’s also

the reason why a hourly adjusted wage series would be useful. However, it’s

assumed that real wage movements don’t change in its curvature, but that

Clark’s real wages may constantly overestimate actual hourly real wages.

Figure 6: Real wage development in England: 1240-2004; Data: Clark
(2005a).
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Figure 7: Real wage development in England: 1240-1799; Data: Clark
(2005a).

The real wage series displayed in figure 6 and 7 show Clark’s real wage es-

timates for two different time periods. Figure 6 covers the time range from

1240 until 2004. It shows a development of constant real wages until 1820,

when they start to increase substantially. If the time period is shortened to

1799, so that the high scale doesn’t hide fluctuations during the pre-industrial

period, a constant long term average can still be observed in figure 7. The

figure also shows that real wages for craftsmen and helpers don’t differ a

lot and follow the same dynamics. Although the real wages follow no trend

within this time period, the fluctuations do matter a lot. Real wages do

deviate from their long term average for a long time that can last for two

centuries, as the overshooting from the mid 14th century to the mid 16th

century shows. In order to test for the evidence of the Malthusian element

within the Unified Growth Theory it’s important to know why these fluctu-

ations did occur. Therefore, figure 8 adds population data, which are taken

from Clark (2005b) and Wrigley et al. (1997), to the real wage series. This

figure shows a divergent development of real wages and population until 1600,

when real wages and population started to grow simultaneously, especially

after 1630. This would in principle support the Malthusian mechanism to be

effective prior to 1600.
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Figure 8: Comparing real wage and population development in England;
Data: Real wages: Clark (2005a); Population: Clark (2005b, p.54) for the
period 1250-1540, Wrigley et al. (1997, p.614) for the period 1541-1799.

However, the mechanism is not that clear. The first increase in real wages

had been led by a fall in total population, which declined due to a rise in the

mortality rate triggered by the Black Death. The negative relationship be-

tween real wages and population holds for whole Europe.(Broadberry, 2007,

p.15) Although it supports the modern Malthusian mechanism, this devel-

opment can’t be explained endogenously by the Unified Growth Theory as

changes in the mortality rate aren’t considered. Furthermore, Broadberry

(2007, p.18) highlights, that the recovery of population levels has been very

slow in comparison to other regions like Flanders and Holland. The slow

recovery in England is supported by the constant population development

during the 15th century as shown in figure 8. This is interesting as the

high real wage level should have triggered a rise in the number of children

according to the Unified Growth Theory. However, population started to

increase 100 years after the real wage had reached its peak in the 1440s. The

timing seems not to support the interpretation of Malthusian forces, as fur-
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thermore the population increase is lagged with respect to the decreases in

real wages. The Malthusian model would predict that population increases

bring real wages back to the equilibrium level so that population should re-

act first. However, figure 8 shows that real wages started to decrease before

population increased. Nevertheless, population increases could be explained

by the income effect on fertility as real wages stayed above the long term

average at least until the mid 16th century. It’s then also plausible that

the population increases contributed to the decreases in the real wages dur-

ing that period. Fertility decisions are seen to have been the main driver

for this increase in the population size.(Wrigley et al., 1997, p.228-231) In

theory population increases as a consequence of fertility decisions could be

caused by technological progress, which would induce a rise in income, or by

a shift in the fertility pattern, so that fertility increases for each wage level.

Alternatively, a population increase could also be a consequence of an off-

equilibrium situation, so that it’s part of the adjustment process. Population

increases seem not to be triggered by technological progress until 1600 when

real wages have been at a declining path. For the 17th century technological

progress could be a possible explanation which is supported by Clark (2007,

p.103). An explanation for the rise of the population with a simultaneous

occurrence of declining wages is the loosening importance of the European

Marriage Pattern. De Moor and van Zanden (2010, p.27-28) argue that the

European Marriage Pattern has loosened power in the 16th century as real

wages, especially for women, dropped so that it was less valuable for them

to stay in the labor market. The authors link fertility restrictions to the

high real wages after the Black Death, as it has been beneficial in this en-

vironment to delay motherhood. A wage adjustment back to equilibrium

would therefore positively influence population, as motherhood wouldn’t be

delayed anymore. However, it’s also harder to form a new household and

marry due to this reduced wealth. There can be positive and negative effects

of real wages on fertility at the same time. The component, which isn’t con-

sidered within the Malthusian model, is the relationship between the labor

supply and real wages. As real wages increase labor supply increases as it

becomes beneficial for more people to sell their labor. Interesting in this re-

45



spect is the average age at first marriage, which positively influences fertility.

Wrigley et al. (1997, p.134) show that the age at first marriage stayed con-

stant during the 17th century and decreased during the 18th century. This

can therefore explain the exploding population during the 18th century, but

lacks in explaining the population increase during the first half of the 17th

century. Furthermore, these population increases happened at a constant

low real wage level, so that there was no dampening effect of population on

real wages. This is also supported by the fact that real wages started to

increase in the 1630s. Therefore, already the 17th century may have faced

substantial productivity increases, which enabled the population to increase

by 28% (+1.15 million people) during the period from 1601 to 1651.(Wrigley

et al., 1997)

Figure 9: Scatterplot of the logarithms of real wages and the population
(millions) from 1541 to 1870 in England; Source: Crafts and Mills (2009,
p.31); Data: Real wages: Clark (2005a); Population: Wrigley et al. (1997).

Even more remarkable are the 100 years that follow, as real wages increased

substantially during a phase of a constant population. People therefore

gained in wealth between the mid of the 17th century and the mid of the
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18th century. These development can more easily be seen in the scatterplot

of figure 9, than in the time series perspective of figure 8. The change in the

relationship between real wages and population during this time period is ap-

parent. What should have got clear up to now is that a relationship between

real wages and population did exist, but causality is difficult to identify. The

Malthusian mechanism has for sure played a role, but it hasn’t been the sole

mechanism in effect. The fertility based Malthusian model used has severe

problems in timing, as on the one hand real wages started to decrease from

its Black Death peak before population started to grow and on the other

hand population stayed constant for 100 years during which real wages were

increasing. In order to get deeper insights into the Malthusian mechanism

we look on empirical studies, which try to clarify causalities as well as cor-

relations, in a way which is more sophisticated than just data interpretation

based on graphs.

In testing the Malthusian mechanism between the population dynamics and

the real wage development endogeneity of the explanatory variables is a se-

rious problem. The ways how to deal with this problem are the vector au-

toregressive (VAR) method approach and the instrumental variable (IV) ap-

proach. However, an IV approach hasn’t been done sufficiently up to now.17

The studies, which are of interest here are the VAR approach by Crafts and

Mills (2009), which is based on Nicolini (2007) as well as Lee and Anderson

(2002), but uses the new real wage series from Clark (2005a), and the paper

by Kelly and Gráda (2010), who study the positive check in more detail.

The first approach, which uses VAR models in order to test for the Malthu-

sian mechanism, finds more support for preventive checks than for positive

checks. Crafts and Mills (2009) conclude that for the period from 1541 to

1800 no positive check is observable at all and preventive checks cannot be

found after the mid 17th century. Furthermore, the half-life of a shock during

17Morgan Kelly, who teaches at the University College Dublin, has tried to use the IV
approach in the Malthusian perspective. However, climate as an instrument for the real
wage variation hasn’t been strong enough. He has therefore analyzed the preventive and
positive checks using unsmoothed raw panel data. Mokyr and Voth (2010, p.17) refer
to the IV approach as being more promising, but at this stage Kelly’s work was still in
progress and they couldn’t know that his IV approach didn’t lead to results being strong
enough.
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the period from 1646 to 1799 is estimated to be 431 years. In the preceding

period from 1540 to 1645 the half-time of a shock is only 19 years. In chang-

ing the sample period the positive response of fertility to real wages (
∑

µ),

becomes insignificant. However, the general response of real wages to changes

in the population, which is the elasticity measure β, remains significant. Nev-

ertheless, it decreased in size from 2.211 in the first period (1540-1645) to

0.679 in the second sample period (1646-1799).18 The significance vanishes

in the last sample period, which lasts from 1800 to 1870.(Crafts and Mills,

2009, Table 7-(b); p. 26) Therefore, it can be concluded from this approach,

that Malthusian mechanism started to vanish as early as in the mid 17th

century. Furthermore it shows that actual population was below its poten-

tial level from 1665 onwards and has started to close the gap, indicated by

an acceleration of population increases, not earlier than since 1750.

In contrast to the VAR models analyzed above, Kelly and Gráda (2010) and

Kelly and Gráda (2011) use raw data from parishes, instead of the aggregates

presented by Wrigley et al. (1997). Kelly and Gráda (2010) argue that the

positive check was significant, especially prior to the Black death period, but

had also been effective until the late 16th century and disappeared until the

late 17th century. Furthermore, it returned temporarily but strongly during

the 18th century. The positive check vanished during the late 16th and late

17th century, as the bad impact of harvests was softened by the provision

of charity. This has weakened the relationship of decreasing real wages, due

to bad harvests, and increases in the mortality rate. Another explanation

for the changing pattern would be climate change, in particular the Little

Ice Age. However, Kelly and Gráda (2012) have shown that the Little Ice

Age is a statistical artifact of smoothing data. With respect to the preven-

tive check, Kelly and Gráda (2011) have found a stronger evidence for the

preventive check through analyzing the raw data. Real wage increases had a

strong impact on marriages up to 1800, and positively influenced the birth

rates until the early 18th century.

18The positive numbers for the β values don’t indicate a positive response of real wages
to population, as β negatively influences real wages in the basic equation xt = αt−βpt+st.
(Crafts and Mills, 2009, p.8 - Equation 4)
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All in all, it can be concluded that Malthusian forces did play a role in

pre-industrial England, nevertheless have lost in importance earlier than ex-

pected. Although, fertility responses to real wage developments seem to have

been more dominant than mortality responses, which supports the modeling

of the Unified Growth Theory to focus on fertility, the relationships gets in-

significant already before the Industrial Revolution. Furthermore, the coex-

istence of dampening population responses on real wages and positive effects

from productivity gains during the Industrial Revolution haven’t been con-

firmed in a VAR setting, as the negative response of real wages to population

increases have lost significance in the period from 1800 to 1870. However, the

assumption of a weakening of Malthusian forces in the late Malthusian epoch

from 1500 to the Industrial Revolution can be confirmed. Especially, in earlier

times also other factors, for example the interlinkage of climate and harvests,

like it has been emphasized by Campbell (2010), may play a role to explain

developments in population and real wages. However, an improvement in

modeling pre-industrial real wage and population dynamics may most likely

be achieved by incorporating labor supply effects, especially in the period be-

tween the Black Death and the Industrial Revolution. The Unified Growth

Theory may be able to model population and real wages developments as

an approximation for income per capita quite well in a long-run perspective,

nevertheless it lacks in modeling the causalities. Linking population develop-

ments solely to fertility decisions which are based on technological progress

via its short run effect on income per capita can’t sufficiently explain Eng-

land’s pre-industrial population history. Not only that the long period of a

constant population after the Black Death period cannot be explained and

that real wages reacted far before the population size started its recovery,

also the developments of real wages and the population size during the 100

years prior to the Industrial Revolution can hardly be explained through the

Malthusian mechanism within the Unified Growth Theory. As the VAR stud-

ies indicate other mechanisms apart from the Malthusian one are needed to

explain England’s real wage and population developments from the mid 17th

century onwards. Therefore, the Unified Growth Theory runs into a serious

problem with respect to time for the emergence of the Industrial Revolution.
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7.2 Population as the driving force of technological

progress

That population size positively affects the rate of technological progress is

considered only indirectly within the main model assumptions in Galor (2011,

p.166-170). Hypotheses H1 and H2 describe the various degrees of technology

induced population adjustment during the process of economic development.

H1 (i) assumes a nearly full population adjustment to increased output per

capita due to technological progress during the initial phase of the Malthu-

sian epoch. H1 (ii) assumes an incomplete population adjustment, which

allows for very slow growth rates of output per capita during the later phase

of the Malthusian epoch. H2 assumes that the reinforcing interlinkages be-

tween population and technology have triggered a faster pace of technologi-

cal progress, which generated the transition to the Post-Malthusian regime.

Within these three assumptions about the completeness or incompleteness

of the population adjustment it is also assumed that technological progress,

which leads to at least temporary growth of output per capita, is induced

by the size (H1-i&ii) and density (H1-ii) of the population. Although the

Galor-Weil model is micro-based, due to the incorporation of the individ-

ual’s consumption decision, Galor (2011, p.183) identifies two theoretical

black boxes:

1. The effect of population size and level of human capital on the rate of

technological progress.

2. The effect of the rate of technological progress on human capital for-

mation.19

19Galor (2011, p.168; H 3) assumes, that increases in the rate of technological progress
increase the industrial demand for skilled labor so that investment in education happens
and the stock of human capital increases. One problem he faces is that the return to
human capital didn’t rise during the Industrial Revolution. However, he argues that the
broad based reforms of the educational system, which have been promoted by the industry,
had increased the supply of skilled labor so substantially that supply met demand without
any increases in the return for education. However, this black box of the UGT isn’t dealt
with in more detail.
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The mechanism how the size of the population leads to technological progress

is outlined very unsatisfactory within the Galor-Weil model. Galor and Weil

(2000, p.807) refer to Kremer (1993) in order to conclude, that ”changes in

the size of population can be taken as a direct measure of technological im-

provement.” Without any further reference they set technological progress as

a positive function of the level of education and the size of the population.

Assuming that ”for a given level of education, higher population generates a

larger supply, larger demand, and more rapid diffusion of new ideas.”(Galor

and Weil, 2000, p.810) In Galor (2011, p.147) the list of reasons, why pop-

ulation size shall promote technological progress is expanded by ”the degree

of specialization in the production process and thus the extent of ”learning

by doing”, and the scope for trade and thus the extent of technological imita-

tion and adoption.” However, these mechanisms haven’t been incorporated

within the model, as the growth rate of technological progress in period t+1

is a strictly concave function of the level of education and the size of the

population in period t. Furthermore, the level of education in period t+1 is

a function of the rate of technological progress in that period, by incorporat-

ing indirectly the effect of parental income, as income rises with the rate of

technological progress.

gt+1 = g(et; Lt) (7)

et+1 = e(gt+1) (8)

Although Boserup (1965) is used as an additional reference to support the

positive relationship between population size and technological progress in

Galor (2005) and Galor (2011), no additional mechanism based on Boseru-

pian theory are outlined in the text or added to the model. The black box

hasn’t been filled! Furthermore, adding Boserup (1965) as a reference in the

later publications is interesting, as Kremer (1993, p.682-683) has refused to

use the arguments of Boserup for his model. Alternatively Kremer refers to

the mechanisms outlined in Kuznets (1960) and Simon (1977), which aren’t

mentioned at all in any publication of the Galor-Weil model. It seems that

Galor is satisfied by Kremer’s conclusion that the growth rate of population
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has historically been proportional to its level and that the stylized model

linking the size of the population to technological progress can explain this

phenomenon. This model assumes that population is limited by technol-

ogy, due to Malthusian mechanisms, from which it follows that the growth

rate of the population must be proportional to the growth rate of technol-

ogy. However, since the growth rate of technology is proportional to the

level of population, as assumed in reference to the theories of Kuznets and

Simon, the growth rate of population has to be proportional to the level

of the population. Which mechanism links the growth rate of technological

progress to the size of the population doesn’t matter for the model, as long

as it doesn’t contradict with other model assumptions. However, the prob-

lem with this methodological procedure is that only a relationship is tested,

which allows no statement about causality. The causality is only assumed,

because the model fits the data well. It could be possible that any other

theory can explain why the growth rate of the population is proportional to

its level, without even using technological progress as an input. Hence, it’s

important to fill the black box and incorporate more detailed mechanisms

of induced technological progress. That’s why Hansen and Prescott (2002)

take technological progress as an exogenous factor. The choice for exoge-

nous technological progress instead of endogenous technological progress is

argued with the lack of a theory of ”knowledge accumulation with the same

level of acceptance that is accorded to the standard theory of capital accumu-

lation.”(Hansen and Prescott, 2002, p.1215) The next step is to learn more

about the population-technology link and its explanatory power for the In-

dustrial Revolution by looking at population theories and check if they are

compatible with the Galor-Weil model, as well as with historical evidence.

7.2.1 Explaining the population-technology link

”The most important economic effect of population size and growth is the

contribution of additional people to our stock of useful knowledge. And this

contribution is great enough in the long run to overcome all the costs of

population growth.”(Simon, 1996, p.367)
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Julian Simon has analyzed the population-technology link in many publica-

tions, of which most focus on the modern growth regime, like it’s the case

in ’The Economics of Population Growth’ (1977) and ’The ultimate resource

2’ (1996). Apart from that he has also considered historical evidence by

his book: ’The Great Breakthrough and Its Cause’ (2000). As the quote

above shows, Simon supports the positive effect of the population size and

growth on the stock of useful knowledge, which further positively influences

output per capita. Simon (2000) argues that population size is the sole

variable which was both necessary and sufficient for economic development.

Although there are plenty conditions for progress, population size is the only

factor, which ”would eventually bring about the other necessary conditions

for progress.”20(Simon, 2000, p.180) The correlation between the amount

of knowledge production and population size/density as well as the leading

character of population increases shall support the importance of the pop-

ulation factor for economic progress. In order to explain, why the amount

of knowledge produced and the population size/density are correlated and

interacts with each other, he emphasizes two channels.21 The population size

influences the stock of useful knowledge via a supply mechanism as well as a

demand mechanism.

1. Supply mechanism:

A larger population implies more people having new ideas, which in-

creases the amount of knowledge being created. This doesn’t have to

be solely related to education, as technological advance being achieved

by scientists is only one part of technological progress. Also low ed-

ucated people contribute to the stock of useful knowledge, as many

20One example for such another necessary condition would be the institutional frame-
work. Simon argues that institutional and social structures are a function of the population
size as well as the economic levels of past societies. Therefore, institutions can’t explain
the timing of the Industrial Revolution and economic progress in general. The only vari-
able which could have been able to influence the timing of the Industrial Revolution is
the population size. Even technological inventions, as another example, would have only
made a difference in the timing of economic development, if these had reduced mortality
so that larger population increases would have been possible.

21The functioning of these channels are outlined in his earlier works - Simon (1977) and
Simon (1996).
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ideas arise on the job. The argument, that a larger population im-

plies more potential inventors, who increase the stock of knowledge

is advocated by Simon (1996, p.378-379) and Kuznets (1960, p.328).

Kuznets especially emphasizes the interdependence of knowledge, the

importance of the intellectual atmosphere and the increasing returns

per head when the absolute number of knowledge rises. The produc-

tion of useful knowledge is, therefore, not only driven by the higher

number of potential inventors, but also by the positive effects of new

knowledge on the production of more new knowledge. On the one hand

knowledge creation could lead to the production of new knowledge in

different fields of research and on the other hand a higher population

enables a broader specialization within sciences. Therefore, population

growth does not only increase the total amount of knowledge creators,

but via the increasing returns of new knowledge it does also contribute

to greater growth of output per capita.22(Kuznets, 1960, p.329)

2. Demand mechanism:

The demand mechanism functions via the incentive of higher prices. A

larger population causes demand for the consumption of resources to

increase. At a constant supply in the short run, the higher demand for

goods will increase the prices. This gives incentives for businessmen

and inventors to search for new solutions of production, which enable

a rise in output. Furthermore, Simon (1996, p.383) states that if new

solutions are found then prices will ”end up lower than before the in-

creased scarcity occurred.”23 The technological progress will therefore

bring prices down in the long run, so that real income effects can be

22Kuznets’ contribution to the population literature has to be understood as an attempt
to complete the picture. Population increase has been interpreted as a dampening factor
on growth through its pressure on existing resources. Therefore, Kuznets wanted to show
that population can also positively contribute to growth of output per capita, but he
doesn’t comment on which effect exceeds. However, too much or too little population
growth can cause its positive contribution to output per capita being outweighed by its
costs. What he wanted to show is that there are also positive effects beside the negative
effects.(Kuznets, 1960, p.339)

23The probability of finding new solutions is positively influenced by the freedom of a
society.
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achieved. However, in addition to this approach, which focuses on the

invention of new technologies, as a result of higher prices, another ap-

proach focusing on the adaption of existing technologies exist. Boserup

(1965) emphasizes more the adoption as well as the transmission of ex-

isting technologies, which hasn’t been profitable before. Higher prices,

therefore, also enable to invest in new technologies, which aren’t effi-

cient in the short-run, but which pay-off in the medium-run.

Moreover, a rise in the population size also broadens the market, such that

gains in productivity can be achieved through economies of scale. A bigger

market makes larger production units likely to be more efficient than smaller

ones. Along with bigger manufacturing plants the degree of specialization

may increase, which supports the learning-by-doing process as well as inno-

vations on-the-job.(Simon, 1977, p.35) The positive relationship between the

degree of specialization in production, or division of labor, and technological

progress has already been emphasized by Adam Smith, who characterized

the capacity to innovate as one of three ways, how the division of labor can

positively influence labor productivity.24 Therefore, the population size can

promote innovations and so also increase the stock of useful knowledge via

economies of scale and specialization. However, specialization may also oc-

cur without an increase in the size of the manufacturing plant, like it has

happened within the ’putting-out’ system.25 Nevertheless, specialization is

associated to population factors, as a broadening of the market, which is

essential for the degree of specialization, is related to a higher population

density as long as transportation costs stay constant.26 The importance of

24The other two ways are the time component and improved skills. The worker doesn’t
have to switch among different activities and increases his/her dexterity.(Campbell and
Skinner, 1981, p.17-20)

25In the ’putting-out’ system the manufacturing process had been separated into several
steps, but wasn’t located at one place. Furthermore, raw materials as well as tools were
mostly supplied by the merchant, who also sold the final product on the market. This
enabled some limited degree of specialization as the production process was separated into
several units.(Mokyr, 2001)

26On the one hand, if transportation costs decrease, the degree of specialization may be
less connected to the location, as products can be transported more easily. On the other
hand, it becomes possible to nourish a greater population density, as more food can be
transported to urban centers.
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population density is considered separately below.

The positive effect of the population size on technological progress has up to

now mainly been based on the invention of new technology. On the one hand,

the direct link - more minds produce more ideas - and, on the other hand, the

indirect link via the incentives of higher prices has been presented as positive

effects. Furthermore, the effect of a bigger market on technological progress

through the higher degree of specialization has been outlined. Boserup (1965)

adds the component of adopting technology, due to population pressure, re-

gardless of whether these ideas are new or old. It also incorporates technol-

ogy, which has already been invented, but hasn’t been adapted as not being

profitable. Boserup (1965, p.117) has analyzed ”whether the increase in pop-

ulation is the effect or the cause of the agrarian changes.” She concludes, that

population growth led to agrarian changes, especially to the decrease in fallow

periods. Changing to a system of shorter fallow had usually decreased output

per man-hour so that an intensification of agricultural production could only

be achieved as a consequence of population pressure. The process of agricul-

tural change is therefore explained through gradually increasing population

densities. The intensification of agricultural production has no labor-saving

effect, but it increases the level of absolute output such that a larger popu-

lation can be nourished. Labor productivity diminishes in the short-run, as

production gets more labor-intensive and working hours get longer. However,

labor productivity can be increased in the long-run, as gradual population

increases lead to more sophisticated technology and social organization. The

Boserupian link of population growth and technological progress has been

named the ’Population-Push’ hypothesis, as technologies won’t be adopted

until population has grown to that point at which the new way of producing

becomes more efficient than the old one. The mechanism how population

pushes the adoption of new technologies works via a higher demand for food

products due to an increase in the population size. This increases the prices

of the products such that new technologies become profitable, as the de-

creased labor productivity is compensated by a larger output produced. In

contrast to that, the ’Invention-Pull’ hypothesis assumes inventions being

purely labor-saving, which cause temporary increases in the rate of popula-
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tion growth. This interpretation, which combines the ’Population-Push’ and

the ’Invention-Pull’ hypothesis, has been introduced by Simon (1977) and

Lee (1986). In both interpretations the increase in the stock of knowledge

by new inventions is an exogenous event, which increases population until it

has reached its new equilibrium level. Thanks to this combination the role

of inventions within economic history can be analyzed more sophisticated.

• Inventions, which are labor-saving, are adapted immediately, as they

increase output at the same amount of land, but with less labor input.

• Inventions, which aren’t labor-saving, are able to produce higher levels

of output, but need more labor input, although with relatively less

labor per unit of output.

Although this distinction doesn’t give new insights regarding the invention of

new technology, it’s very useful. Nevertheless, the invention of new technolo-

gies is important especially with respect to the occurrence of the Industrial

Revolution. Ester Boserup’s work helps to deal with that. Similar to her

earlier book ’The conditions of agricultural growth’ (1965) she does also use

demand factors to explain technological changes through demographic factors

within her later publication: ’Population and Technology’ (1981). This re-

search goes even further, as she also analyses the invention of technology and

not only its transmission. Boserup concludes that demographic factors are

more important for the transmission of technology. However, accepting the

positive link between the motivation for innovation and the amount of inven-

tion (demand-induced inventions) the population size plays a role through its

pressure on scarce resources.27 ”Shrinking supplies of land and other natural

27This link between the motivation for innovation and the amount of inventions can
most probably be accepted due to the fact that even in the pre-industrial period, when
inventions haven’t been based on organized scientific research, the occurrence of inventions
were linked to the urgency of the problem, which the invention was intended to solve.
The inventing process wasn’t based on theoretical knowledge, as it was a trial and error
process. The more urgent a problem is, the longer the trial period will be, and the higher
the probability is to solve the problem via inventing. Therefore, a positive relationship
between the motivation for innovation and the amount of inventions can be accepted in
most cases. However, it has to be kept in mind, that there have also been problems, which
couldn’t be solved even if they were urgent, as the theoretical foundation was missing.
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resources would provide motivation to invent better means of utilizing scarce

resources or to discover substitutes for them.”(Boserup, 1981, p.5) There-

fore, population growth, especially an increase in the population density as

it’s outlined below, shifts factor proportions, which results in technological

advancement. A growing demand for scarce resources increases the incentive

to substitute natural resources by capital or labor. An increase in the pop-

ulation size of one region, for example by migration, therefore, increases the

probability of technological advancement originated within that region. The

region, from which people emigrated, has a reduced probability to experi-

ence technological progress. This demand-induced technological progress is,

therefore, strongly related to population density and only indirectly related

to population sizes. That’s why the next paragraph deals especially with this

link between population density and technological progress.

Population density

The effects of population factors on technological progress aren’t only based

on the population size, as they are also related to the density of the pop-

ulation. Although at constant land supply an increase in the population

size already implies an increase in the overall population density, it’s worth

dealing with population density separately, as the mechanism how it affects

technological progress may differ. Moreover, population density can also in-

crease in the absence of population increases. Especially, the importance of

urban centers for the creation of knowledge may be important. Therefore,

some mechanisms are presented, how population density can positively in-

fluence economic growth via the channel of useful knowledge creation.

More densely populated regions may afford a higher degree of specializa-

tion and variety of products or ideas. As has been outlined by Kuznets

(1960, p.329), a dense intellectual atmosphere, which is mostly concentrated

in densely populated areas, namely cities, contributes to a greater growth of

output per capita via population increases. He, furthermore, emphasizes the

importance of labor mobility in combination with population density. Ur-

ban centers have higher economic growth opportunities, so that labor would

have to move to these centers, if the full potential should be utilized. ”The
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realization of economic growth potentials is contingent upon a vast internal

migration - movement of people from country to the cities, and within the

cities from places of lesser to those of greater economic promise.”(Kuznets,

1960, p.327)

The importance of cities, and therefore also the importance of population

densities, is more prominent in theories for modern growth via the link of

human capital generation. Becker et al. (1999), for example, argue that

the assumption of diminishing marginal returns to labor supply may be not

acceptable for modern urban economies with small agricultural and natural-

resource sectors. That’s because a higher population density leads to more

specialization and investment in human capital rises. ”These ’increasing

returns’ from specialization and accumulation of knowledge would raise per

capita incomes as population grew and are likely to be far more important

than diminishing returns in resource-constrained sectors.”(Becker et al., 1999,

p.146) Therefore, the more urbanized a country is and the less it depends on

resource sectors, the higher the probability of technological progress through

specialization.28 The importance of urban centers is, furthermore, supported

by Glaeser (1999), who emphasizes the role of learning opportunities for ev-

eryday people. ”Dense urban agglomerations provide a faster rate of contact

between individuals and each new contact provides an opportunity for learn-

ing.”(Glaeser, 1999, p.255) The easier communication in cities, may therefore

generate, for example, the transmission of technologies and the catching up

to the technological frontier of competitors. The informational role of the

city may be of greater importance in the past, when communication was far

more related to locations than it’s the case nowadays.

Boserup (1990) has a stronger focus on historical developments, but she

also emphasizes the two components presented by Becker et al. (1999) and

Glaeser (1999). On the one hand, urban centers were more likely to cre-

ate new knowledge through their higher degree of specialization and, on the

other hand, the more favorable conditions for communication made inven-

28The rate of urbanization already depends on the resource constraint, as the size of
a city is, among others, determined by the amount of food products it can receive from
non-urban regions.
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tions more likely. However, Boserup (1981) adds the component of infras-

tructure investment, which are higher in more densely populated areas. The

more densely an area is populated, the smaller is the burden of an indi-

vidual’s collective investment. Especially the development of manufacturing

industries benefited from these investments, which were induced by higher

population densities. However, it also puts pressure on the supply of raw

materials. This supply problem could be solved in three different ways: The

first way is density-related trade, such that raw materials are imported from

less densely populated areas. The second possibility is to move the industry

to an area with a better supply of raw materials. Lastly, the raw materials

can be replaced by substitutes. However, if a country isn’t able to meet its

demand by domestic supply, so that industries can’t be relocated within the

country, it would get highly dependent on imports of raw materials. The

only possibility to avoid this dependence is to substitute raw materials by

new technologies. Urbanization, therefore, induced technological progress,

via its increasing demand of raw materials for the production of manufactur-

ing goods. These manufacturing goods have demanded skills, knowledge and

a degree of specialization, which could have only been achieved by a certain

population density.(Boserup, 1981)

All in all, the broadening of the market and its possibilities for specialization

are the main drivers for technological progress regarding population density.

The interlinkages between the agricultural sector and the nonagricultural

sector are of special importance, as the mobility of labor and the effects of

an intensification of agricultural production on the degree of specialization

in the nonagricultural sector play a role. Has food supply to be increased to

meet its demand by using a more labor intensive form of production, agri-

cultural workers have less time to produce nonagricultural products of their

need. Therefore, the nonagricultural manufacturing sector grows as a con-

sequence of the intensification within the agricultural sector. Furthermore,

migration, not only from the rural to the urban regions, but also across coun-

tries may play a role. On the one hand, they exogenously increase population

density and therefore may lead to technological progress and, on the other

hand, immigration can be important for the transmission of technologies,
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so that new skills come to town, which may lead to other forms of produc-

tion. Besides testing whether population size did play a role for technological

progress leading to the British Industrial Revolution, the role of urban cen-

ters will also be considered in this respect. Has urbanization been a cause

for or a consequence of Industrialization, or has it been both? To bring more

clearness on these issues will be the aim of the next section.

7.2.2 Historical evidence

As the Galor-Weil model doesn’t consider the underlying mechanism of the

population-technology link, the authors also don’t present any empirical ev-

idence for it.29 Solely Michael Kremer’s empirical argument has been used,

which links the size of the population with technological progress and which

is summarized in figure 10.

Figure 10: Population growth rate versus world population: 1,000,000 B.C.
to 1990; Graph-Source: Kremer (1993).

The growth rate of the population is positively correlated with the size of

the population. Kremer’s scatterplot uses world population data for the

29Empirical evidence is neither presented in Galor and Weil (2000), nor in (Galor, 2005)
and (Galor, 2011). It’s declared as a black box!
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period from 1,000,000 B.C. to 1990 where different average periods are used,

which get shorter the closer they come to the present. Figure 11 is based on

the same methodology as applied by Kremer, but uses data for the English

population instead of world population.

Figure 11: Population growth rate versus English population: 1260-2010;
Data-Sources: 1260-1539 Clark (2005b), 1541-1871 Wrigley et al. (1997);
1901-2010 Office for National Statistics (2011).

Although the sample period is much shorter, as there are no reliable popu-

lation data for England prior to 1250,30 it can be seen that the relationship

between the size of the population and its growth rate is not that clear in the

perspective of England.31 On the one hand, the consequences of the Black

Death led to negative population growth in the 14th century. On the other

hand, lower than predicted population growth rates can be observed in the

second half of the 17th century as well as at the beginning of the 18th century,

30One observation is lost, as growth rates are taken into account.
31The growth rates in figure 11 are averages of estimated yearly population growth rates

for periods of 20 years from 1260 to 1500 as well as from 1901 to 2010 and averages of 25
years from 1551 to 1871. The different averages result from different average periods of
the three data sources.
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due to a population stagnation - figure 8, which leads to the break in the

relationship at the population size of close above 5 millions. Furthermore,

the curve reaches a peak during the first half of the 19th century at a yearly

population growth rate of approximately 1.3%. Since that period the yearly

population growth rate has decreased, although the population size increased

steadily. Therefore, it can be concluded that the proportional relationship

between population size and the growth rate of the population does only hold

for England in periods of trend population growth, which occur before 1850.

A negative relationship, which indicates that a smaller population grows at

a faster pace than a larger population, cannot be observed for the period

prior to the demographic transition. Especially for the mostly pre-industrial

periods from 1530 to 1600 and from the late 17th century to the early 19th

century the proportional relationship probably holds.

Measures for productivity during the pre-industrial epoch in England are

rare. Mostly, they are based on Malthusian forces like it’s the case in the

VAR-study by Crafts and Mills (2009), which has already been considered in

the section dealing with the Malthusian mechanism. They interpret an ac-

celeration of the increase in the demand for labor, which is a constant in the

wage equation, as technological progress.32 Technological progress is there-

fore not considered as labor saving in the medium run, as industrialization

absorbs more labor for the production of output, even if new technologies

are labor saving in the short run. This interpretation is similar to the argu-

ment within the Unified Growth Theory that a higher degree of technological

progress can absorb a larger population at a constant wage rate. Figure 12

shows the regression outcome for the estimate of the technological progress

ct. The dashed line indicates the estimates using the real wage series by

Wrigley and Schofield (WS)33 and the continuous black line indicates the

estimates using Clark’s real wage series, which has already been used earlier.

32In Crafts’ and Mill’s VAR setting the wage is expressed by a constant α, the population
size with a coefficient β, and a residual s, which follows an AR(2) process: xt = αt+βpt+st.
The constant α does change with the variable ct: αt = αt−1 + ct, which follows a random
walk. However, if ct rises also the constant increases, so that for any change in the
population, the wage is higher than at a lower level of α. (Crafts and Mills, 2009, p.8-9)

33Wrigley et al. (1997)
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Figure 12: Estimates for technological progress from 1540 to 1870; Graph-
Source: Crafts and Mills (2009, p.37).

The graph shows a clear increase in the rate of technological progress during

the Industrial Revolution, starting in 1750. However, no trend of a gradual

increase can be observed in advance, like it’s the case in the model dynamics

analysis of figure 4. There is a cyclical behavior in the pre-industrial period.

As the population development hasn’t been that continuous as it is assumed

in the model dynamics study by Lagerlöf (2006), this may not be an argument

to refuse the relationship between technological progress and population size.

Especially the increase in the rate of technological progress during the period

from 1600 to 1650 is compatible with the population increases after the Black

Death, see figure 8. However, there are no substantial increases in population

from 1700 to 1735, when Crafts identifies the second small boom in techno-

logical progress. Population size is still in a stagnant development during

that time and population size starts to rise substantially shortly after that

period. However, the population increase is too slow in order to account for

the gains in technological progress, which is the reason, why Kremer (1993)

lacks in explaining the Industrial Revolution. Therefore, the Unified Growth

Theory introduces the second driver of technological progress, namely hu-
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man capital, which becomes effective only during the Industrial Revolution.

Nevertheless, the stagnant population development in the 100 years prior

to the Industrial Revolution in 1750 remains a problem for the explanatory

power of population induced technological progress. However, population in-

duced technological progress may be important to explain the increase in real

wages in the middle of the 17th century, which follow the massive increase

in England’s population after the Black Death decline.

Supply of innovative ideas

A rising supply of innovative ideas along with an increase in the size of the

population is consistent with the ideas of Simon (1996) and Kuznets (1960).

However, the simple argument, that a larger population has more minds and

more minds have more ideas so that the total stock of knowledge increases,

shall be analyzed step by step. That a larger population/labor force34 has

more minds is self-explanatory, but does this necessarily imply a greater

amount of ideas, which can be realized as inventions? This may depend on

the form of the invention process. On the one hand, an invention can be the

result of a scientific process, based on experiments led by a theoretical under-

standing of the inventor. On the other hand, inventions may also result from

a trial and error process, which isn’t related to a theoretical understanding

and therefore doesn’t follow a structural procedure. The latter inventions do

happen on-the-job and the inventors of that class are artisans and farmers

but not scientists, as it may be the case in the first type of inventions. It goes

along with the presented theory that inventions, which happen on-the-job are

more likely to occur at a bigger population. A larger population implies more

people producing goods with similar methods so that also the probability rises

that one of them has an idea, how to improve the work process and make it

more efficient. However, if inventions are the result of a scientific work pro-

cess, then a greater population may not necessarily imply an increase in the

stock of knowledge, as the number of scientists may not increase proportional

to the population size. Although Becker et al. (1999) argues that scientific

output grows with the population size leading to technological progress, the

34Assume that an increase in the population size leads to a rise in the labor force too.
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assumption that the number of scientists do increase proportionally with the

population size is needed. For pre-modern economies that doesn’t have to

be the case. In this regard, institutional factors are important.35 The num-

ber of scientists, who are searching for new solutions, does play a role for

the number of inventions. However, the relationship between the size of the

population and the extent how much institutions promote scientific research

isn’t that clear. Therefore, the population size as a driver of innovations is

important, especially if these aren’t based on a theoretical understanding. If

that’s not the case the population size may matter, but it does also strongly

depend on the institutional framework within that economy.

In pre-industrial Britain technological inventions were mostly of the first

case being described above. Moykr (2009, p.60) argues that before 1800

most techniques weren’t based on a theoretical understanding and science

didn’t provide indispensable inputs. They rather ”emerged as a result of

chance discoveries, trial and error, or good mechanical intuition and often

worked quite well despite nobody’s having much of a clue as to the principles

at work.”(Moykr, 2002, p.32) This would support the positive influence of

the population size on technological progress. However, the invention pro-

cess was in a period of change at the onset of the Industrial Revolution.

England’s Scientific Revolution during the 17th century has changed the in-

stitutional environment and science gained in importance as an input for

technological invention. Following Lin (1995), the absence of a Scientific

Revolution is also the reason why China, which was characterized by a large

population size, as well as a high population density, has lost ground. Lin

follows a similar argument as outlined above. The population size deter-

mines technological progress as long as technological invention happens by

chance and experience made by artisans and farmers. The supply of innova-

tive ideas is, therefore, based on the assumption, that technological progress

is generated by a ’learning-by-doing’ process on the job or just by chance.

35Simon (2000) would complement this by arguing that these institutional changes,
which promote technological progress are a result of the growing size of the population
too, as the institutional framework is a result of the stock of knowledge in a society. The
stock of knowledge, however, has only reached that size, as new ideas induced by the size
of the population continuously contributed to the stock of knowledge.
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The ’learning-by-doing’ process may further be intensified by an increased

degree of specialization and the division of labor, which is positively influ-

enced by the population density. However, as technological progress became

more dependent on theoretical knowledge - even if ”the mechanics, ironmon-

gers, and chemists who were responsible for the technological advances of

the age were by no means all intellectuals”(Moykr, 2009, p.61) - countries

like China, where invention was still of the non-scientific type, lost ground.

Therefore, even within this changed institutional framework population size

may have played a role, as the British Industrial Revolution was also spurred

by so-called micro-inventions produced by highly skilled workers, who gen-

erated non-scientific skills through the contact between master and trainee.

They also had the skills to adopt new technologies. Although these inven-

tions happened on-the-job it isn’t absolutely clear that population size affects

technological progress through this channel, as the traineeships, which have

channeled the skills, were highly regulated and limited in size by institutional

factors. Furthermore, the interaction between inventions based on scientific

methods and the supply of labor being able to adapt and improve them is an

important characteristic of the British Industrial Revolution, as emphasized

by Moykr (2002).

Regarding the role of the population size on the supply of new technology we

can, therefore, conclude that positive effects via micro-inventions are possible,

but institutional factors, which determine the transfer of existing knowledge,

were probably of greater importance. Moreover, inventions based on scien-

tific theory are much more based on the institutional framework than on the

size of the population. If the Scientific Revolution laid the foundation for

the high density of new inventions as well as its broad distribution during

the Industrial Revolution, then the population size via the positive effect

on the supply of new technology has only a minor effect. Nevertheless, for

the pre-industrial period the historical evidence on the nature of the inven-

tion process supports the theories, which link the size of the population to

technological progress. Therefore, there is no clear contradiction to the pre-

industrial mechanism of linking the population size to technological progress

used in the Unified Growth Theory. Furthermore, supporting evidence can
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also be found for the assumption that the population size has played a role,

although a minor one, during the first phase of the Industrial Revolution, at

least for the second half of the 18th century, via micro-inventions. However,

with regard to the Industrial Revolution the pre-industrial invention pro-

cess, which can be linked to the population size, isn’t sufficient. Comparing

England with China, which had a much larger population, as well as a very

high population density, it’s very doubtful to explain the emergence of the

Industrial Revolution through the positive effect of the population size on

the supply of innovative ideas. As Lin (1995) has pointed out institutional

factors with regard to the innovation process are of key importance in order

to explain the different developments. The Galor-Weil model clearly lacks in

explaining these differences as England wouldn’t have been the first country

to industrialize if the population size had been the sole driver of technological

progress.

Demand for new technologies

An increase in the population size leads to technological progress as it’s as-

sumed that more inventions occur if the demand for new technologies rises.

This demand-based link is supported by Boserup (1965) and Simon (1996).

A growing population implies more scarce resources, which gives incentives

to increase output, as prices increase at constant supply in the short-run.

Boserup (1965) argues further that if food prices don’t increase there is no

inducement to intensify production. However, this implies a lack of employ-

ment opportunities. Laborers can only find work at lower nominal wages,

as labor supply increases at constant demand. Therefore, laborers have to

work longer in order to finance their food consumption. Agricultural in-

tensification is then the result of laborers accepting longer working hours.

Decreasing real wages, either through an increase in food prices, or through

a reduction in per hour money wages, give the incentive for the adoption of

non-labor-saving new technologies. These lowering real wages can be com-

pensated by increases in nominal wages in those sectors, in which output

can be increased through intensifications. However, if technologies are labor-

saving, they would be implemented immediately, as they increase output at
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constant inputs. If total output cannot be increased through simply adding

more labor in the production process at constant costs per unit of produc-

tion, then the increased demand can give incentives for new inventions, which

are intended to decrease costs per unit of production. The high prices can

motivate more people to think about innovations as expected revenues are

higher. Therefore, in cases of labor-saving technologies a population increase

can foster technological progress as the demand for new technologies can po-

tentially raise output.

That higher demand for goods leads to higher prices at constant supply36

is assumed to hold due to standard neoclassical price theory. However, do

higher prices of goods really trigger the demand for new technologies? In

the case of diminishing returns to labor and/or a limited amount of capital,

including land, they should. Output can then only be increased at higher

relative input costs, as capital, due to its limited nature, gets more expensive

and each additional input of labor produces less additional output - at con-

stant capital input. In addition to that, output will probably be increased in

the most efficient and less costly way. Therefore, the relative costs of labor,

land and capital are important. If labor is expensive relative to land and

capital, then there will be an incentive for producers to increase output via

an intensification of land and capital input. If land is expensive relative to

capital, as it’s the case in densely populated regions, then output will be

increased via increased capital input. Following this argument, population

induced price increases will most probably lead to labor-saving inventions, if

labor and land is expensive relative to capital. Allen (2009) has shown that

real wages, which can be used as an approximation for labor input, were high

in England in comparison to other countries and world regions. Furthermore,

figure 13, which is taken from Allen (2009), shows that the real input cost

of labor relative to the price of capital did increase in England during the

period from 1630 to 1780. In European cities like Strasbourg and Vienna the

relative price of labor didn’t increase during that period. This supports the

36Supply can be assumed to be constant in the short run, as it’s of interest how the
supply will adjust to the new demand situation in the medium run. This can either happen
through increased labor input, or a rise in capital input by using more land or machinery.
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argument of demand-induced inventions due to the relative prices of labor,

land and capital to other input costs. The producers in England had an

incentive to increase their demand for new technologies.

Figure 13: Wage relative to price of capital; Source: Allen (2009, p.139).

Furthermore, Allen does emphasize the relative price of labor and energy.

In England, especially in Newcastle, the price of labor relative to energy

was very high compared to other cities, like Amsterdam, London, Paris,

Strasbourg or Beijing.(Allen, 2009, p.140; figure 6.2) The use of coal and

its emergence as a major source of energy in England’s iron production is an

example, which shows how the size of the population can lead to productivity

increases via demand induced innovation. The traditional way to smelt iron

in pre-industrial England was to use charcoal as a source of energy. However,

as population grew and a shortage of forested land occurred, the price of

charcoal increased, reaching double the price of coal in 1550. The spread

between charcoal and coal became even greater as the prices of wood fuel

rose again in the 1650s.(Allen, 2009, p.87) At the beginning of the 17th
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century the use of coal for iron production has already been discussed, but it

needed until the mid of the 18th century, in order to successfully substitute

coal for charcoal. This enabled a substantial increase in the iron production

with a lot of forward and backward linkage effects on other industries, where

iron became a cost efficient alternative for wood and enabled new forms of

production.(Boserup, 1981, p.109)

However, the argument of relative prices raises one question, which hasn’t

been answered up to now. If population increases, why haven’t real wages

got down to a level, at which relative prices were less favorable for demand-

induced inventions, which replace labor input by capital input? In order to

keep real wages at a high level and sustain the increased population’s demand,

which can induce inventions, the demand for labor has to rise too. The

answer presented by Allen (2009, p.114) is that agricultural efficiency and

expanding cities lead to rising labor demand. Moreover, as has been outlined

within the section, which has dealt with theories of linking the population to

technological progress, urbanization is also linked to agricultural efficiency.

That’s why the next section covers the factor played by population density,

including the aspects ’the division of labor’ and ’the rate of technological

diffusion’ which are also mentioned within the Unified Growth Theory.

Population density

Urbanization, agricultural efficiency and the interlinkages between these two

factors should have caused a rise in labor demand, so that England’s real wage

level remained high. Agricultural efficiency and urban centers are related to

each other, as the size of the food surplus produced by the agricultural sector

determines the size of the urban population in a closed economy.(Wrigley,

1990, p.40) Furthermore, the higher wages in urban centers and within the

proto-industrial sectors drew labor out of the agricultural sector and forced

farmers to improve their methods, in order to compete with the high urban

incomes.(Allen, 2009, p.79) Therefore, higher wages in the urban manufac-

turing sectors induced agricultural efficiency, but higher productivity in the
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agricultural sector has also been necessary for urban growth.37 Labor should,

therefore, have moved to these urban centers, which were characterized by

the manufacturing sector, as growth potential should be the highest there.

Table 1 does support this tendency. It shows the population increases for

England and selected agglomerates of urban centers. In the first period,

which is the 16th century, London grew substantially above England’s aver-

age. In contrast to the other agglomerates only the 4 ’new’ manufacturing

towns grew at a higher rate than total population. This tendency, that urban

centers, which are more strongly engaged in the manufacturing sector, face

higher growth rates is persisted within the 17th century. However, also the

other urban centers did grow above the average. For the remaining periods,

the manufacturing towns grew even faster, while the 8 ports and the 10 his-

toric regional centers had rather constant growth rates. It can be concluded

from this table that urban centers, especially those where the manufacturing

sector was important, did grow faster than total population even before the

onset of the Industrial Revolution in 1750.

Percentage growth

1600/1520 1700/1600 1750/1700 1801/1750

England 71 23 14 50

London 264 188 17 42

10 hist. reg. centers38 18 47 18 21

8 ports39 39 53 58 48

4 manuf. towns40 83 145 159 274

Table 1: Urban growth in early modern England; Source: Wrigley (1990,
p.49)

37Robert Allen does put more emphasize on the positive effect of urban growth on
agricultural efficiency, through higher incomes in urban and proto-industrial sectors.

3810 historic regional centers: Norwich, York, Salisbury, Worcester, Exeter, Cambridge,

Shrewsbury, Gloucester.
398 established ports: Bristol, Hull, Colchester, Newcastle, Ipswich, Great Yarmouth,

King’s Lynn, Southampton.
404 ’new’ manufacturing towns: Birmingham, Manchester, Leeds, Sheffield.
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The process of urbanization is, therefore, not only a side effect and conse-

quence of the process of industrialization, but was important for industrial

and manufacturing growth. That the relationship between urbanization and

industrialization is a two-way relationship has already been emphasized by

Stobart (2000, p. 161), who argues that ”just as industrialization was cru-

cial to urban growth, so urbanization was important in promoting and shaping

industrial growth.” This early process of urbanization can explain the simul-

taneous increase in population and real wages since the 17th century, which

has been shown in the chapter dealing with the Malthusian mechanism. The

capacity of urban centers to absorb the labor movements by increasing la-

bor demand ensured a high level of real wages relative to capital, which has

only enabled demand-induced technological progress to take place. However,

why have urban centers been able to absorb the labor and furthermore pay

high wages even when urban labor supply has increased? As has been em-

phasized by Allen (2009, p.114) via referring to Crafts and Venables (2003),

”economies of scale [...] raised efficiency and with it the demand for labor.”

Anyway, the literature on urban centers is much broader and theories, as

those, which have been analyzed before, are able to link population density

to technological progress and via this process also labor demand. The aspect,

which is analyzed next, as it’s also mentioned within the Unified Growth The-

ory is ’the division of labor’.

Up to now it can be concluded that the population size induced demand

for new technologies does only work if enough labor demand is generated in

order to counteract the downward pressure on the relative price of labor by

increased labor supply. A simultaneous increase in the population size and

labor demand as it has been the case in the century prior to the British Indus-

trial Revolution isn’t self-evident. The increase in the size of the population

as the single argument for a rising labor demand isn’t sufficient. Therefore,

the Unified Growth Theory isn’t able to explain England’s high real wage

economy, which may lead to demand induced technological progress like it

has been shown by Allen (2009).
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The division of labor

The positive relationship between the degree of population density and agri-

cultural productivity has led to a higher level of specialization and has en-

abled a higher degree of division of labor. However, the level of urbanization

of pre-industrial Britain was relatively low compared to the continent, as

there was a relatively low density of medium sized provincial towns, London

being the exception.(Jones and Falkus, 1990, p. 117) Nevertheless, this ur-

ban structure developed manufacturing specialism especially in the decades

around 1600, so that England replaced manufacturing imports by exports

even before 1700.(Glennie and Whyte, 2000, p.181) The high labor demand

within the nonagricultural sector, however, didn’t arise on the basis of the

manufacturing sector alone. As Williamson (1990, p. 86) points out, the

”mining and the heterogeneous service sector were equally or even more im-

portant” in shifting labor demand. However, the manufacturing and service

sector did often expand together. The rural labor surplus could have there-

fore been absorbed quite easily in the long run. Hence, England’s percentage

of people living in urban centers with more than 10,000 inhabitants (17-

18%) has reached a higher level than at the continent, except for Holland,

in 1750.(Chalklin, 2001, p. 8) Ongoing specialization not only within the

manufacturing sector, as other sectors did also grow with rising population

density, may has enabled increasing returns to labor within urban centers.

This division of labor didn’t only occur within urban centers, as whole towns

did specialize in a certain industry.

All in all, it can be concluded that the population size mechanism within the

Unified Growth Theory has most probably only indirectly played a role as a

driver for technological progress with regard to the emergence of the Indus-

trial Revolution. The possible degree of specialization within the production

process does, at least to some extent, depend on the population density.

The rising labor demand as a consequence of the urbanization process is fur-

thermore needed in order to explain a rising demand for innovations along

with population increases. Otherwise the price of labor relative to other in-

put costs would has decreased and there wouldn’t have been an incentive

to increase output through looking for new labor saving solutions. There-
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fore, it’s important that wages remain high even when the population gets

larger. That’s not so clear, as a rising labor supply puts downward pres-

sure on wages. Hence, the population size alone can only hardly explain

technological progress via demand effects at the emergence of the Industrial

Revolution. However, other channels of the population-technology link aren’t

that promising too. Regarding the supply mechanism it has been shown that

institutional factors have played a more important role as a driver for tech-

nological progress. The weak link between the size of the population and

technological progress is further supported by empirical studies. Although

it’s hard to test the link between the size of the population and technolog-

ical progress empirically, Crafts and Mills (2009, p.14) state that ”there is

no general tendency for technological progress to accelerate as population in-

creases”. They further present the idea that population density may be a

better explanatory variable than the size of the population. A stronger focus

on population density in combination with the presented argument of relative

real input costs as demand-induced technological progress may work best in

the black box of the Unified Growth Theory. However, the labor demand

effects have to be considered when using this approach.
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Part III

Unified Growth Theory - a

skeleton

The Unified Growth Theory is designed as a Meta theory, which allows for

country-specific elements. These can alter the timing of the Industrial Revo-

lution. Property rights, the composition of interest groups, institutions, the

propensity of a country to trade and the creation and diffusion of knowl-

edge are country specific elements, which Galor (2010, p. 28-29) mentions.

Therefore, theories from historical sciences, which have emphasized country

variations, may be able to be combined with the Unified Growth Theory. In

fact synergy effects can occur when combining theories from historical sci-

ences with the Unified Growth Theory. Therefore, the third part wants to

analyze one important theory, which is the Enlightenment Theory by Joel

Mokyr, with regard to its additional explanatory power it can contribute to

the Unified Growth Theory. However, before that the possibility of cross-

country variation within the Galor-Weil model is analyzed. This analyses is

based on Galor (2010).

8 Compatibility with historical sciences

The Unified Growth Theory, as any other theory modeling growth in the very

long-run, has to deal with the trade-off between the simplicity of the model

and its explanatory power. Therefore, the explanatory variables, which are

used, shall be able to illustrate and explain economic development in the

long-run. Explanatory variables, which don’t change the pattern of develop-

ment, although having some explanatory power, are excluded. The Unified

Growth Theory has the objective to explain global economic development of

the whole human history. If applying this model to a single country there

might be explanatory variables, which are more important for this country

than for the whole globe. Therefore, it may be reasonable to include some
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country specific factors within the model. Nevertheless, the overall pattern

of development shouldn’t change, especially for the development of Britain.

Britain as the first country experiencing the Industrial Revolution and also

being the origin of the transmission of industrialization to other countries

which followed, might be more important for global development than the

economic development of any other country. Hence, any theory explaining

global economic development has to be able to explain the British transfor-

mation from an agricultural to an industrial country too. Nevertheless, it’s

possible that there are country specific factors which are responsible for al-

tering developments in various countries. These factors, however, shouldn’t

change the pattern of development. They should only account for differences

in the speed of development, as otherwise these factors would have to be

included in the general model. Such country specific factors may also ex-

plain, why Britain industrialized first.41 Therefore, theories from historical

sciences, which present explanations, why Britain industrialized first, may

be compatible with the Unified Growth Theory and can be added through

country specific variables. However, if joined with the Unified Growth The-

ory, these explanations for the British Industrial Revolution would give up

the claim for being the reason for industrialization in general, as they are

only introduced to explain, why Britain was first.

8.1 Model expansion

In order to account for additional theories as country specific elements, the

basic model structure, which has been outlined in section 5, has to be ad-

justed. Additional elements are considered within the theoretical black boxes

41In the Unified Growth Theory the pattern of development is equal for all countries.
Therefore, Britain as being the country, which has industrialized first, has no special role
within the theory. However, the fact, that Britain industrialized first has changed global
economic development, as the industrialization process in so-called late coming countries
has been substantially influenced by the British economy. Galor (2005, p.280-283) argues
that these reciprocal relationships have occurred, but have only altered the speed of de-
velopment. They didn’t change the underlying mechanisms of long-term growth. A more
detailed analysis of the effects of the British industrialization on late coming countries is
presented by Galor and Mountford (2008), who focus on the implications via international
trade.
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of the Unified Growth Theory, which are, on the one hand, the effects of the

size of the population and the level of human capital on the rate of techno-

logical progress and, on the other hand, the effect of the rate of technological

progress on the level of human capital. These theoretical black boxes have

been modeled as equation 5 and equation 4.42 They are adjusted for country

specific elements by adding an additional explanatory variable, which ac-

counts for those effects. Therefore, country i’s rate of technological progress

depends on its level of education per capita ei
t, the size of the population

in country i Li
t and some country specific factors Ωi

t that are conducive for

technological progress.43

gi
t+1 = g(ei

t, Li
t, Ωi

t) (9)

Possible explanations for country specific factors affecting the rate of tech-

nological progress at given levels of population and human capital are the

protection of intellectual property rights, the creation of a platform upon

which faster technological innovation may emerge, the composition of in-

terest groups and the composition of religious groups.(Galor, 2010, p.28-29)

Similar to the rate of technological progress also the investment in education

may depend on country specific characteristics, which would indirectly affect

the rate of technological progress as well as the level of human capital hi
t+1.

Country specific variation affecting the educational investment et+1 is intro-

duced through the individual’s utility function as a preference parameter µi
t

and through the level of human capital as an additional explanatory variable

φi
t. Combined within a matrix Ψi

t ≡ [φi
t, µi

t], these variables do account for

country specific variation within the function determining the investment in

education.

ei
t+1 = e(gi

t+1; Ψi
t)











= 0 if gi
t+1 ≤

∧

g(Ψi
t),

> 1 if gi
t+1 >

∧

g(Ψi
t)

(10)

42Equation 5: gt+1 = g(et;Lt); Equation 4: et+1 = e(gt+1).
43The introduction of the country specific factor Ωi

t
doesn’t change the strictly concave

curvature of the function generating the rate of technological progress so that the rate of
technological progress increases if ei

t
, Li

t
,Ωi

t
rises - the first derivative is positive. However,

the increase diminishes in size - the second derivative is negative.
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Possible explanations for a higher investment in education at an equal rate

of technological progress are lower costs of education or a higher ability to

finance them, a broader availability of education, a more efficient human cap-

ital formation, a higher stock of knowledge contributing to a more productive

human capital, or a higher propensity to trade affecting the skill-intensity in

production.44(Galor, 2010, p.29-30)

It has been shown, that country specific factors can alter both elements of

the dynamical system of the Unified Growth Theory, which has been an-

alyzed in section 6. The two basic equations have both been adjusted for

country specific factors so that the next step will be to analyze, how this

model expansion has changed the model dynamics.

8.2 Altered model dynamics

Country specific characteristics, which do influence economic development

have been separated into effects, which, on the one hand, influence the rate of

technological progress Ωi
t and, on the other hand, alter to human capital for-

mation Ψi
t. At first, variations in the technological progress, everything else

being equal, will be dealt with. Then, variations in human capital formation,

everything else being equal, will be analyzed. And lastly, the implications

for the model dynamics are studied, if both variations are combined.

Implications for the rate of technological progress

Suppose there are two countries, country A and country B, which have

the same population size, the same level of educational investment and

there are no country specific elements regarding human capital formation:

LA
t = LB

t ; eA
t = eB

t ; ΨA
t = ΨB

t . However, there are country specific elements

affecting the rate of technological progress so that country B faces a higher

rate of technological progress in period t + 1 than country A for the same

44These are only some examples, but there can be any country specific factor, which
doesn’t contradict with the basic model mechanisms and do affect human capital formation
and/or the individual’s utility function.
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investment level in education as well as the same population size: ΩA
t 6= ΩB

t .

gB
t+1 = g(et; L, ΩB) > gA

t+1 = g(et; L, ΩA) (11)

This situation is visualized in figure 14. The scale effect of the model induced

increases in the population size shifts both gt+1 curves upwards. However,

due to the country specific variation in the rate of technological progress,

country B leaves behind the Malthusian stagnation earlier than country A.

Moreover, country B will reach the modern growth equilibrium earlier so that

the time path changes due to the country specific differences, but the model

mechanisms remain the same. Figure 14 shows a situation, in which country

B has already reached the significant rate of technological progress at which

investment in education becomes efficient so that the economy converges to

the modern growth equilibrium at the intersection point of gB
t+1 and ei

t+1.

Country A is, however, still trapped within the Malthusian stagnation at

an equilibrium of zero investment in education and very low growth rates of

technological progress.

Figure 14: Model dynamics for variations in Ω; Source: Galor (2010, p.33).
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This implies that any additional explanatory variable, which explains why

country B has higher growth rates of technological progress than country

A, although the level of the population and human capital being equal, can

be added to the model through Ω. Regarding the Industrial Revolution in

England it might therefore be the case, that other factors than the size and

density of the population are important to explain, why England was the

first country of the world which has industrialized. The growth performing

elements of the Unified Growth Theory do ensure that the transition to the

modern growth regime would have occurred, but it may lack in explaining

the time when it actually started to converge to the equilibrium of modern

economic growth rates. In this respect country specific elements introduced

by Ω may account for this weakness.

Implications for human capital formation

The second possibility how the model dynamics can be changed through

the introduction of country specific elements is by affecting human capital

formation. Suppose that the factors determining the rate of technological

progress are equally developed in country A and B so that ΩA = ΩB = Ω.

Therefore, for the same level of human capital and the same size of the

population there is no difference in the rate of technological progress between

those two countries. However, we assume that there exists a difference in the

formation of human capital between the two countries so that ΨA 6= ΨB. The

specific characteristic of country B leads to a higher rate of human capital

formation at the same rate of technological progress.

eA
t+1 = e(gt+1; ΨA) ≤ eB

t+1 = e(gt+1; ΨB) (12)

The level of human capital in country A and country B in period t+1 is only

equal, if the rate of technological progress is below the threshold at which the

investment in the education of the children becomes beneficial. However, the

country specific differences in the human capital formation do also lead to

different threshold levels. The beneficial country specific elements of country

B do reduce the threshold level, so that investment in the children’s education
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will occur earlier in country B.

∧

g(ΨB) <
∧

g(ΨA) (13)

As can be seen in figure 15 this implies two parallel curves for human capital

formation for country A and country B. The curve, which is more to the

right, refers to country B and indicates that at a given rate of technological

progress country B faces a higher level of human capital, than country A. This

leads to an earlier transition to the equilibrium point of the modern growth

regime, as the gi
t+1 curve intersects with the eB

t+1 curve before it intersects

with the eA
t+1 curve.

Figure 15: Model dynamics for variations in Ψ; Source: Galor (2010, p.36).

Within the Unified Growth Theory, especially within the Galor-Weil model,

human capital doesn’t occur as a driver for technological progress prior to

the Industrial Revolution. Therefore, it’s not that important for the research

interest within this thesis to consider the possibility of different country spe-

cific factors affecting the utility function of the model. This would be of
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greater importance if the focus is put on the convergence to the modern

growth equilibrium during the process of industrialization.

However, the effect of country specific differences on the rate of technolog-

ical progress may substantially contribute to the explanatory power of the

Unified Growth Theory regarding the emergence of the British Industrial

Revolution. Therefore, it will be the objective of the next section to ver-

ify, if the ’Enlightened Economy’ theory by Joel Mokyr, can be combined

with the model framework of the Unified Growth Theory by implementing

it through a country specific effect Ω. This may help to explain, why the

Industrial Revolution had at first occurred in England. Compared to other

current theories like Bob Allen’s incentive theory, which is based on rela-

tive factor prices, Joel Mokyr’s approach seems to be more appropriate to

be introduced through the presented model expansion. That’s because, the

country specific effect shouldn’t influence the mechanisms acting in the ba-

sic model. Theories, which are closely related to real wages, like Robert

Allen’s theory, are very likely to conflict with the Malthusian mechanism

within the Unified Growth Theories. If such theories should be added to the

Unified Growth Theory this would have to happen within the basic model

and not via country specific characteristics.45 However, the model expan-

sion presented may also be used to incorporate other effects beside Mokyr’s

’Enlightened Economy’ theory. One example would be Daron Acemoglu’s

and James Robinson’s institutional theory explaining the British Industrial

Revolution as a consequence of the development of inclusive institutions, due

to which secure property rights, a liquid financial market and an efficient tax

systems have arisen.(Acemoglu et al., 2005) This approach, which is in the

tradition of Douglas North’s theory emphasizing the role of the 1688 Glo-

rious Revolution for the occurrence of the Industrial Revolution46 could be

compatible with the Unified Growth Theory.

45Furthermore, Bob Allen’s incentive theory has already been discussed with respect to
the Unified Growth Theory’s black box problems in part 2 and has been found to a helpful
explanation for the link connecting population density to technological progress via the
demand for new technologies.

46North and Weingast (1989) argue that the Glorious Revolution led to secure property
rights, which gave the incentives to enhanced investment and innovation leading paving
the way to the Industrial Revolution.
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9 Joel Mokyr - The Enlightened Economy

9.1 Theoretical background

The revolutionary aspect of the Industrial Revolution is given by the fact

that economic growth was persistent. The economy didn’t face a negative

feedback like it has been the case during pre-industrial economic develop-

ment. However, not the famous macroinventions47 like the steam engine or

the spinning jenny have made the difference, as macroinventions have al-

ready led to periods of economic growth prior to the Industrial Revolution

without being sustainable. So what made the difference? Joel Mokyr argues

that a stream of microinventions following the macroinventions during the

Industrial Revolution was responsible for the sustained high growth rates

of the economy. However, the argument goes far beyond this finding. The

major argument within ’The Enlightened Economy’ theory is that the ’Indus-

trial Enlightenment’ has gradually broadened the basis of useful knowledge

on which especially microinventions, but also macroinventions were made.

This concept connects the 17th century Scientific Revolution48 to the In-

dustrial Revolution’s sustainability of technological progress. The ’Indus-

trial Enlightenment’ refers to two different types of useful knowledge and

their relationship to each other. Useful knowledge is separated into proposi-

tional knowledge and prescriptive knowledge, where propositional knowledge

refers to the society’s knowledge about natural phenomena and regularities

while prescriptive knowledge refers to the techniques known within a soci-

ety.(Moykr, 2002, p.4-15) Both types of useful knowledge are important in

order to explain the sustainability of technological progress during and af-

ter the Industrial Revolution. Therefore, the relationship between them is of

47”Macroinventions [...] are those inventions in which a radical new idea, without clear
precedent, emerges more or less ab nihilo.”(Moykr, 1990, p.13) As a complement to them,
microinventions are defined as ”incremental steps that improve, adapt, and streamline
existing techniques already in use, reducing costs, improving form and function, increasing
durability, and reducing energy and raw material requirements.”(Moykr, 1990, p.13)

48”The Scientific Revolution is the name given by historians of science to the period in
European history when, arguably, the conceptual, methodological and institutional founda-
tions of modern science were first established.”(Henry, 2002, p.1)
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special importance. The ’Industrial Enlightenment’ was able to positively in-

fluence innovations as well as its efficient adoption and advancement through

three channels:

1. The characteristic of propositional knowledge to observe, classify, mea-

sure and catalog natural phenomena would lead to a broader knowledge

of the techniques, which work best. A more wide spread application

of best-practice techniques increased productivity and accelerated the

diffusion of technological progress.

2. The conceptualization of techniques by linking them to some general

principles leads to ”extensions, refinements, and improvements, as well

as speed up and streamline the process of invention.”(Moykr, 2002, p.35)

3. The connection and interaction between the people, who controlled

propositional knowledge, and those, who applied prescriptive knowl-

edge by using techniques, did improve.(Moykr, 2002, p.35) This has fa-

cilitated the effectiveness of propositional knowledge causing a greater

effect on economic development.

The stream of microinventions, which overcome the diminishing returns of

macroinventions and therefore also the unsustainability of technological pro-

gress, was possible due do the rationality of observing, understanding and

manipulating natural forces. As the underlying natural forces of inventions

and techniques were more and more understood, it was also easier to improve

those techniques via microinventions. The expansion of propositional knowl-

edge and the attempts for this knowledge to be useful is one important aspect

of Mokyr’s explanation for the Industrial Revolution’s sustainable economic

growth rates.(Mokyr, 2005b)

Beside the expansion of the body of propositional knowledge the access costs

of this type of useful knowledge do play an equally important role. Lower ac-

cess costs have been promoted by the ’Industrial Enlightenment’, which ”was

dedicated to making access to useful knowledge easier and cheaper.”(Mokyr,

2005b, p.327) If propositional knowledge is kept secret it can’t generate eco-

nomic value. That’s why it’s not sufficient to look on the development of

86



propositional knowledge alone. Therefore, access costs have to be taken into

account in order to explain effects on economic growth. However, they can

be influenced by various factors. These factors are: technical factors, cultural

and social factors, institutional factors and economic factors. Mokyr (2005b,

p.297) points out that the decline in the access costs in the century before

the Industrial Revolution cannot be attributed to a single factor. Regarding

technical factors it’s important to note that in the eighteenth century the cost

and speed of moving declined even before improved transportation infrastruc-

ture like railways occurred. Hence, also the diffusion of useful knowledge did

improve. Moreover, access costs did decline during that time due to the intro-

duction of mathematical symbols, standardized measures and more universal

scales and notation, which made it easier to communicate knowledge. Culture

did also contributed to the reduction in access costs, as scientific knowledge

became a public good and useful knowledge could be shared more easily such

that spillover effects could have been generated. Apart from these cultural

determinants also institutional factors matter. For the Industrial Revolution

informal meetings, where useful knowledge met the demand of people who

intended to apply it, were far more important than formal meetings like, for

example, lectures at universities. Lastly, also economic factors have reduced

the access costs before and during the Industrial Revolution. In the late

seventeenth century a market for ’commodified’ useful knowledge emerged,

which acted as a bridge between propositional and prescriptive knowledge.

The actors of this market were people who intended to bring propositional

knowledge to an application within the production process. However, those,

who participated in the market, were not only motivated by monetary incen-

tives but also, and maybe more strongly, by ambition, curiosity and altruism.

Nevertheless, such a market to emerge and to expand, which had been the

case for the markets for consultants during the Industrial Revolution, does

also need a demand and willingness of economically active people to try and

adapt new techniques of production. This is also a consequence of the ’In-

dustrial Enlightenment’ phenomenon, which transformed a large part of the

society and didn’t stop at the scientific elite. The emergence of the markets

for consultants acting as an intermediary between propositional knowledge,
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prescriptive knowledge and application is a result of this transformation.

Nevertheless, it would be wrong to put these markets on the same level,

which we observe in our modern age, where R&D is institutionalized within

the corporate entities. During the Industrial Revolution and the centuries

before the markets, which have reduced the access costs were largely driven

by independent individuals. Hence, the market hadn’t been that formal as

it’s the case nowadays. Nevertheless, it ensured that inventions made did

arrive at the firm level much easier so that technological progress can result

in economic growth and on top of that improvements of the new techniques

via microinventions are more probable.(Mokyr, 2005b)

All in all, what is important within the ’Enlightened Economy’ theory is the

concept of the ’Industrial Enlightenment’ and especially the development

and relationship between the two types of useful knowledge which is propo-

sitional and prescriptive knowledge. The Industrial Revolutions interpreted

as a transformation of the economy, which has led to sustainable economic

growth rates and overcame negative feedback mechanisms, is explained by

an expansion of the body of propositional knowledge on the one hand, and

a reduction in access costs of existing knowledge on the other hand. It has

been explained along Mokyr’s theory why these two phenomena occurred

and how this led to economic growth. In the next subsection the potential

compatibility will be analyzed by trying to introduce these central elements

of Mokyr’s theory in the model expansion of the Unified Growth Theory

presented in the preceding section.

9.2 Model implementation

The model expansion increases the flexibility of the Unified Growth Theory

by allowing for additional explanatory variables for human capital formation

and technological progress. In order to allow for the possibility to directly

influence technological progress within the model, equation 9 has been in-

troduced. This equation is stated again below. It explains the rate of tech-

nological progress via the level of education et, the size of the population Lt

and country specific elements Ωt. At this point, the question is raised, if it’s
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possible to implement Mokyr’s theory to the explanation of the Industrial

Revolution through the matrix Ωt.

gt+1 = g(et, Lt, Ωt)

Galor (2010, p.28) proposes the creation of a platform upon which faster

technological innovation may emerge as one possible explanation, which can

be incorporated via Ωt. Although he states Moykr (2002) as a reference, no

further arguments are listed how and why this should be possible to incor-

porate. In order to overcome this shortcut it will be the objective here to

further analyze this potential model expansion.

As it has been concluded from studying the ’Enlightened Economy’ the-

ory, technological progress has been spurred by a broadening of the body of

propositional knowledge and by a reduction in the access costs of existing

knowledge. Therefore, Ωt would consist of the explanatory variables π and

θ, where π denotes the stock of propositional knowledge within the society

and θ denotes the access costs to useful knowledge, which comprises both

propositional and prescriptive knowledge. Thus, equation 9 is rewritten in

the form:

gt+1 = g(et, Lt, πt, θt). (14)

Either an increase in the body of propositional knowledge π, or a reduction

in the access costs to useful knowledge θ shift the gt+1 curve upwards, as it’s

assumed that even at high access costs an increase in the body of proposi-

tional knowledge causes technological progress to rise. Therefore, for a given

size of the population and a given level of education the rate of technolog-

ical progress would be higher, if π increases and/or θ decreases. Including

these factors and adjusting them along to the development outlined within

Mokyr’s theory would contribute to an acceleration of technological progress

during the Industrial Revolution. The mechanism within the Unified Growth

Theory, which links the rate of technological progress to the population size

via the supply of new ideas, works more efficiently if π increases49 and/or θ

49The stock of propositional knowledge π is in this setting interpreted as a fraction of
the total knowledge within a society, which does also incorporate economically useless
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decreases, as these ideas do more probably lead to innovations, which foster

technological progress. Therefore, these effects do influence the transmission

from new ideas to the adaption of new techniques in the production process.

However, the new explanatory variables implemented are exogenous fac-

tors, whose development and dynamics can’t be explained within the model.

Moreover, the access costs θt will be correlated with the educational level

et, as the access costs to useful knowledge decreases if the educational level

of the population increases. This may be negligible at a low level of ed-

ucation, which is the case prior and in the early phase of the Industrial

Revolution. However, this will cause rates of technological progress, which

are too high in the modern growth regime. In this respect, a more sophis-

ticated implementation would be necessary in order to account for overlaps.

Nevertheless, for the period of the Industrial Revolution the expansion of the

Unified Growth Theory do account for additional important aspects, which

haven’t been considered within the baseline model and which may be essential

in order to explain, especially, the British Industrial Revolution. However,

this expanded model and the type how alternative theories are implemented

have major weaknesses. Probably the most important weakness is the lack

of model dynamics of the new explanatory variables. By construction all

variables, which enter the model through Ω are exogenous and therefore no

explanation for their dynamic behavior is considered. Therefore, it’s hard

to explain economic developments over time with this type of model expan-

sion. Changes in π and θ would also have to be accounted for exogenously,

although they follow inner dynamics, which are triggered by events, which

may be seen economically exogenously.50 Thus, the model expansion is pos-

sible and additional insights can be won, but due to the incorporation into

the Unified Growth Theory Mokyr’s ’Enlightened Economy’ theory does also

loose dynamics, interlinkages and, thus, also explanatory power.

knowledge. If the population size increases also the total knowledge increases as more
new ideas are produced. However, this doesn’t lead to a conclusion about the change in
the fraction of propositional knowledge. If the fraction of propositional knowledge does
increase with the population size, this can be observed in a rise in π.

50These potential exogenous events are the Scientific Revolution as well as the Enlight-
enment, which have led to the phenomenon of the ’Industrial Enlightenment’ causing the
stock of propositional knowledge to rise and access costs for useful knowledge to fall.
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In order to account for the lack of dynamics if additional explanatory vari-

ables are included, the basic model would have to be changed. Mokyr’s

theory may be guidance how knowledge could substantially contribute to

technological progress and economic growth even at the emergence of the In-

dustrial Revolution. Within the Unified Growth Theory human capital as the

variable through which knowledge influences technological progress, doesn’t

play a role for the emergence of the Industrial Revolution, as human capital

stays constant until the industrial demand for a higher educated workforce

arises. This implementation of knowledge differs from the role of knowledge

and diffusion used within Mokyr’s theory. Modeling the transmission pro-

cess of knowledge from propositional knowledge to prescriptive knowledge

and from prescriptive knowledge to the adoption of the techniques which are

known would be necessary to account for the mechanisms within the ’Indus-

trial Enlightenment’ approach. Apart from this necessity this model would

account for knowledge heterogeneity and developments within different types

of knowledge which do influence technological progress differently. Through

this way a broader concept of human capital would also be able to contribute

to the explanation of the Industrial Revolution. However, this task is out of

scope for this thesis and, therefore, is left open for further research.

It has been shown in this section, that an expansion with respect to some raw

elements of Joel Mokyr’s ’Enlightened Economy’ theory is possible, but that

the expanded Unified Growth Theory can’t incorporate major relationships

between useful knowledge and technological progress as well as their dynam-

ics without changing the underlying baseline model of the Unified Growth

Theory.
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Part IV

Concluding remarks

It’s the attempt of the Unified Growth Theory to present an explanation

for the economic development of the entire human history. The Galor-Weil

model as one variation of the Unified Growth Theory uses a Malthusian

mechanism as well as population and human capital induced technological

progress in order to model the development of income per capita endoge-

nously. The emergence of the Industrial Revolution as a key element for the

transition from pre-industrial to modern economic growth within the Galor-

Weil model is, however, solely based on the interaction between the size of

the population and technological progress. Therefore, the Malthusian mech-

anism, which is used in order to model the absence of a positive long-term

trend in income per capita prior to the Industrial Revolution, and popula-

tion induced technological progress, which is used in order to overcome the

Malthusian trap, are the essential elements for the Industrial Revolution to

emerge. Hence, to analyze these two elements, enrich it with appropriate

theoretical background and test them against empirical evidence for the case

of England has been one main objective of this thesis.

The Malthusian mechanism used is a fertility based response of the popula-

tion to gains in income per capita, which arise due to technological progress.

Hence, mortality based responses, which usually are incorporated in Malthu-

sian models, are neglected. With respect to the pre Black Death period this

may cause problems, but for the emergence of the Industrial Revolution it

may be of less importance as indeed population adjustments due to fertil-

ity decisions persisted longer as has been shown by Crafts and Mills (2009).

However, the fertility based Malthusian mechanism may run into other prob-

lems. If comparing real wage and population data the Malthusian mechanism

has severe problems in timing, as on the one hand real wages started to de-

crease from its Black Death peak before population started to grow and on

the other hand population stayed constant for 100 years during which real

wages were above their pre-industrial long term level. This indicates that
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the relationship between real wages and fertility, or population dynamics in

general, is fare more complex than modeled within the Unified Growth The-

ory. An improvement in modeling pre-industrial real wage and population

dynamics may most likely be achieved by incorporating labor supply effects,

especially in the period between the Black Death and the Industrial Revolu-

tion. The Unified Growth Theory may be able to model population and real

wages developments as an approximation for income per capita quite well

in a long-run perspective, nevertheless it lacks in modeling the causalities.

Linking population developments solely to fertility decisions which are based

on technological progress via its short run effect on income per capita can’t

sufficiently explain England’s pre-industrial population history.

Population induced technological progress combined with the Malthusian

mechanism leads to gradually increasing technological progress, which causes

the emergence of the Industrial Revolution within the Galor-Weil model.

However, the link between the population size and technological progress is

a so-called black box, which means that the mechanism hasn’t been modeled.

There are several potential mechanisms linking the size of the population to

technological progress of which the link via the supply of innovative ideas,

the demand for new technologies and the division of labor are the most

promising ones. However, empirically ”there is no general tendency for tech-

nological progress to accelerate as population increases” as Crafts and Mills

(2009, p.14) emphasize, though the link can only hardly be estimated due

to problems of endogeneity, data availability and approximation problems.

Nevertheless, it can be concluded that theoretically, population size induced

technological progress as a trigger for the Industrial Revolution may work

best via the demand mechanism. The population size induced demand for

new technologies does, however, only work if enough labor demand is gen-

erated in order to counteract the downward pressure on the relative price of

labor by increased labor supply. The increase in the size of the population as

the single argument for a rising labor demand isn’t sufficient. Therefore, the

Unified Growth Theory isn’t able to explain the reasons for England’s high

real wage economy, which may lead to demand induced technological progress

like it has been shown by Allen (2009). Regarding the supply mechanism it
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seems that institutional factors have played a more important role than the

size of the population. The comparison between England and China, which

had a much larger population as well as a very high population density, shows

that it’s very doubtful to explain the emergence of the Industrial Revolution

through the positive effect of the population size on the supply of innovative

ideas. As Lin (1995) has pointed out institutional factors with regard to the

innovation process are of key importance in order to explain the different

developments. The Galor-Weil model clearly lacks in explaining these dif-

ferences as England wouldn’t have been the first country to industrialize if

the population size had been the sole driver for technological progress. More-

over, it has been argued that population density may be a better explanatory

variable for technological progress within the setting of the Unified Growth

Theory. A stronger focus on population density in combination with the

presented argument of relative real input costs, which follows Allen (2009),

as demand-induced technological progress may work best in the black box

of the Unified Growth Theory. However, the labor demand effects have to

be considered when using this approach. Furthermore, the implementation

of population as a scale effect lacks of precision. Therefore, a much more

detailed mechanism linking population to technological progress would have

to be implemented which needs to account for incentives to innovate as well

as to implement new technologies.

The Unified Growth Theory claims to be a model skeleton, which means that

additional explanatory variables and mechanisms can be incorporated.(Galor

and Snowdon, 2008, p.126) Hence, the Unified Growth Theory may be ex-

panded in order to increase its explanatory power with regard to the emer-

gence of the Industrial Revolution. Therefore, the ’Enlightened Economy’

theory by Mokyr has been implemented through the model expansion, which

has been proposed by Galor (2010). This has shown that an expansion with

respect to some raw elements of Mokyr’s theory is possible, but that the

relationship between useful knowledge and technological progress as well as

its dynamic can’t be incorporated without changing the baseline model of

the Unified Growth Theory. Modeling the transmission process of knowledge

from propositional knowledge to prescriptive knowledge and from prescrip-
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tive knowledge to the adoption of the techniques which are known would

be necessary to account for the mechanisms within the ’Industrial Enlight-

enment’ approach. Otherwise, the model won’t be able to account for the

explanatory power for the Industrial Revolution, which this theory comprises.

It has been shown that the Unified Growth Theory has some severe prob-

lems in explaining the British Industrial Revolution in several aspects of the

model. However, modeling the emergence of the Industrial Revolution en-

dogenously is a difficult task as the mechanism used has to assure zero growth

rates of incomer per capita in the pre-industrial period as well as a transi-

tion to sustainable positive growth of income per capita via the Industrial

Revolution. The mechanism used to model the long term zero trend in the

pre-industrial period does, therefore, predetermine the driver for technologi-

cal progress at the emergence of the Industrial Revolution. Hence, within the

Unified Growth Theory the Malthusian mechanism predetermines the use of

some driver for technological progress which is linked to the population. Fur-

ther research in modeling the pre-industrial stagnation focusing on different

mechanisms may, therefore, enable to use drivers for technological progress,

which are more suitable to explain the British Industrial Revolution.
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Part V

Appendix

Zusammenfassung

Die Unified Growth Theory ist eine endogene Wachstumstheorie, die den

Übergang von einer Epoche stagnierenden Wirtschaftswachstums zu einer

Epoche des nachhaltigen Wirtschaftswachstums innerhalb eines Modells dar-

stellt. Eine Komponente der wirtschaftlichen Transformation zur Epoche des

nachhaltigen Wachstums stellt die Industrielle Revolution dar, welche sich

durch beschleunigten technologischen Fortschritt auszeichnet. Die Mecha-

nismen, welche zu dieser Beschleunigung führen, sind im Modell verankert

und wirken bereits in der Stagnationsphase. Demnach erklärt die Unified

Growth Theory die Industrielle Revolution als endogenen Prozess der wirt-

schaftlichen Entwicklung, dessen Entstehungsgründe nicht exogen, sondern

von den Modellmechanismen bestimmt sind. Neben dem positiven Einfluss

des Humankapitals fördert auch die Bevölkerungsgröße den technologischen

Fortschritt. Wie genau sich diese beiden Einflussgrößen positiv auf den tech-

nologischen Fortschritt auswirken bleibt innerhalb der Unified Growth The-

ory jedoch ungeklärt. Weiters erlangt das Humankapital erst durch die In-

dustrielle Revolution Bedeutung für den technologischen Fortschritt, sodass

nicht nur die Industrielle Revolution als Ereignis in der wirtschaftlichen En-

twicklung zum nachhaltigen Wirtschaftswachstum an Wichtigkeit gewinnt,

sondern auch die Bevölkerungsgröße als einziger Wachstumstreiber in der

Epoche des stagnierenden Wirtschaftswachstums berücksichtigt wird. Um

das Aufkommen der Industriellen Revolution innerhalb der Unified Growth

Theory darstellen zu können, bedarf es demnach einer Erklärung des Zusam-

menhanges zwischen der Bevölkerungsgröße und dem technologischen Fort-

schritt sowie der Mechanismen, welche in der vorindustriellen Epoche zur

Stagnation des Wirtschaftswachstums führten.

In der Unified Growth Theory wird ein malthusianischer Mechanismus ver-

wendet, um die vorindustrielle Stagnation zu modellieren. Die positive Reak-
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tion der Bevölkerungsgröße auf steigendes Realeinkommen führt zu langfristig

konstanten Realeinkommen bei steigender Bevölkerungsdichte. Der mod-

ellierte malthusianische Mechanismus wird durch die Empirie jedoch nicht

so eindeutig bestätigt. Empirische Studien, wie jene von Crafts und Mills

(2009), zeigen am Beispiel Englands, dass malthusianische Mechanismen an

Bedeutung verlieren, je weiter die Beobachtungsperiode zur Industriellen

Revolution ausgeweitet wird. Der Anpassungsmechanismus über die Fer-

tilität bleibt jedoch länger erhalten als jener der Mortalität. Dies unter-

mauert den Fokus auf die Fertilität innerhalb der Unified Growth Theory.

Der Zusammenhang zwischen der Bevölkerungsgröße und dem Reallohn, als

Approximation für das Realeinkommen, ist dennoch komplexer als es der

malthusianische Mechanismus innerhalb der Unified Growth Theory sug-

geriert.

Aufgrund der Modellierung der dämpfenden Effekte unter Verwendung des

malthusianischen Mechanismus, bedarf es einer Bevölkerungskomponente als

Wachstumstreiber um die Industrielle Revolution endogen sowie graduell

darstellen zu können. Die Bevölkerungsgröße kann auf verschiedenste Weise

positiv auf den technologischen Fortschritt wirken, wobei das Angebot an in-

novativen Ideen, die Nachfrage nach Innovationen und der Spezialisierungs-

grad die stärkste theoretische Fundierung aufweisen. Im Falle der Ersten In-

dustriellen Revolution in England erscheint das Angebot an innovativen Ideen

als minder ausschlaggebend, der Mechanismus über die Nachfrage nach Inno-

vationen kann jedoch zur Erklärung des Aufkommens der Industriellen Rev-

olution in England beitragen. Der Fokus auf die Bevölkerungsdichte scheint

jedoch dennoch zweckmäßiger als der Fokus auf die Bevölkerungsgröße, da

dadurch unter anderem der Spezialisierungsgrad eher erhöht werden kann.

Dieser ist auch notwendig um bei steigender Bevölkerungsgröße einen Anstieg

der Arbeitsnachfrage erklären zu können ohne dem der Mechanismus über

die Nachfrage nach Innovationen nicht funktioniert.

Der technologische Fortschritt bleibt jedoch im Fall der Industriellen Rev-

olution in England unzureichend modelliert. Eine Modellerweiterung um

Mokyrs alternativen Ansatz zur Erklärung des technologischen Fortschritts in

die Unified Growth Theory aufzunehmen, verbessert zwar dessen Erklärungs-
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kraft, wird jedoch der Vielschichtigkeit des Ansatzes nicht gerecht. Dies

würde einer weiter reichenden Modellerweiterung bedürfen.

Trotz der zahlreichen Probleme der Unified Growth Theory in Hinblick auf

die Erklärung der Industriellen Revolution in England, muss dieser neue

Ansatz gewürdigt werden. Es wurde gezeigt, dass die Unified Growth The-

ory mehrere Komponenten zur Erklärung des technologischen Fortschritts

aufzunehmen hat, dies jedoch mittels der vorgeschlagenen Modellerweiterung

nur unzureichend gelingt. Diesbezüglich muss der technologische Fortschritt

in seinem Kern besser erfasst werden. Weiters bedarf es der Erforschung

alternativer Möglichkeiten die Stagnation in der vorindustriellen Epoche zu

modellieren, um andere wesentliche Wachstumstreiber abseits der Bevölke-

rungsgröße zulassen zu können.
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