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Abstract

Technological progress is unarguably instrumental in order for an economy to make

the transition from primitive to advanced stages of economic development. Yet, what

are the forces driving improvements in technology along this long transition? To ad-

dress this question we propose a theory of technological progress in the long run based

on small-scale innovations by individual agents. We study its implications in the con-

text of a uni�ed growth model and argue that our innovation-based theory implies

that both the rate of technological progress and also the timing of the transition from

stagnation to growth depend crucially on what incentives the economic environment

provides to agents to engage in innovation activities. We also discuss how our theory

compares with a theory of technological progress based on learning-by-doing and how

it can help us account for the diverging paths of various regions of Europe in terms of

economic development.
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Technological progress is like a �ower; unless the environment is �just right�

technological progress will whither or yield weak �owers. (Mokyr, 2003, p. 41)

1 Introduction & Overview

During the last decade the �eld of economic growth has witnessed an important paradigm

shift. The traditional focus on theoretical models aimed at capturing the stylized facts

of growth in modern developed economies has gradually given way to theories which are

consistent with the whole process of human economic development. This led to a new

generation of models, which are typically referred to as uni�ed growth models, characterized

by the property that their equilibrium paths can encompass, apart from the relatively recent

phenomenon of sustained increases in per capita income, also the long-period of economic

stagnation that dominated most of recorded human history as well as the transition between

the two aforementioned regimes.

One of the main reasons for the growing appeal of this new paradigm is the possibility

that it provides to capture the entire historical process of economic development, from pre-

industrial to modern times, within a single framework. To achieve this growth theorists had

to intertwine key features of neoclassical growth theory -pioneered by Robert Solow- where

increases in per capita income are driven by the accumulation of factors of production, with

elements of Thomas R. Malthus� theory of population dynamics, where the expansion of

resources in an economy leads to a larger but not richer population. Thus, this advancement

eliminated the need to resort to di¤erent types of models in order to explain the current as

well as the historic growth paths of various countries or regions across the globe.

Typical examples of uni�ed growth models include those by Galor and Weil (2000),

Hansen and Prescott (2002), Lucas (2002), Doepke (2004) and Voigtlaender and Voth (2006).

Although these models ultimately highlight di¤erent mechanisms that can account for a more

or less endogenous transition from the initial Malthusian environment of economic stagnation

to an environment with sustained increases in per capita income, they all share a common
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theme. This common theme is associated with the presence of a slow-moving technological

progress, which over time encourages the accumulation of one or more factors of production

and eventually permits the shift from a labor-intensive mode of production to a capital

intensive one1.

Yet, despite the important role reserved for technological progress in this long transition,

most uni�ed growth models -including the ones mentioned above- do not deal explicitly with

the actual determinants of technological progress. Instead, some authors resort to simple

feedback rules such as Galor and Weil, who assume that the state of technology improves

mechanically as a result of the economy growing in size and economic agents becoming better

educated. Other authors, including Hansen and Prescott or Voigtlaender and Voth, abstract

even more and treat technological progress as a process exogenous to their models. This

approach, however, leaves open the following question. If technological progress is what

in the end permits the transition from economic stagnation to sustained economic growth,

where does this technological progress originate from?

This question, we believe, is an important one, given the fact that in the long run economic

growth goes hand in hand with technological progress, and it will be exactly the one will try

to address in this paper. Moreover, we think that treating technological progress as a black

box �to use the metaphor of Joel Mokyr- is a methodological stance which is much harder to

justify nowadays compared to the time when Solow made his contributions to the �eld. This

is particularly true in light of all the attention that the relationship between the evolution

of technology and the process of economic growth has received in the various strands of the

literature on endogenous growth during the past twenty years.

In addition to the concerns raised above, several prominent economic historians have

recently criticized the literature on uni�ed growth particularly due to this abstraction from

the determinants of technological progress. This is because, according to Mokyr (2007), any

successful theory of the industrial revolution should �rst of all provide an explanation for

1To be fair to all the authors mentioned above, the term capital here should be interpreted in its broad
sense, incorporating the notions of physical, human as well knowledge capital.
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the continuing improvements in the level of technology and this, as Allen (2006, 2007) has

emphasized, requires more focus on the �sources of invention.�Moreover, this explanation

can not simply rely on a positive link between the state of technology and the level of

population, given its inconsistency with the historical facts from Europe and other parts of

the world (Crafts (1995), Crafts and Mills (2009)). Finally, as pointed out by Mokyr and

Voth, it is exactly these �rst increases in the rate of technological progress that are the most

puzzling: �. . .while human-capital based approaches hold some attractions for the period after

1850, [in the absence of a proper theory of long-run technological progress] few growth models

have much to say about the �rst escape from the low growth regime that survives contact with

the basic facts in economic history.� (Mokyr and Voth (forthc.))

To address this shortcoming in the literature, in what follows, we will propose a theory

of technological progress in the long run based on an explicit innovation process. We will

specify exactly how innovation takes place in the economy and how it feeds back to the econ-

omy�s growth rate. Hence, our theory will share many of the features of innovation-based

growth models, like those of Romer (1990), Grossman and Helpman (1991) and Aghion and

Howitt (1992). Yet, given our focus which is on the whole process of human economic devel-

opment, we are going to abstract from modern research and development activities and will

instead think of innovations as coming from a primitive, although deliberate, experimenta-

tion process2.

This primitive innovation model will then be embed within a larger uni�ed growth model

incorporating the typical features of long-run growth models. The economy will start o¤ in

a Malthusian state where the presence of a �xed factor of production will lead to decreasing

returns to labor. The size of the population will be endogenously determined based on the

fertility choices of individual agents. Parents will be facing the typical Beckerian trade-o¤

between investing in the quantity or in the quality of their children. Finally, to account for

the demographic transition, we will follow Galor and Weil (2000) and postulate rising returns

2Since this will be an important assumption in our model we will return to it in Section 2 to assess its
validity.
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to human capital accumulation in an environment of accelerating technological process.

Hence, our main departure from the standard uni�ed growth setup will come exactly in

our assumption of technological progress stemming from the decisions of individual agents to

engage in innovation activity in the form of simple experimentation. This experimentation

process will carry bene�ts for the agents, as it can result in productivity enhancing innova-

tions. However, these bene�ts will not come for free, but at the cost of foregone wages that

agents could have earned, had they spend their time in production instead. Hence, retaining

the main insights of innovation-based growth models, in our model the decision to engage

in technological innovation will be made after a careful weighting of the resulting costs and

bene�ts.

This last statement, though, has an immediate consequence. Each economic agent will

only decide to engage in experimentation if and only if the bene�ts that he or she can reap

from this activity exceed the resulting costs. On the other hand, if these costs are too high

or the resulting bene�ts too low, nobody will choose to experiment and hence there will be

no new innovations. This means that, under our assumption of all technological improve-

ments having to come from individual innovations, our model will feature the possibility of

a growth trap. This trap will arise in economies where the environment is not conducive to

innovative activities and where, as a result, there will be no incentives for anyone to engage

in experimentation that would improve the existing level of technology.

Aside from the possibility of a growth trap though, our model highlights an important

link between the underlying institutional structure of the economy and its long-run growth

potential. This is because economies where agents have stronger incentives to engage in the

creation of new technologies will end up generating more productivity enhancing innovations.

This will result in a faster pace of technological progress and an earlier onset of the transition

out of Malthusian stagnation. On the other hand, in economies where the incentives for

agents to engage in experimentation are weak, the pace of technological improvement will

be slower and, as a result, Malthusian stagnation will persist for a longer time.

To make this point clearer, we perform a simple calibration exercise. We assign numerical
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values to the parameters of our theoretical model and simulate the time path of the economy

to see how di¤erences in institutional features can a¤ect the timing of the demographic

transition and the emergence of sustained economic growth. As our quantitative results

demonstrate, this e¤ect can be quite large. This is because, small changes a¤ecting the

decisions of individual agents to engage in experimentation can over time have a large impact

on the growth rate of technology and hence lead to a much earlier or later advent of what

Galor and Weil (1999) refer to as the modern growth regime.

Of course, in a given economy the incentives that individual agents face to engage in

innovation activities may not necessarily be uniform across di¤erent sectors, but might vary

from sector to sector. To account of that, a second step in our analysis is to look into the

extent to which the emergence out of Malthusian stagnation can come from a dynamic sector

of the economy, in which innovation activity is well rewarded compared to the remaining

sectors of the economy.

To capture this possibility we extend our analysis to the case of an economy with two

productive sectors, an agricultural one, operating under diminishing returns to scale, and a

manufacturing one operating under constant returns. Moreover, to bring our model closer

to the realities of economic development, we consider the output of the agricultural sector

to be the basic subsistence good that the people need to consume.

Using this augmented setup, we investigate how di¤erences in the underlying incentives

to individual innovators can a¤ect the timing of the demographic transition in the two-sector

economy. Here, our main conclusion turns out to be that the transition out of Malthusian

stagnation requires, �rst of all, strong incentives for innovation in the agricultural sector.

This is because in a Malthusian environment the size of the manufacturing sector is typically

constrained by the size of the agricultural sector and its expansion can only come from

increases in the agricultural surplus channeled towards manufacturing.

This conclusion is also con�rmed in the calibration of the two-sector variant of our model.

Speci�cally we show that, institutional improvements a¤ecting the incentives of agricultur-

alists to engage in innovation activities are, ceteris paribus, more important than similar
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improvements in the manufacturing sector. This last exercise is reminiscent of an old de-

bate in development economics regarding the importance of agricultural productivity for the

emergence of industrialization, with our results coming closer to the more integrated vision

of agriculture�s role �rst suggested by Johnston and Mellor (1961) and Schultz (1964).

Of course, there is an alternative view to our theory of technological progress in the long

run. This view is associated with the notion of learning-by-doing, according to which the

creation of technological improvements is simply a by-product of the production process.

Hence, according to that view technological progress does not require taking time o¤ from

working, and thus, agents do not really need any particular incentives to engage in it. Instead

of that, the learning-by-doing view emphasizes the importance of the economy�s size for

technological progress, as in larger economies the greater scale of production will lead to the

creation of more technological improvements.

To contrast our innovation-based theory with the one based on learning-by-doing, we turn

to historical evidence from development in pre-industrial Europe. Particularly, we focus on

the rates of urbanization across several European countries, which provide a good proxy for

the level of development prior to industrialization. Using these data, we �nd a positive and

signi�cant e¤ect of particular institutional characteristics e¤ecting incentives for individual

innovation on the time path of urbanization. Moreover, we document that this e¤ect survives,

even when the di¤erences in the size of individual economies are accounted for. Thus, we

treat this �nding as evidence supporting the link between innovation-promoting institutions

and technological progress in the long run that our innovation-based theory emphasizes.

The remainder of this paper is organized as follows. In Section II we present evidence

on the evolution of technology in industrial and pre-industrial societies, which we then use

to motivate our description of the innovation process. The variant of our model with one

productive sector is presented in Section III. We �rst analyze the model and then simulate

its dynamic equilibrium path. Afterwards we turn in Section IV to the analysis of a variant

with two productive sectors, which we also calibrate and simulate. Finally, the last section

is devoted to a brief discussion of the historical evidence from Europe and the presentation
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of our empirical results. We close with a few concluding remarks.

2 Technological Progress in Pre-Industrial Times

In today�s world, people tend to associate technological innovations with the notion of re-

search and development activities. This is natural given that such activities, devoted to the

solution of a particular technical problem, have in fact produced most of the major innova-

tions of our times. Yet, this type of activities, typically undertaken by teams of scientists or

researchers in universities, large corporations or government laboratories, is mainly a feature

of modern developed economies, that can a¤ord to allocate large amounts of resources for

such purposes. It was de�nitely not the way in which technology was advancing for most of

human history3.

In pre-industrial, as well as early industrial societies, technological improvements were not

the outcome of sophisticated research and development activities, but rather the results of a

simple experimentation process undertaken independently by various individuals. As Allen

simply put it: "Invention occurred either inadvertently, or through low budget tinkering."

(Allen (2007)) The people involved into the process did not always have a clear goal in

mind, nor the luxury of devoting themselves entirely to experimentation. Hence, most of

the resulting innovations were of small scale and magnitude. Still, over time, these "micro-

inventions", as they are often referred to4 (Mokyr (1990)), resulted in large cumulative e¤ects

in productivity5 (Mokyr (1993)).

One of the typical examples of an important technological advancement that emerged

out of a series of simple experiments is the well-known Norfolk system of crop rotation. The

3Edison�s research lab in Menlo Park is generally considered the �rst modern �invention factory� and
opened in 1876. Rosenberg and Birdzell (1986, ch.8) provide a brief overview of the rise of the modern R&D
lab and note that it only began after 1875.

4Mokyr de�nes "microinventions as the small, incremental steps that improve, adapt, and streamline ex-
isting techniques already in use, reducing cost, improving from a function, increasing durability, and reducing
energy and raw material requirements. Macroinventions, on the other hand, are those inventions in which a
radical new idea, without clear precedent, emerges more or less ab nihilo." (p.13).

5As Mokyr notes on p. 33: �The key to the British technological success was that it had a comparative
advantage in microinventions.�

8



Norfolk system is a four-course crop system where wheat is grown in the �rst year, turnip in

the second, barley in the third, and clover combined with ryegrass in the fourth6. The main

advantage of this particular rotation system over alternative systems lies in the elimination of

the unproductive fallow year, which was a common practice until the end of 18th century. In

addition to that, clover and turnip have positive e¤ects on the quality of the soil improving

its structure as well as its nitrogen content. Moreover, they can both provide fodder for

animals which allowed for more livestock to be kept on farms and additional manure that

could be used as a fertilizer (Overton (1991), Allen (2004)).

Yet, the development of this particular system by farmers in the Norfolk County took

at least 200 years. Most of its components were already known much earlier, but their

successful combination involved a lot of trial and error. Clover came to Britain from Holland

around 1650. Turnip had already been introduced from Flanders during the 16th century

as a garden crop. However, it took British farmers almost 100 years to start growing it

as a �eld crop and use it as fodder and another almost 100 years to integrate it in crop

rotation. Even after the gradual spread of turnips and clover, there was a lot of variation

among farmers in their husbandry methods, rotational and fallowing practices as well as in

the fertilization techniques being used. A 1705-1711 crop-book from a village in Norfolk,

for example, records 312 di¤erent cropping sequences on 493 separate plots (Campbell and

Overton (1993)). This indicates that a common practice of farming had not yet developed,

but farmers rather experimented with di¤erent methods and techniques. Moreover, it took

many more years for the soil improving e¤ects of the new crops to be realized, as farmers at

that time had a very limited understanding of the chemical and biological processes involved.

In spite of the slow development of whole system and its gradual spread across the

English countryside during the 17th and 18th century, it ultimately led to large increases in

agricultural productivity. This is demonstrated in Allen (1991) who simulates output per

acre, labor per acre and output per worker between 1600 and 1800, using Turner�s (1982) and

6For more information on the Norfolk rotation, the reader is referred to Allen (2004), Campbell and
Overton (1991, 1993), Jones (1965) and Overton (1985, 1991).
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Young�s (1768) estimates on grain yields. He shows that farmers had already accomplished

89-95% of the total advances in output per acre and 69-74% of output per worker by 1700.

Moreover, about half of the growth in output per worker was also accomplished before 1700.

Another typical example of an important pre-industrial innovation is the development of

the New Leicester sheep. This development began with Robert Bakewell (1725-1790) who,

when taking over the family farm from his father, introduced the practice of separating male

and female sheep. This allowed him to limit random mating among his livestock and to

focus on selective inbreeding, which allowed him to exaggerate exactly the traits that were

considered as desirable. The New Leicester breed of sheep was the �rst product based on

that approach. Of course, the practice spread and was continued after Bakewell�s death,

resulting in better and better species of sheep, such as, the Border Leicester and Southdown,

which gradually replaced the New Leicester. Yet, the impact was so immense that even

the subsequent theories of Charles Darwin and Gregor Mendel seem to have drawn their

in�uences from these types of experiments that began with Bakewell7.

This view of small-scale experimentation as the driving force behind technological progress

can also be seen in the works of Arthur Young (1741-1820). Young was an agricultural writer

who, on his own farm in Su¤olk, engaged in series of experiments in hope of improving his

knowledge of agriculture. Though unsuccessful in most of his own experiments, he proceeded

to describe his experiences in a handbook titled "A Course in Experimental Agriculture"

(1770a). Additionally, he toured through England and Wales, visiting other farmers who

had invited him to present their experiments to him, which he published in three other vol-

umes with detailed descriptions on the actual resources used, the necessary expenses and

the resulting pro�ts. These projects were not revolutionary, but rather small-scale micro-

inventions, such as the use of sea ooze as a fertilizer or the fattening of oxen with carrots and

oil-cakes (Young, 1770b). The ultimate goal was no other than the dissemination of useful

agricultural knowledge.

7For a detailed discussion on Bakewell experiments, their subsequent di¤usion across Europe and their
connection to Mendel�s theories an excellent reference is Roger Wood and Vitezslav Orel�s Genetic Prehistory
in Selective Breeding: A Prelude to Mendel.
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To understand these historical facts better, we need a theory of technological progress

that emphasizes the simple micro-motives of individual economic agents to engage in exper-

imentation activities in pre-industrial times with the hope of producing useful technological

innovations that would increase their productivity in the future. Thus, in our model we

will treat all agents as being potential innovators and innovations being the outcome of

simple experimentation process. Moreover, we will focus on simple "gap-�lling" -as Mokyr

calls them- micro-inventions which constituted the vast majority of innovations at that time

and which despite their incremental nature contributed to large gains in productivity over

time (McCloskey (1981), Mokyr 1993, MacLeod and Nuvolari (2006)). Finally, we will ab-

stract from additional bene�ts that innovators could earn through a patent system, as in

pre-industrial societies patents were generally quite costly and hard to obtain, while at the

same time most of the micro-innovations were impossible to patent8.

3 The One-Sector Model

Let us now begin our analysis with the construction of a simple one-sector uni�ed growth

model in which technological progress is the outcome of an explicit decentralized innovation

process. The purpose of this simple model is to help us conceptualize better how the micro-

motives that individual agents face can a¤ect the technological innovativeness of a society

and determine its long-run economic development path. Hence, in that aspect our model is

going to be similar to the large class of innovation-based growth models. At the same time

though, given the di¤erent scope of our analysis, which is to capture stylized facts of the

whole process of human economic development, our model will have a basic structure that

parallels those of uni�ed growth models.

8According to MacLeod (1988), obtaining a patent around 1660-1830 required expenses of approximately
£ 100-130 as well as the completion of a cumbersome and costly bureaucratic procedure, which took about
1-2 months. At the same time the granted protection against infringements was rather imperfect. To give an
idea of how expensive those patent expenses were, we should note that £ 100 of that period would be worth
today around £ 120,000, using average earnings as the de�ator (O¢ cer (2009)).

11



3.1 Model Description

Our model economy consists of overlapping generations of households, who work, consume

and raise children. These households constitute the basic unit of analysis and comprise one

adult agent together with his or her o¤spring. Time -denoted by subscript t- is discrete,

extending from an initial period 0 to in�nity with each generation of agents living for just

two periods. In their �rst period of life, childhood, we assume that agents do not engage in

any economic decision-making and simply consume a fraction of parental time. In the second

period of life though, adulthood, agents are active decision-makers who have to decide on

the allocation of their time between working, child-rearing and experimenting9.

Let Lt be the mass of agents entering adulthood in period t: This mass constitutes the

labor force of the economy for that period. Yet, before engaging in production, each of

these agents can decide independently to engage in some sort of primitive experimentation

activity in the spirit of what we outlined in the previous section. The goal of this activity

is to improve upon the current level of technology At; which the agents inherited from the

previous generation.

This experimentation, though, is not costless, since the time that agents spent experi-

menting has to be taken o¤ from working and child-rearing. Thus, agents can not devote

themselves entirely to experimentation, as they also need to work in order to provide them-

selves and their families with at least the means for their subsistence. This means that each

agent will devote to experimentation only some fraction !t of his or her total available time,

which for simplicity we normalize to 1: The output of this experimentation process will be

an innovation of magnitude �t which depends on the fraction of time spent !t; the human

capital ht of the agent, and some �xed economy-wide factor B :

�t = B(ht)
�!t: (1)

This is because the productivity of experimentation is a¤ected by intrinsic characteristics

9Given that in each household there is one active decision-maker, in what follows we will be often inter-
changing the terms household and agent.
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of the agent, as well as overall socio-institutional characteristics of the economic environment

in which the agents operate. The latter are captured in the factor B which accounts for both

the formal institutional features that the Northian literature has emphasized (North (1981),

North and Weingast (1989)) and for the relatively informal ones, in the spirit of Greif (1993,

2006), which can in�uence the decision of individual agents to engage in experimentation

activities. For the exponent � we assume it to be strictly between 0 and 1; although this will

be of limited importance for the agents�decisions, given that their level of human capital is

based -as we will show later on- on decisions made by their parents10.

Once the experimentation phase is over, agents split the rest of their time between pro-

ductive and child-rearing activities. For the moment we will suppose that there is only one

productive sector in the economy producing the unique �nal good Yt with the technology,

Yt = AtH
�
t X

1��; (2)

where the two inputs correspond to land X and e¢ ciency units of labor Ht: Hence, the pro-

duction function is characteristic of a traditional agricultural sector. At denotes the current

level of total factor productivity level, while � 2 (0; 1) captures the relative importance of

the �xed factor.

Rewriting the production function in per capita terms, we obtain the expression,

yt = Ath
�
t x

1��
t ; (3)

where yt = Yt
Lt
corresponds to output per capita, ht = Ht

Lt
to the average level of human

capital and xt = X
Lt
to the inverse of population density. To avoid dealing with the issue of

property rights over land, we follow Galor and Weil (2000) and assume that the return to

land is zero and hence workers earn their average rather than their marginal product. This

10A natural element of any experimentation process that is missing from our treatment is, of course,
uncertainty. This is an abstraction that we consciously made in order to simplify the exposition of the
model, but which could be easily incorporated in the current setup, as we actually did in an earlier version
of this paper. Given, though, that the introduction of uncertainty will have no e¤ect on our main results, in
what follows we will simply treat the experimentation process as being purely deterministic.
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means that:

wt =
yt
ht
= At(

xt
ht
)1��: (4)

Technological progress is driven by individual innovations, which -as we discussed above-

are the result of each agent�s experimentation activities. Given the decentralized and un-

coordinated nature of the experimentation process, though, these innovations could either

be substitutes or complements. Thus, we take Zt; the overall technological improvement in

period t, to be the power mean of all individual innovations �t; namely

Zt = [

LtX
i=1

(� i;t)
"]
1
" ; (5)

where " is capturing the degree of complementarity or substitutability and can in principle

take any value. This overall technological improvement determines the level of technology

in the next period:

At+1 = At + ZtAt: (6)

Yet, the di¤usion of technology within the economy is not instantaneous. Instead of that,

we assume that all new innovations will be freely available to all agents only with one period

delay. As a result, in the current period t; we suppose that each agent has access to just

the level of technology inherited from the previous generation, At; with the addition of any

new innovation, �t; that he or she alone came up with. Let us de�ne this particular level of

technology as:

A0t = (1 + �t)At: (7)

This means that the wage earned by each individual agent will be given by:

w0t = A
0
t(
xt
ht
)1�� = (1 + �t)At(

xt
ht
)1�� = (1 + �t)wt: (8)

Regarding the evolution of human capital, we follow the approach of Galor and Weil

(2000), who assume that the level of human capital of each adult agent depends on the
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amount of education received in the �rst period of life as well as the rate of technological

progress between the two periods. Speci�cally, Galor and Weil treat the per capita level of

human capital, ht; as an increasing and concave function of its level of education, et; and

as a decreasing and convex function of the economy�s rate of technological progress, gt11.

Moreover, this adverse e¤ect of technological progress is assumed to be the smaller, the

higher is the level of education. Thus, for a human capital formation function,

ht = h(et; gt) > 0; (9)

the described assumptions correspond to he(�) > 0; hee(�) < 0; hg(�) < 0; hgg(�) > 0^heg(�) >

012.

Having described the production sector of the economy, we now turn to the problem

of each individual household head, who is an adult agent with a unit time endowment at

his or her disposal. This unit time endowment has to be divided between working time,

child-rearing time as well as experimentation time, in such a way that would maximize the

agent�s utility function:

ut = (ct � ~c)1�
(ntht+1)
: (10)

Here, ct denotes agent�s current period consumption and nt the chosen number of children13.

The exponent 
 2 (0; 1) captures the relative importance of the two components for the

agent�s utility, while ~c > 0 corresponds to the level of subsistence below which an agent�s

consumption can not be reduced any further. This covers the amount of food that is ab-

11The former assumption seems intuitive in the presence of decreasing returns to education. The latter is
justi�ed by the "erosion" e¤ect which was �rst suggested by Schultz (1964). For more details on the reader
is referred to the discussion in Galor and Weil (2000).
12The assumption that h(�) > 0 can be justi�ed with the existence of a basic level of cognitive skills

that even an uneducated individual would possess. Particularly we will assume that h(0; gt) > 0 and that
limgt!+1 h(0; gt)! 0:
13Note that we are using the typical Beckerian utility function. According to Becker the second term

captures either a notion of intergenerational altruism or implicit concerns for old age support. For more
details on this type of utility functions, the reader is referred to Becker (1960), Becker and Lewis (1973),
Becker, Murphy, and Tamura (1990) as well as the discussion in Galor (2005).
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solutely necessary for the agent to avoid hunger, though, as Galor (2005) and Voigtlaender

and Voth (2006) point out, this could be more than the amount he or she actually needs to

survive.

To construct the corresponding budget constraint, let us begin by observing the house-

hold�s potential income. This is the income that the household could earn if the adult agent

devoted his whole unit time endowment to just work, in which case he or she would simply

earn yt: Let us then de�ne the household�s conditional potential income zt as the potential

income of a household whose adult agent has already spent a fraction !t of its unit time

endowment experimenting:

zt � (1� !t)w0tht = (1� !t)(1 + �t)wtht = (1� !t)(1 + �t)yt: (11)

From the above expression it is easy to see that agents will only engage in experimentation

whenever:

(1� !t)(1 + �t) � 1() (1� !t)[1 +B(ht)�!t] � 1: (12)

If this is not the case, this means that the time cost of experimentation exceeds the bene�t.

Hence, no agent will devote any time to experimentation and as a result there will be no new

innovations. This is an important observation to which we will return later in the section.

Yet, agents also devote time to child rearing. Suppose that the time cost for an adult

agent of generation t of raising one child with educational level et+1 is � q + � eet+1; where � q

corresponds to the �xed time cost of rearing one child and � e to the unit cost of education.

If the number of children raised is nt; then the agents�s consumption, ct; is constrained by:

ct � zt[1� nt(� q + � eet+1)]() ct � (1� !t)(1 + �t)yt[1� nt(� q + � eet+1)]: (13)

Given the above constraints, each adult agent has to choose his or her optimal level of

consumption, ĉt; determine the optimal number of children, n̂t; and decide on their level of
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education êt+1 such that his or her level of utility, conditional on having spent fraction !t

of his or her time experimenting is maximized. Thus, each agent must solve the following

optimization problem:

maxf!t;ct;nt;et+1g ut = (ct � ~c)1�
[nth(et+1; gt+1)]


s:t:

8>>>><>>>>:
(1� !t)(1 + �t)yt[1� nt(� q + � eet+1)] � ct

(1� !t)[1 +B(ht)�!t] � 1

(ct; ni;t; et+1) � 0 ^ 1 � !t � 0

9>>>>=>>>>;
(14)

Let us �rst consider the optimal choice for !t: From the �rst-order condition we obtain

that:

!̂t =
B(ht)

� � 1
2B(ht)�

=
1

2
� 1

2B
h��t :

This is of course provided that the constraint (1 � !t)[1 + B(ht)�!t] � 1 is not binding14.

If this is not the case, though, the agent should simply choose !̂t = 0: Thus, the optimal

fraction of time that each agent devotes to experimentation activities can be summarized as:

!̂t = !(ht) =

8><>: 0 if ht < B
� 1
�

1
2
� 1

2B
h��t if ht � B�

1
�

9>=>; : (15)

Substituting these values into (1) we obtain the corresponding magnitude of each individual

innovation:

�̂t = �(ht) =

8><>: 0 if ht < B
� 1
�

1
2
[B(ht)

� � 1] if ht � B�
1
�

9>=>; : (16)

Turning now to the optimal solution for et+1; we have that this will be governed by the

14Note that the above solution has the appealing properties of being an increasing and concave function
of the agent�s level of human capital: d!

�
t

dht
> 0 ^ d2!�t

dh2t
< 0:
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�rst order condition,

G(et+1; gt+1) � [(� q + � eet+1)he(et+1; gt+1)� � eh(et+1; gt+1)] � 0;

with the proviso that et+1 = 0 if G(et+1; gt+1) < 0: This is the same �rst-order condition as

in Galor and Weil (2000). Hence, using the Implicit Function Theorem we can verify the

existence of a strictly positive and monotonically increasing implicit function e0(�) such that:

êt+1 = e(gt+1) =

8><>: 0 if gt+1 � g�

e0(gt+1) if gt+1 > g�

9>=>; (17)

where g� > 0: Thus, the optimal choice of each adult agent regarding the education of his or

her o¤spring is independent on the household�s income and is only in�uenced by the pace of

technological progress.

Finally, the optimal solutions for the number of children nt and the agent�s consumption

ct can be easily computed from the corresponding �rst-order conditions, which yield:

n̂t =



� q + � ee(gt+1)
(1� ~c

[1� !(ht)][1 + �(ht)]yt
); (18)

ĉt = (1� 
)[1� !(ht)][1 + �(ht)]yt + 
~c: (19)

The former expression is particularly important as it governs the evolution of population in

the economy given that Lt+1 = n̂tLt: Note that it incorporates the typical Malthusian feature

that as the household�s potential income zt increases, so does the desired number of children.

At the same time though, this number will also depend on the choice that the parent is

going to make regarding the education of his or her o¤spring. Providing better education

to each child can only come at the cost of decreasing the total number of children. Thus,

the child-rearing decision encompasses a trade-o¤ between o¤spring quantity and o¤spring

quality as suggested by the Becker and Lewis (1973).
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3.2 Model Implications

The important novelty of this simple one-sector model lies in the implications that it has

for the economy�s growth path. To understand these implications better, let us brie�y

compare it with the equilibrium path of the Galor-Weil model. In the latter one, the rate

of technological progress is simply assumed to be an increasing and concave function of the

size of the labor force Lt as well as of the overall level of education et; namely,

gGWt = g(et; Lt);

where ge(�) > 0 ^ gL(�) > 0; while gee(�) < 0 ^ gLL(�) < 0: Hence, as the economy increases

in size and its workforce becomes better educated, this will necessarily also lead to a speed

up of technological progress.

Yet, in our model this may not necessarily be the case. The main reason has to do with

the fact that technological improvements here require individual agents to come up with new

innovations, which are the result of a deliberate experimentation process. Since this process

implies a cost for the agents, associated with the time that these agents have to take o¤ from

their other activities, namely working and child-rearing, technological improvements are not

automatic. If the time cost ends up exceeding the bene�t that the agents incur from the

resulting innovation, their rational response will be not to engage in any experimentation

activities at all. As a result, in the current period there will not be any new innovations

produced and consequently no technological progress. Thus, in our model the growth rate

of technology is governed by the following expression:

ĝt+1 =

8><>: 0 if ht < B
� 1
�

1
2
[B(ht)

� � 1](Lt)
1
" if ht � B�

1
�

9>=>; : (20)

Here, it is important to note that under the assumption that " 2 (0; 1) our growth

rate expression has properties similar to the function assumed by Galor and Weil. It is an

increasing and concave function of population and the per capita level of human capital,
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which is an increasing function of education. Nevertheless, this is all provided that the level

of human capital in the economy is above the threshold B�
1
� ; so that agents are willing to

engage in innovation activities. If this is not the case, again, there will be not improvements

to the current level of technology, and hence, gt+1 = 0:

This technological stagnation, though, in the context of the above model, will also have

further adverse consequences as it will also diminish the incentives of adult agents to invest

in the education of their o¤spring. As can be seen from (17), the absence of any technological

improvements between periods t and t+ 1; will also result in no educational investment for

the currently young generation that will constitute the economy�s labor force in period t+1:

This, according to (9), means that there will neither be any improvement in the per capita

level of human capital ht+1: Therefore, if ht was below the threshold, this will also be the

case for ht+1: This precludes the presence of any technological progress also between the

periods t+ 1 and t+ 2; as hence the economy will end up getting stuck in a growth trap.

This possibility of a growth trap with no technological progress and no investment in

education from which the economy can not escape is a novel feature of our model which con-

trasts the predictions derived from most of the existing uni�ed growth models. Particularly,

one of the common themes in uni�ed growth theory is that the transition from stagnation

to growth is an inevitable outcome of the process of human economic development and will

sooner or later be experienced by all economies. Yet, this prediction stems from models

where technological progress is not the outcome of an explicit innovation process and as we

have just observed this feature of an inevitable transition does not seem to survive in an

innovation-based framework. For this reason, we believe that abstracting from the actual

determinants of technological progress may lead to misleading predictions regarding nature

of the transition from primitive to advanced stages of economic development.

Furthermore, it is important to point out the key role played by the institutional para-

meter B; a larger value of which is associated with an environment that is more favorable to

individual innovators, as we discussed above. A careful observation of expression (20) reveals

that higher values for B will not only have a positive e¤ect on the growth rate of technology,
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in cases where it is positive, but will also lead to a reduction of the threshold value below

which there is no growth. This means that, ceteris paribus, institutional arrangements that

promote individual innovation can in the long-run not only speed up the growth process,

but also diminish the possibility that the economy will end up in a growth trap. This is an

important prediction of our simple theoretical model, which we will now attempt to assess

quantitatively.

3.3 The Time Path of the Economy

To better understand the implications that our model has for the process of economic de-

velopment, in what follows, we will make an attempt to simulate the model economy and

discuss the properties of its dynamic equilibrium path.

3.3.1 Calibrating The Model Parameters

For our quantitative exercise we will rely on the existing body of literature that has focused

on the calibration of the long-transition from Malthusian stagnation to sustained economic

growth, such as Hansen and Prescott (2002), Lagerlof (2006), Voigtlaender and Voth (2006).

Particularly the work of Lagerlof (2006), who provides a calibrated version of the Galor-Weil

model, will provide a useful benchmark for our own exercise. Yet, before we embark on

this quest, it is important to point out that given the absence of precise historical estimates

for our main model parameters, we will need to be cautious regarding the scope of this

exercise. Thus, we would like to emphasize that the purpose of the calibration is mostly to

quantitatively assess the importance of the particular channels -in this case of the e¤ect of

the institutional parameter B- for the economy�s development path, rather than to attempt

a �t of historical data from particular countries or the world as a whole. With this caveat

in mind, let us begin with the description of our parameter choices.

Following the calibration strategy of the aforementioned models, we �rst select the long-

run equilibrium values for the main endogenous variables of the model. Speci�cally, given

that the model economy should eventually converge to what Galor and Weil (1999) refer to
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as the modern growth regime, it must be that these values are consistent with the patterns

observed in modern developed economies. For this reason we consider a long-run value for the

optimal number of children �n of 1; so that the population over time converges to a constant

level. Regarding the long-run value of education �e; we take it to be equal to 0:075; which

corresponds to the approximate share of education expenditure in the national accounts of

most OECD countries. Moreover, we let the rate of technological progress be 2:5% in the

long-run, so that it is consistent with modern growth accounting data.

Turning to the model parameters, we start by seeking values for the time costs of chil-

dren, � q and � e; that do not make child-rearing too "expensive" during the early stages of

development. With this in mind, we normalize the time cost of education � e to 1 as in Galor

(2005), while for the �xed time cost � q; we follow Lagerlof�s suggestion and set it equal to

0:15: Given that, we �x the value of the exponent of children in the utility function, 
; to

0:225; so that it is consistent with our steady state choices of �n = 1 and �e = 0:075:

For the exponent � of e¢ ciency units of labor in the production function, we take a value

of 0:4 following Hansen and Prescott (2002). For �; the exponent of human capital in the

innovation function, we pick a value of 0:2 which lies at the lower bound of the estimates

that Barro (2001) and Barro and Lee (2001) provide for the importance of human capital for

economic growth. Regarding "; the parameter that captures the degree of complementarity

or substitutability of the di¤erent individual innovations, we choose a value of 2: This choice

was made in order to balance out between two important considerations, the need for a

declining role of the scale e¤ect over the course of human economic development on the

one hand, and a limited reliance on the assumption of substitutability of the individual

innovations produced by di¤erent agents in each time period on the other.

In parametrizing the abstract human capital function h(et; gt); hypothesized by Galor

and Weil (2000), we follow Lagerlof (2006), who recommends the choice of,

h(et; gt) =
et + ��

q

et + �� q + gt
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and refer the reader to his article for more details on the virtues of this particular functional

form. Also, as suggested by Lagerlof, we calibrate the parameter � based on our choice of

steady state values for education �e and the growth rate �g: Finally, we normalize the quantity

of land to 1, as in Hansen and Prescott (2002), and do the same for the level of subsistence

consumption ~c:

The last parameter of the model that needs to be calibrated is the institutional parameter

B; which is our main parameter of interest. This is because we are interested in assessing

how small changes in B can a¤ect the time path of the economy, particularly the extent to

which such changes can delay or even derail the transition to sustained economic growth.

Thus, in what follows, we will slightly perturb the value for B around its chosen value.

To begin with, though, we choose a benchmark value for B of 1:5; that together with the

above set parameters allows us to match the stylized facts of total factor productivity growth

summarized in Galor (2005).

Before presenting our baseline simulations results, we also need to set the initial conditions

for our economy. In this we follow again the strategy of Lagerlof (2006) and Voigtlaender

and Voth (2006) and let the economy begin at a "quasi steady state," i.e. in an equilibrium

in which it would remain if there was no technological progress. This, given the nature of our

model, should be a stagnant Malthusian equilibrium with low levels of per capita income. In

such an environment, parents would rationally choose not to invest in the education of their

children, as it is evident from (17). In the absence of any educational investment, we let the

initial level of human capital capture a basic skill level, normalized to 1: We also take n0 to

be equal to 1; so that there is no population growth in the �rst period. Then, we choose z0

based on (18), given our previous choices. The remaining initial values for L0; A0 and g1 can

be obtained simply by combining equations (11), (9) and (20).

3.3.2 Baseline Simulations

Let us now present our baseline simulation results. Figures 1a and 1b present the time path

of the main endogenous variables under the parameter choices discussed above in linear as

23



well as logarithmic scale. Note that the horizontal axis corresponds not to time periods

but to generations, where each generation should roughly be thought as corresponding to 20

years. Hence, the simulated path for our model economy features a long-period of Malthusian

stagnation, of approximately 250 generations, where small increases in the level of technology

are followed by similar increases in the level of the population and almost no change in the

level of per capita income.

[Insert Figures 1a & 1b here]

In spite of this stagnant economic environment, increases in the size of the population

and the fraction of time spent on experimentation will gradually lead to increases in the

pace of technological progress. This means that, over time, the growth rate of technological

progress will accelerate and at some point it will eventually reach the threshold of g� above

which parents �nd it optimal to invest in the education of their children. This is shown in

Figure 2, where the eventual "take-o¤" of per capita income is shown to be associated with

a sudden rise in the fraction of time devoted by parents to educate each child as well as a

decline in the actual number of children.

[Insert Figure 2 here]

The above �gures depict graphically the main mechanism that drives the transition from

economic stagnation to sustained economic growth in the Galor-Weil model. That is a slow-

moving, yet accelerating, technological progress eventually generating a rise in the returns

to human capital, which induces parents to invest in their o¤spring�s education and, given

their limited resources, to substitute child quality for child quantity. However, as we argued

in the previous section, the pace of technological progress in our model depends crucially

on the decision of individual agents to engage in innovation activities, a decision which

is also in�uenced by institutional features of the economic environment, captured in our

simple setup by the parameter B: Thus, changes in B will be re�ected on the growth rate

of technology, since they alter the incentives that each agent as a potential innovator faces.

Yet, the question is, how large can this e¤ect quantitatively be?
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To answer this question we slightly perturb B from its baseline value of 1:5 and observe

the impact of this perturbation on the time path of the economy. Particularly, we focus how

changes in B are re�ected in the number of generations, denoted by t�; that elapse before

the growth rate of technology reaches the crucial threshold g�; above which parents start

investing in the education of their children. The results are displayed in the following table:

B 1 :3 1 :4 1 :5 1 :6 1 :7

t� 381 306 252 212 181

Note that the magnitude of the e¤ect is quite large, with an adjustment of B from a value of

1:3 to a value of 1:7 leading to an earlier advent of the transition by 200 generations and vice

versa. This is because even small improvements in the institutional environment can alter the

behavior of individual agents, who will then be more inclined to engage in experimentation.

More importantly though, when aggregated at an economy-wide level, this adjustment can

contribute to a substantially faster overall pace of technological progress. Furthermore, the

resulting gains in productivity at early stages of development, despite the fact that they

may not raise directly the level of output per capita, will generate increases in the size of the

economy, which will also feed back to the growth rate through the scale e¤ect of population.

Thus, the cumulative e¤ect over time of an otherwise small-scale institutional improvement

can be prove to be quite large.

4 The Two-Sector Model

One of the main drawbacks of the one-sector model presented above, as well as any uni�ed

growth model that includes only one productive sector, is that it can not account for the

structural transformation that takes place as an economy makes the transition from primitive

to advanced stages of economic development. Particularly, from the historical experience of

development in various regions of the globe, we are well aware that development is typically

associated with a gradual shift of economic activity from agricultural to manufacturing,
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rather than simply with the modernization of a backward agricultural sector, as the above

model would predict. Yet, this shift is important for an additional reason. The reason is that,

as the size of the agricultural sector declines, also the constraints imposed on the economy

by the presence of a �xed factor of production, namely land, become less and less binding.

The above observation has lead several economists to the claim that the whole process of

human economic development can be understood as the result of this shift from an agrarian

to a manufacturing-based economy and the associated diminishing role of land for aggregate

production. This view has most recently been emphasized in Hansen and Prescott (2002)

who claim that, "the transition from stagnant to growing living standards occurs when pro�t-

maximizing �rms, in response to technological progress, begin employing a less land-intensive

production process that, although available throughout history, was not previously pro�table

to operate."

However, as we mentioned above, Hansen and Prescott in their analysis treat technolog-

ical progress as exogenous to the economy, an assumption which obscures the interactions

between the structural transformation and the nature of technological progress. Moreover,

as we argued in the previous section, once the link between technological progress and in-

dividual innovations has been established, it becomes evident that di¤erent institutional

arrangements may hasten or hamper the pace of technological improvement. For this reason,

in this section we proceed to augment our simple uni�ed growth model with an additional

sector, where land will not be necessary for production. Using this model, we will make an

attempt to better understand how the changing role of land in the economy interacts with

the incentives of agents to engage in technological innovation and the extent to which the

latter can in�uence the observed transition away from agriculture and into manufacturing

over the course of human economic development.
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4.1 Model Description

The basic structure of the economy in our two-sector model remains identical to that of the

one-sector version. The economy still consists of overlapping generations of households, who

work, consume, raise children and engage in experimentation as before. However, in this case

we allow for two separate productive sectors, an agricultural one operating under decreasing

returns to scale and a manufacturing one operating under constant returns. Moreover, we

let the two sectors also produce two distinct �nal goods which we denote by Y At and Y Mt :

The production technologies for these two goods are given by,

Y At = AAt (H
A
t )

�X1��; (21)

Y Mt = AMt H
M
t ; (22)

where X corresponds to amount of available land, as before, Hj
t to the amount e¢ ciency

units of labor employed by sector j; and Ajt to the current state of technology in sector j:

Maintaining our assumption of a zero return to land, we have the wage rate in both sector

being given by the average product of e¢ ciency units of labor, namely

wAt = A
A
t (

X

htLAt
)1��; (23)

wMt = pMt A
M
t ; (24)

with Ljt denoting the amount of labor employed in sector j
15. Note also that the wage rates

are denominated by the price of the agricultural good, wjt �
W j
t

PAt
and so pMt � PMt

PAt
represents

the price of the manufacturing good relative to that of the agricultural good.

Technological progress in the two sectors is assumed to evolve in a fashion similar to

the one-sector case. Agents employed in each sector can decide to take some fraction !jt
15The absence of a superscript in the per capita level of human capital is not a typo. The reason why ht

does not vary between the two sectors will be clari�ed once we return to discuss the household�s objective
problem.
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of their unit time endowment in order to experiment with the existing level of technology

in their corresponding sectors. This experimentation results in innovations of magnitude

�jt = B
j(ht)

�!jt
16, which individual agents can then utilize to increase their wage per amount

of time to (1 + �At )w
A
t and (1 + �

M
t )w

M
t in the two sectors. As in the one-sector case, we

maintain the assumption that the complete di¤usion of all these new innovations only occurs

with one period delay.

Furthermore, to incorporate interaction between the two sectors, we also entertain the

possibility of positive technological spillovers. Particularly, we assume that technological

improvements in the relatively more advanced sector partially spill over to the less advanced

one in each period at a rate �: Thus, the evolution of technology in sector j is governed by

the expression,

Ajt+1 = (1 + g
j
t+1)A

j
t + �maxf0; Ait � A

j
tg; (25)

with gjt+1 corresponding to the rate of technological progress from innovation in sector j17.

Given the above description, we have that the conditional potential income of a household

whose adult agent works in the agricultural sector and spends fraction !At of his or her time

experimenting should be,

zAt � (1� !At )(1 + �At )wAt ht; (26)

while that of a household whose adult agent is employed in the manufacturing sector and

spends fraction !Mt on experimentation should be:

zMt � (1� !Mt )(1 + �Mt )wMt ht: (27)

16The superscript on the parameter B is added to allow for potential institutional di¤erences between the
two sectors to a¤ect the incentives of agent to engage in experimentation activities. We will comment more
extensively on the importance of such di¤erences in the following section when we are going to simulate the
time path of the economy.
17We would like to emphasize here that the assumption of positive technological spillovers is not essential

for the results of the paper and its purpose is mostly to add realism in the dynamics implied by the model.
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Assuming a competitive economy-wide labor market, we have that the total labor force

of the economy Lt will move between the two sectors to equate the income earned in the

agriculture and manufacturing, i.e.: zAt = z
M
t = zt: Hence, combing the above two equations

with the identity LAt +L
M
t = Lt as well as equations (23) and (24), we can solve for the labor

market clearing condition,

LAt = (
1� !At
1� !Mt

1 + �At
1 + �Mt

)
1

1�� (
AAt

pMt A
M
t

)
1

1��
X

ht
; (28)

as well as the common level of conditional potential income:

zt = (1� !Mt )(1 + �Mt )pMt AMt ht:

This assumption of perfect labor mobility means that children of agricultural workers

may end up working in the manufacturing sector in their second period of life and vice

versa. For this reason, we will also not distinguish between the human capital of children

raised in agricultural households and that of children raised in manufacturing ones. More

concretely, as the o¤spring of each individual agent may end up working in either sector of

the economy, we will consider the dynamics of human capital accumulation as being dictated

by the average rate of technological progress in the economy:

�gt+1 = g
A
t+1

LAt
Lt
+ gMt+1

LMt
Lt
: (29)

Having described the production side of our two-sector economy, let us now turn to the

discussion of the objective problem that each individual household faces. This problem is

slightly more complicated than in the previous case as now households have two �nal goods

to choose from. Speci�cally, given the imperfect substitutability of the agricultural and the

manufacturing good, the relevant variable entering the household�s utility is not the total

amount consumed, but a composite index of the form,
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f[�(cAt � ~c)]� + [(1� �)cMt ]�g
1
� ;

where cjt denotes the household�s consumption level of the �nal good produced in sector j:

The parameter � captures the degree of substitutability between the two goods, while �

denotes the weight that each type of good carries in the agent�s utility. Note also that the

subsistence requirement ~c is re�ected in terms of the agricultural good only.

Combined with this choice between the two goods, the head of each household has to

decide, as before, on how to allocate his or her time endowment among the three possible

activities of working, child-rearing and experimenting. Thus, for households working in the

agricultural their objective problem reads,

max
f!At ;cAAt ;cMA

t ;nAt ;e
A
t+1g
uAt = f[�(cAAt � ~c)]� + [(1� �)cMA

t ]�g
1�

� [nAt h(e

A
t+1; �gt+1)]


;

s:t:

8>>>><>>>>:
(1� !At )(1 + �At )1��wAt ht[1� nAt (� q + � eeAt+1)] � cAAt + pMt c

MA
t

(1� !At )[1 +BA(ht)�!At ] � 1

(cAAt ; cMA
t ; nAt ; e

A
t+1) � 0 ^ 1 � !At � 0

9>>>>=>>>>; ;
(30)

while for households working in manufacturing we have:

max
f!Mt ;cAMt ;cMM

t ;nMt ;e
M
t+1g
uMt = f[�(cAMt � ~c)]� + [(1� �)cMM

t ]�g
1�

� [nMt h(e

M
t+1; �gt+1)]


;

s:t:

8>>>><>>>>:
(1� !Mt )(1 + �Mt )1��wMt ht[1� nMt (� q + � eeMt+1)] � cAMt + pMt c

MM
t

(1� !Mt )[1 +BM(ht)�!Mt ] � 1

(cAMt ; cMM
t ; nMt ; e

M
t+1) � 0 ^ 1 � !Mt � 0

9>>>>=>>>>; :
(31)

Let us begin the analysis of the household�s objective problem with the optimal choice

between the two goods18. Under our assumption of perfect labor mobility, we argued that the

18To clarify the notation used in the above expressions, let us mention that the variable cjkt denotes the
amount of the �nal good of sector j consuamed by households employed in sector k, j; k 2 fA;Mg:
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conditional potential income should be the same in both sectors of the economy. This means

that both types of households end up demanding the same amount from the two goods,

since they earn the same income. Thus, the corresponding demands for the two goods are

as follows,

ĉAAt = ĉAMt = ĉAt =
1� 


1 + ( �
1��p

M
t )

�
��1
zt +




1 + ( �
1��p

M
t )

�
��1
~c+

1

1 + ( �
1��p

M
t )

� �
��1
~c; (32)

ĉMA
t = ĉMM

t = ĉMt =
1� 


1 + ( �
1��p

M
t )

� �
��1

zt � ~c
pMt

: (33)

Similarly, the decisions regarding the optimal number of children as well as their education

are also identical for the two types of households who both choose,

n̂At = n̂
M
t = n̂t =




� q + � ee(�gt+1)
(1� ~c

zt
); (34)

êAt = ê
M
t = êt+1 = e(�gt+1) =

8><>: 0 if �gt+1 � g�

e0(�gt+1) if �gt+1 > g�

9>=>; 19. (35)

The only di¤erences will be in terms of the time devoted to experimentation where -in

the presence of variations in the institutional environment in the two sectors- agricultural

households will choose,

!̂At = !
A(ht) =

8><>: 0 if ht < (BA)
� 1
�

1
2
� 1

2BA
h��t if ht � (BA)�

1
�

9>=>; ; (36)

while manufacturing households will choose,

!̂Mt = !M(ht) =

8><>: 0 if ht < (BM)
� 1
�

1
2
� 1

2BM
h��t if ht � (BM)�

1
�

9>=>; : (37)

For the market of both goods to clear, though, it has to be that the demand coming from
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the two types of households is met by the actual production in both sectors. This requires

that,

Ltĉ
A
t = Y

A
t [1� n̂t(� q + � eêt+1)];

Ltĉ
M
t = Y Mt [1� n̂t(� q + � eêt+1)];

which can be simpli�ed to:

pMt c
M
t L

A
t = c

A
t L

M
t : (38)

This last expression can be understood simply as a requirement that the total value of

the manufacturing goods consumed by agricultural households being equal to the value of

agricultural goods consumed by manufacturing households. Substituting in the demands for

both goods we obtain that,

[
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)zt + 
~c]LAt : (39)

Combining this last expression with the labor marker clearing equation (28) and using the

solution for the households�conditional potential income we obtain a non-linear system of

two equations, which can be solved for the relative price p̂Mt that clears the market as well

as the corresponding amount of labor L̂At that needs to be devoted to agriculture,

p̂Mt = pM(ht; A
A
t ; A

M
t ; Lt);

L̂At = L
A(ht; A

A
t ; A

M
t ; Lt):

(40)

Note that both depend on the current state of technology in both sectors (AAt ; A
M
t ); the total

size of the economy�s labor force Lt; as well as the per capita level of human capital ht:

The above solution, though, may not necessarily be interior. Particularly, given the size
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of the economy�s labor force, the state of technology, and the level of human capital, the

economy might not be able to support a manufacturing sector. This is because in order for

labor to move into manufacturing, the agricultural sector has to be su¢ ciently productive

in order to provide manufacturing workers with the necessary means for their subsistence.

This is a requirement which is independent of the level of per capita income since,

ĉAt �



1 + ( �
1�� p̂

M
t )

�
��1
~c+

1

1 + ( �
1�� p̂

M
t )

� �
��1
~c;

given the market clearing price. Hence, unless 0 � LA(ht; A
A
t ; A

M
t ; Lt) � Lt; the manufac-

turing sector will not be operated and the agricultural sector will absorb the entire labor

force of the economy. Thus, we have that the allocation of labor within the economy can be

described with the following expression:

L̂At =

8><>: Lt LA(ht; A
A
t ; A

M
t ; Lt) > Lt

LA(ht; A
A
t ; A

M
t ; Lt) otherwise

9>=>; ; (41)

L�Mt =

8><>: 0 LA(ht; A
A
t ; A

M
t ; Lt) > Lt

Lt � LA(ht; AAt ; AMt ; Lt) otherwise

9>=>; : (42)

4.2 Model Implications

Although the above described model is too complicated to allow for the presentation of ex-

plicit comparative statics results, it nevertheless allows us to make some concrete inference.

First of all, given the nature of agricultural output as the basic subsistence good, it is clear

that the amount of labor allocated to manufacturing in each period is in fact constrained

by the level of productivity in the agricultural sector. This is because an economy with a

relatively unproductive agricultural sector will need to allocate a larger fraction of its labor

force to that sector in order to cover the needs of its population in the basic subsistence

good. Moreover, the imperfect substitutability of the two goods means that even if manu-
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facturing was highly productive, this could only partially compensate for the low agricultural

productivity.

Over time, though, technological improvements will ease this constraint, as gains in

agricultural productivity will liberate resources that can be channeled toward manufacturing.

Moreover, given our assumption regarding the nature of technological progress, the pace of

such improvements will depend crucially on the institutional environment in the two sectors.

Particularly, it is the institutional characteristics of the agricultural sector that matter the

most for the long-run development path of the economy. This is because, given that the

economy will start o¤ in a predominantly agricultural state, for technological progress to

take place, it is important that the agents employed in agriculture have the right incentives

to engage in experimentation and produce new innovations.

This provides an alternative view of the structural transformation taking place over the

course of economic development compared to that of Hansen and Prescott (2002). Our view

suggests that the absence of manufacturing in the early stages of development is not due

to the fact the manufacturing technology was unpro�table to operate, as emphasized by

Hansen and Prescott, but due to the low level of agricultural productivity. Hence, even if

the manufacturing sector was highly productive and thus pro�table enough to be operated,

a backward agricultural sector could still keep the economy in a low state of development.

Moreover, our theory suggests that a modernization of the agricultural sector should

predate any structural transformation from agriculture to manufacturing. In the Hansen-

Prescott model this is not necessary, as the two sectors are assumed to produce the same

good. Thus, the whole transition is simply a matter of when the manufacturing sector

will become productive enough, regardless of the state of technology in agriculture. Once

this occurs, the whole labor force will gradually switch to that sector and the agricultural

sector will seize to exist. Yet, Hansen and Prescott do not deal explicitly with the actual

determinants of technological progress in the two sectors and how the on-going structural

transformation feeds back to technological progress. This can be captured, though, in our

model; so let us redo our calibration exercise using this time the two-sector model that we
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just outlined.

4.3 The Time Path of the Economy

Given the similarities of the one-sector and the two-sector models, the additional work needed

to calibrate the latter is rather limited. We retain the same long-run equilibrium values

for the main endogenous variables as well as the same initial conditions. Hence, we only

have to choose numerical values for the additional parameters that we introduced with the

manufacturing sector. These are the utility parameters � and �; plus the spillover rate �:

For the latter, given the absence of any historical estimates, we resort to a contemporary

value of 0:3 from Bottazzi and Peri (2002) estimated from European patent data. Regarding

the utility parameters, � and �; we can rely on historical evidence from Clark (2005, 2007)

who analyzes the consumption patterns of the working class in England over the long period

from 1209 to 1914. Based on this evidence, we set the parameter � to be equal to 0:8 and

the value of � to be 0:75:

Turning to our institutional parameter B; we maintain our previous benchmark value of

1:5 and assume initially that this value applies to both sectors. Later on, we will allow this

value to di¤er between the two sectors and see how small changes in BA and BM can a¤ect

the time path of the economy. Particularly, as before, we focus on the extent to which such

changes can delay or speed up the demographic transition and the emergence of sustained

economic growth in an economy that starts o¤ in a stagnant Malthusian equilibrium. Yet,

let us begin with our baseline simulation results.

Figure 3 presents the time paths for the main endogenous variables. The simulated

path is qualitatively similar to that of the one-sector economy, although it incorporates a

substantially shorter period of Malthusian stagnation of about 160 generations.

[Insert Figure 3 here]

Figure 4 displays also the time paths of fertility and the share of labor force employed in

the manufacturing sector. There, it can be seen that the accelerating phase of technological
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progress is associated with a rise in the level of income per capita, an increase in the number

of children per household and a structural transformation of the economy with labor moving

from agriculture to manufacturing.

[Insert Figure 4 here]

However, which factor is really driving this transition? Is it technological progress in

manufacturing "pulling" labor from agriculture or technological progress in agricultural gen-

erating a surplus, part of which is channeled into manufacturing? To investigate these possi-

bilities, we perform a simple test. We perturb slightly the values for BA and BM around the

benchmark of 1:5 and observe, as in the previous section, how these changes are re�ected in

the number of generations elapsing before parents start investing in the education of their

children. The results are displayed in the following two tables:

BA 1 :3 1 :4 1 :5 1 :6 1 :7

t� 227 193 165 137 109

BM 1 :3 1 :4 1 :5 1 :6 1 :7

t� 178 171 165 157 149

Note that the picture in the two tables is quite di¤erent. While small changes in BA can,

on the one hand, in�uence to a large degree the advent of the demographic transition, this

does not seem to be true for changes of similar magnitude in BM ; on the other. Speci�cally,

an adjustment of BA from a value of 1:3 to a value of 1:7 leads to an earlier advent of the

transition by exactly 118 generations, while at the same time a similar adjustment of BM

can only speed up the transition by 29 generations.

This highlights the central role that the agricultural sector plays in the long transition

from primitive to advanced stages of economic development. Despite the presence of other

-more dynamic- sectors in the economy, which are not subject to diminishing returns, the
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emergence from Malthusian stagnation, in the context of a closed economy, has to start from

agriculture. For this reason, it is important that there are strong incentives to individual

agents employed in agriculture to engage in technological innovation and to that extent the

institutional environment in the agricultural sector can be instrumental in providing such

incentives.

5 Empirical Evidence from Europe�s Development His-

tory

In the previous sections we have attempted to argue that particular institutional character-

istics of an economy, in�uencing the decisions of individual agents to engage in technological

innovation, can have a large impact on its long-run development path. A question, though,

that comes naturally here is whether there is also empirical evidence in support of this view.

Speci�cally, to what extent have the actual development paths of particular economies been

in�uenced by the prevalence or the absence of innovation-promoting institutions. After all, if

technological progress was the result of a simple learning-by-doing process, then the e¤ect of

such institutional characteristics on long-run economic development would be limited. The

pace of technological improvement would solely be driven by the size of the economy as the

e¤ect of learning-by-doing would be stronger in larger economies.

In what follows, we will make an attempt to assess the importance of innovation-promoting

institutions for long-run economic development looking across the European continent. We

focus on Europe, because the historical development in this continent is relatively better doc-

umented compared to other parts of the world. Also, given the long-run focus of our theory,

we will concentrate our analysis on pre-industrial times, during which European countries

can be safely treated as closed economies20.

20By this last sentence we don�t mean that trade was generally nonexistent, but that its e¤ect on special-
ization in production was rather limited. After all, it is a well documented historical fact that international
trade up until the end of the19th century was mainly concentrated on luxury goods such as gold, silk and
various spices, while the share of basic agricultural goods was neligible. Also, as documented in Bairoch
(1988), 19th century European countries produced about 94-97% of the food suppy consumed by their pop-
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Ideally, the hypothesis that we would like to test is the positive e¤ect of innovation-

promoting institutions on the rate of technological progress as re�ected in equation (20).

Yet, given the di¢ culty of measuring technological progress explicitly, in what follows we

will turn to the indirect e¤ect of such kind of institutions on other economy-wide variables.

These variables are going to be measures of per capita GDP and urbanization, which -as

we have shown in our simulations above- over the course of development follow the time

path of technological progress. Particularly, as we have argued in the previous section, faster

technological progress will speed up the pace of economic development and lead to higher

levels of per capita GDP and higher urbanization rates. Thus, we can infer that the e¤ect

of a better institutional environment over long periods of time which will be re�ected on a

higher level of per capita GDP as well as a greater level of urbanization.

Of course, this is not to say that scale does not matter for technological progress. Yet,

if technological improvements are the results of a costly innovation process and not just the

result of simple learning-by-doing, as our theory has emphasized, we would expect to see that

di¤erences in innovation-promoting institutions should be re�ected on measures of historical

development, even when we account for di¤erences in the relative sizes of the economies.

5.1 Data

To perform this empirical exercise we will use historical development data from pre-industrial

Europe. Our main variable of interest is going to be the rate of urbanization across European

countries during the late medieval and early modern times. This is based on the work of

Bairoch, Batou, and Chevre (1988) who have collected data on the total number of people

living in cities with more than 5000 inhabitants and which are available for the period from

800 AD to 1700 for every 100 years, and for the period 1750 to 1850 for every 50 years.

Particularly, we are going to focus on the period from 1300 to 1850 AD given that the

earlier data are less reliable, as Bairoch, Batou, and Chevre (1988) themselves point out.

ulation, and the large-scale imports of wheat from Northern America only started after the 1870s. Similar
arguments have also been made by Jackson (1985) and Wrigley (1991).
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These city-level data are then aggregated at the level of the country and combined with

the historical population estimates of McEvedy and Jones (1978) to construct a panel of

urbanization rates over the period 1300-1850 for 24 European countries21.

This provides us with a good proxy for the relative size of the labor force employed

outside of agriculture and the relative share of the non-agricultural sector in each country�s

output, as several economic historians including Wrigley (1985) and Bairoch (1988) have

suggested. Moreover, this approach is in line with the recent literature in economics studying

the determinants of the "Rise of Europe" that includes Acemoglu, Johnson, and Robinson

(2005), Nunn and Qian (2009) and Voigtlaender and Voth 200922.

The population estimates of McEvedy and Jones (1978) will also provide us with a

measure of the absolute size each country�s economy. Yet, given the fact that our observations

correspond to countries of very unequal land areas, ranging from the roughly 5,000,000 square

kilometers of the European part of the former Soviet Union to the 30,000 square kilometers

of Belgium, we will divide the population �gures for each country by land area to derive the

corresponding population densities. This will be our main scale parameter based on which

we will be assessing the urbanization rate data.

To capture historical di¤erences in the institutional environment across countries, in�u-

encing the decisions of individual agents to engage in technological innovation, we consider

several of the proxies that have been suggested in the literature given the absence of a de-

�nitive measure of historical institutional quality available across a wider range of countries

in the historical period of interest. The �rst proxy that we employ is a measure constructed

by Acemoglu, Johnson, and Robinson (2005) capturing the historical constraints placed on

the executives across Europe and spanning the whole period from 1000 to 1750 AD. The

21These countries are Albania, Austria, Belgium, Bulgaria, Czechslovakia, Denmark, Finland, France,
Germany, Greece, Hungary, Ireland, Italy, the Netherlands, Norway, Poland, Portugal, Romania, Russia,
Yugoslavia, Spain, Sweden, Switzerland and the U.K. delineated by their borders in 1978.
22Actually Acemoglu, Johnson, and Robinson (2005), Nunn and Qian (2009) and Voigtlaender and Voth

2009 have gone one step further, treating a country�s rate of urbanization as a proxy for its level of per capita
GDP. As we have shown in our simulation exercise, these variables do seem to move in the same direction of
the course of the transition from stagnation to growth. Yet, the simpler interpretation of urbanization rates
as the share of labor employed in manufacturing is su¢ cient for our current empirical exercise.
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measure is based on research by Langer (1972) and Stearns (2001) on historical political

institutions and follows the coding methodology applied in the POLITY IV index23. This

together with the original data in POLITY IV gives us a measure of institutional quality for

the entire period until 1850 that we are interested in.

Our second measure is based on the state history index of Putterman and Bockstette.

This index captures the presence of an early and durable history of political organization

above the tribal level for most present-day countries and is available over �fty years period

starting from 1 A.D. and ending in 1950. Our rational for employing such an index lies on

the fact that longer state history fosters governmental e¤ectiveness, bureaucratic discipline

and e¢ ciency in public administration, as argued in Bockstette, Chanda, and Putterman

(2002), which are factors that should also promote individual innovation both directly as

well indirectly. To construct measures of each country�s state history for the years of interest

(1300, 1400, 1500, 1600, 1700, 1750, 1800, 1850), we follow Chanda and Putterman (2007)

and calculate a weighted average of the current and previous values of the state history index

giving full weight to the most recent half century and discounting earlier periods progressively

with a 5% discount rate.

As a last proxy capturing institutional features a¤ecting the incentives for innovation in

the agricultural sector face, we use enclosure rates, namely the proportion of arable land

enclosed, which we take from Allen (2003). This is because, as argued by O�Brien (1977),

Campbell and Overton (1991) and Overton (1996), the traditional open-�eld farming sys-

tem was not conducive to the introduction of new crops, new techniques and new husbandry

methods. This is because such decisions had to be made at the community level and the

potential bene�ts were, of course, shared24. Thus, the enclosure of open �elds allowed in-

dividual farmers to reap a larger share of the bene�ts from improvements in agricultural

23For more details on the POLITY IV project the reader is refered to Marshall and Jaggers (2006).
24As Simpson (2004) observes in early modern times French farmers made little attempts to increase

output, because they feared that a greater surplus would only be appropriated by the seigneurs or the state.
According to Overton and Campbell (1991), tenurial reforms in Ireland 1870 that transformed the land
from tenant-farms to owner occupied farms also brought considerable gains in land, labor and total factor
productivity in Ireland after 1870.
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productivity. The actual enclosure data are based on information by Wordie (1983) and

Pounds (1990) and span 9 European countries25.

5.2 Regression Results

Having described the data, in what follows, we are going to present empirical evidence

highlighting the indirect e¤ect of innovation promoting-institutions on urbanization rates

across European countries. Speci�cally, we estimate the following pooled OLS model:

urbanizationi;t = �0+�1�Institutionsi;t�1+�2�Population_Densityi;t�1+�3�urbanizationi;t�1+"i;t

where i indicates the country and t denotes the year. Note that we are backdating our main

explanatory variables of institutions and population density as we expect their e¤ect on

urbanization via technological progress to set in over time. We also include the lagged value

of the urbanization rate on the right hand side, recognizing the persistence of urbanization.

This allows us to focus on the change in urbanization rates taking place between the years

t� 1 and t and avoid the potential endogeneity bias.

Moreover, following Acemoglu, Johnson, and Robinson (2005), we weight each observa-

tion by the population of each country in the corresponding year. This will help us mitigate

the problem of measurement error in the urbanization rates. This is most likely higher in

small countries for which the urban population estimates are just based on the information

from a small number of cities26.

Table 1 shows our baseline estimation results where each alternative explanatory variable

is introduced separately �rst, and then. in column (5), the variables capturing the institu-

tional environment are entered together with population density. The results of Table 1

con�rm that all four types of variables have a positive and signi�cant e¤ect on urbanization

25These countries are Austria, Belgium, England, France, Germany, Italy, Netherlands, Poland and Spain.
26For example, in the case of Albania or Ireland we only have information on 4 cities. The urban population

of Germany on the other hand is derived by adding the population of 125 cities.
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rates. Yet, it is interesting to note that the e¤ect of population density becomes insigni�cant,

once the e¤ect of the institutional environment is taken into account.

[Insert Table 1 here]

Table 2 presents the same regressions with the additions of time �xed e¤ects, which should

take into account general time trends in the dependent variable. Note that the inclusion of

�xed e¤ects doesn�t seem to a¤ect the patterns observed in Table 1.

[Insert Table 2 here]

Furthermore, to account for the potential serial correlation in the urbanization rates

within in each country, in Table 3 we repeat the estimation of Table 1 using this time the

Huber/White/Sandwich estimator of variance and clustering observations by country. As it

can be see, applying this technique also doesn�t see to change the baseline results of Table 1.

[Insert Table 3 here]

Moreover, as a robustness exercise, we also estimate our model adding controls for other

factors that could also in�uence the pattern of urbanization across Europe. These controls

include geographic characteristics such as latitude, the average suitability of each country�s

land for agriculture and the degree of access to waterways, as well as the degree to which a

country was involved in Atlantic trade, which according to Acemoglu, Johnson, and Robinson

(2005) was important factor that in�uenced the rise of several western European nations.

Again though, the inclusion of the above variables does not seem to a¤ect our baseline results.

[Insert Table 4 here]

Finally, we would like to mention, although we do not report any results for the sake

of brevity, that even if we redo the above exercise using historical per capita GDP data

from Maddison (2001) instead of urbanization rates, we obtain results similar to the ones

presented above. However, given that Maddison�s data are only available for a smaller

number of countries before 1800, our preferred speci�cation is based on the urbanization

data which are more comprehensive and detailed.
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6 Concluding Remarks

The purpose of this research is to shed light on the determinants of technological progress

in the long run, as an economy transitions from primitive to advanced stages of economic

development. Our analysis emphasizes the deliberate e¤orts of individual agents to improve

upon the existing level of technology and underscores the importance of the institutional

environment in which the economy operates in providing incentives and in�uencing innova-

tiveness of economic agents. Hence, our approach shares many of the aspects with the large

body of literature on innovation-based growth. At the same though, our work on this topic,

given its long-run focus, compliments important contributions in the recent literature on

uni�ed growth theory that aims at provides a uni�ed framework for the study of the whole

process of human economic development.

Starting from a simple theoretical model, we demonstrate how, once the link between

technological progress and individual innovation is established, particular institutional char-

acteristics of the economy can in�uence the pace of technological progress. Also, using a

small-scale calibration exercise, we show that the e¤ect of institutions on innovation and

technological progress can be quite substantial in the long-run and in�uence to a large ex-

tent the timing of the transition from economic stagnation to sustained economic growth.

Furthermore, extending our analysis to an economy with two productive sectors, agriculture

and manufacturing, we show that innovation-promoting institutions in the former sector,

given the special nature of the agricultural sector in producing the economy�s basic subsis-

tence good, are more important than in the latter one for the economy�s long run economic

development.

Finally, in a small scale empirical exercise using historical data from Europe, we are

also able to provide empirical support for the above theoretical predictions. Particularly,

using the rate of urbanization across countries as a proxy for the degree of economic devel-

opment, we document an important positive e¤ect of innovation-promoting institutions on

economic development. Furthermore, we show that this e¤ect survives even when di¤erences
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in the scale of these economies are controlled for. Hence, these results support our view of

technological progress stemming from individual innovation and not just simple learning by

doing.

Still, we would like to point out, this paper is only a �rst step in direction of providing a

theory of technological progress in the long run as well as of understanding the interaction

between technological progress and the process of economic development. Much more work

has to be done before the in�uence of particular institutional characteristics on technological

innovation and the creation of new ideas is fully uncovered. Also more attention needs to

be concentrated on the e¤ect that particular aspects of economic development such as the

shift from agriculture to manufacturing and the expansion of international trade have on the

transfer of technology and the spread of new ideas across nation and continents.
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Figure 1b
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Table 1: Baseline Results

(1) (2) (3) (4) (5) (6)

Population Density, lagged 0.000313* -0.000109 0.000106
[0.000166] [0.000191] [0.000334]

Institutions, lagged 0.00934*** 0.00916***
[0.00182] [0.00186]

State History, lagged 0.0000461*** 0.0000445**
[1.75e-05] [1.99e-05]

Enclosure Rate, lagged 0.0442** 0.0432**
[0.0181] [0.0185]

Lagged Value of Urbanization 0.972*** 0.958*** 0.970*** 0.961*** 0.925*** 0.950***
[0.0426] [0.0330] [0.0381] [0.0607] [0.0406] [0.0719]

Weighted by Population YES YES YES YES YES YES
Clustering by Country NO NO NO NO NO NO
Year Fixed Effects NO NO NO NO NO NO
Observations 168 168 168 55 168 55
R-squared 0.858 0.875 0.861 0.842 0.877 0.833

*** p<0.01, ** p<0.05, * p<0.1; if there is more than one control variable, the adjusted R-squared is reported

Dependent Variable is Urbanization Rate, 1300-1850



Table 2: Panel Results

(1) (2) (3) (4) (5) (6)

Population Density, lagged 0.000252a -0.000227 -0.0003
[0.000172] [0.000197] [0.000413]

Institutions, lagged 0.00995*** 0.0100***
[0.00178] [0.00182]

State History, lagged 0.000042** 0.0000445**
[1.73e-05] [1.96e-05]

Enclosure Rate, lagged 0.0438** 0.0460**
[0.0177] [0.0180]

Lagged Value of Urbanization 0.979*** 0.948*** 0.968*** 0.942*** 0.930*** 0.963***
[0.0420] [0.0329] [0.0384] [0.0634] [0.0393] [0.0699]

Weighted by Population YES YES YES YES YES YES
Clustering by Country NO NO NO NO NO NO
Year Fixed Effects YES YES YES YES YES YES
Observations 168 168 168 55 168 55
R-squared 0.862 0.883 0.865 0.846 0.885 0.844

a marginally significant at 14%
*** p<0.01, ** p<0.05, * p<0.1; if there is more than once control variable, the adjusted R-squared is reported

Dependent Variable is Urbanization Rate, 1300-1850



Table 3: Clustering By Country

(1) (2) (3) (4) (5) (6)

Population Density, lagged 0.000313** -0.000109 0.000106
[0.000150] [0.000199] [0.000246]

Institutions, lagged 0.00934** 0.00916**
[0.00395] [0.00400]

State History, lagged 0.0000461*** 0.0000445***
[1.49e-05] [1.44e-05]

Enclosure Rate, lagged 0.0442 0.0432
[0.0291] [0.0295]

Lagged Value of Urbanization 0.972*** 0.958*** 0.970*** 0.961*** 0.925*** 0.950***
[0.0843] [0.0454] [0.0859] [0.0867] [0.0605] [0.0995]

Weighted by Population YES YES YES YES YES YES
Clustering by Country YES YES YES YES YES YES
Year Fixed Effects NO NO NO NO NO NO
Observations 168 168 168 55 168 55
R-squared 0.858 0.875 0.861 0.842 0.879 0.842

*** p<0.01, ** p<0.05, * p<0.1

Dependent Variable is Urbanization Rate, 1300-1850



Table 4: Robustness

(1) (2) (3) (4) (5) (6)

Population Density, lagged 0.000187 -0.0000138 0.000473
[0.000213] [0.000210] [0.000340]

Institutions, lagged 0.00937** 0.00965**
[0.00388] [0.00384]

State History, lagged 0.0000713*** 0.0000777***
[1.75e-05] [2.07e-05]

Enclosure Rate, lagged 0.0437* 0.0476*
[0.0231] [0.0274]

Latitude 0.0419 -0.0139 0.072 0.089 0.00999 0.095
[0.0839] [0.0416] [0.0776] [0.235] [0.0421] [0.255]

Access to Waterways 0.0113 0.00275 -0.00509 -0.0403 -0.0217* -0.0642
[0.0154] [0.00691] [0.0121] [0.0401] [0.0122] [0.0500]

Lagged Value of Urbanization 0.989*** 0.946*** 0.984*** 0.978*** 0.917*** 0.923***
[0.108] [0.0587] [0.0905] [0.129] [0.0681] [0.157]

Weighted by Population YES YES YES YES YES YES
Clustering by Country YES YES YES YES YES YES
Year Fixed Effects NO NO NO NO NO NO
Observations 168 168 168 55 168 55
R-squared 0.86 0.876 0.865 0.844 0.882 0.847

*** p<0.01, ** p<0.05, * p<0.1; if there is more than once control variable, the adjusted R-squared is reported

Dependent Variable is Urbanization Rate, 1300-1850


