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Abstract

re open economies characterized by superior economic performance in the long-run?

This paper revisits this important question from the point of the view of uni�ed growth

theory. Contrary to other recent attempts to study this question, the paper considers

two distinct channels through which openness might a¤ect growth, namely trade in

�nal goods and technology transfer. Constructing a two-country two-sector uni�ed

growth model that incorporates both these channels, it is argued that although trade

and the resulting specialization in production generate a force of divergence between

the two economies, this can be mitigated or even countered by the e¤ect of technology

transfer. In this context, the paper identi�es di¤erences in the level of education

between the two countries as the crucial factor in determining which of the two forces

is going to dominate. The predictions of the theory are then confronted with empirical

evidence from cross-sectional and panel growth regressions that span the period from

1870 to 2008. The obtained estimates indicate a strong pattern of convergence among

open economies with high initial levels of human capital which is robust to various

speci�cation tests.
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1 Introduction & Overview

Understanding the mechanics of long-run economic development has always posed a major

challenge for economists. Any insight into why some countries or nations have managed to

achieve high levels of income per capita, as well as sustained increases in those levels, while

others seem to be condemned to live in poverty is of great importance for designing future

policies. However, as recent research has demonstrated, obtaining such insights may often

require that we turn our focus towards the past and investigate the historical experiences of

di¤erent nations and regions1.

This realization regarding the importance of history, together with meticulous e¤orts of

economic historians to unearthed or reconstruct historical data, has led to the development

of uni�ed theories of economic growth that treat and analyze human economic development

as a continuous process that started many centuries ago 2. These theories intertwine key

features of modern growth theory with elements of the Malthusian population theory to pro-

vide a framework for the analysis of all stages of economic development from pre-industrial

stagnation to the modern state of sustained economic growth. Yet, most of these theories

are focusing their analysis on a closed-economy setting3. This approach may be valid in un-

derstanding developments in 18th century England or in other early industrializing nations.

Nevertheless, they are probably less relevant when it comes to the experience of subsequent

industrializers and it may even lead to spurious inferences regarding the challenges currently

faced by less developed nations in their quest for economic progress.

With that mind, the present paper aims at providing an open-economy uni�ed model of

economic growth that takes explicitly into account the interdependencies between developed

1Recent contributions which pointed at that direction include Acemoglu, Johnson, and Robinson (2005),
who emphasize the colonial experiences of di¤erent nations, Nunn (2008), who underscores the legacy of
slave trade in Africa, Comin, Easterly, and Gong (2010), who stress the importance of an early technological
lead, and Spolaore and Wacziarg (2009), who discuss the role of genetic distance.

2Typical examples of uni�ed growth theories include Galor and Weil (2000), Hansen and Prescott (2002),
Lucas (2002), Cervellati and Sunde (2005), Voigtlaender and Voth (2006), Boucekkine, de la Croix, and
Peeters (2007). For more information on this literature the readers is refer to Galor (2011).

3There are few notable exceptions to this general rule such as Galor and Mountford (2008) and O�Rourke,
Rahman, and Taylor (2007) which will be discussed more extensively later on.
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and less-development economies and the e¤ects that such interdependencies may have on the

process of economic development for both types of economies. Particularly, in this context,

one of the paper�s main innovation with respect to the existing literature is that the analysis

takes into account two distinct channels through economic interactions between countries

may in�uence their comparative development. Speci�cally, the paper focuses on both the

role of trade in �nal goods and the resulting specialization in production as well as the role

of technology transfers from more developed to less developed economies. The reasons for

concentrating on these two channels has to do with the attention that both these channels

have received in the literature, as well as the fact that existing work indicates that the e¤ects

of the two channels might not necessarily work in the same direction.

Economic integration of di¤erent countries and regions is re�ected �rst and foremost in

their openness to trade and there is a wide consensus that trade �ows can generate large static

gains for all regions. Yet, the implications of trade for the long-run economic development of

di¤erent regions has been a source of great debates in the literature. For example, Acemoglu

and Ventura (2002) and Cuñat and Ma¤ezzoli (2004) have argued that in an interdependent

world international trade �ows lead to convergence in terms of growth rates between more

and less developed economies, although not necessarily to convergence in their levels of

income. Others, such as Young (1991), Baldwin, Martin, and Ottaviano (2001) and Galor

and Mountford (2008), suggest that trade between countries that are in di¤erent stages of

development may even result in lower growth rates for less developed economies, because

the latter end up specializing in less dynamic industries. Moreover, Galor and Mountford

(2008) as well as O�Rourke, Rahman, and Taylor (2007) attribute the great divergence in per

capita incomes that has occurred since the Industrial Revolution partly to the above e¤ects

of trade4.

Regarding technology transfer, the consensus in the literature that it can be a force of

4Both these papers derive their insights in the context of uni�ed growth models, which share many of the
features of the theoretical framework used in this paper. Yet, contrary to the present analysis both Galor
and Mountford (2008) and O�Rourke, Rahman, and Taylor (2007) do not consider any other channel through
which openness may a¤ect the course of long-run economic development apart from trade.
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convergence. This idea is associated with the well-known hypothesis of Gerschenkron (1962)

regarding the advantage of backwardness, which was �rst formalized in the economics litera-

ture in Nelson and Phelps (1966) catch-up model of technology di¤usion. In the recent years

several authors such as Benhabib and Spiegel (1994) and Coe and Helpman (1995) have

attempted to test this hypothesis empirically and have documented important technology

transfer �ows from developed to less developed countries. Yet, despite its potential in gener-

ating convergence, it is clear that technology transfers do not occur automatically and that

the di¤usion of technologies across countries may depend on several factors. One key factor

that the literature has identi�ed as an important determinant of the ability of less-developed

economies to introduce technologies from more developed countries is human capital. Nelson

and Phelps (1966) were the �rst to make this point forcefully, while more recently Benhabib

and Spiegel (1994) have provided evidence that the rate of technology transfer from leading

to following countries is positively associated with the level of education in the following

country.

None of the existing work, however, has incorporated both channels into the same model

and this is where the innovation of the present paper lies. With the aid of a two-country

two-sector uni�ed growth model with endogenous technological progress, along the line of

Milionis and Klasing (2011), the e¤ects of economic integration on the process of development

will be analyzed. In this context, it is assumed that due to di¤erential initial conditions the

two economies are at di¤erent stages of economic development at the time of integration.

As a result of that, when trade opens up the more advanced economy will specialize in

manufacturing, while the less advanced one will specialize in agriculture. Because production

in agriculture, though, is characterized by decreasing returns to scale due to the presence of

land as a �xed production factor, the resulting specialization pattern implies that growth,

once trade opens up, will be lower in the less developed economy triggering divergence

between the two economies.

At the same time, however, economic integration enables the less developed economy to

bene�t from the transferring of advanced technologies from the more developed one. These
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�ows of technology transfers between the two economies have the potential of generating a

strong force of convergence provided that the less developed economy is able to perform the

necessary implementation investments. These investments, which make technology di¤usion

not automatic, are not assumed to take the form of reverse engineering. As a result of

that this process of technology di¤usion is greatly facilitated by the level of education in

the following country. This is because a more educated workforce is in a better position to

reverse-engineer advanced technologies.

This role of education in promoting technology di¤usion implies that the long-run impli-

cations of economic integration for less developed economies crucially hinge on the education

gap between the two economies at the time of integration. As long as this gap is relatively

small, the force of technology transfer will be strong enough to overcome the adverse e¤ects

of specialization and hence economic integration will bene�t both economies. As this gap

widens, though, the costs of implementing technologies invented in the leading economy

increase for the lagging economy. This weakens the force of technology transfer and will

make divergence between the two economies the more likely scenario. Therefore, the theory

yields the following testable prediction: The likelihood for a given open economy of catching

up with the leading industrial nations or falling behind in terms income per capita should

depend positively on the level of education of its workforce.

This main prediction of the theory is then tested empirically based on growth regressions

employing both cross-country and panel data. The empirical analysis indicates that ceteris

paribus countries that start o¤ with a high initial level of human capital will converge faster

in the subsequent period than countries characterized by low initial levels of human capital

and that this e¤ect is stronger in more open economies. In particular, the analysis indicates

that the annual rate of convergence of countries whose initial human capital is in the 75th

percentile of the human capital distribution is about 20% higher than that of countries whose

human capital is equal to the median of the human capital distribution and that this e¤ect

is increased by another 25% if countries are relatively more open to trade. Moreover, these

e¤ects are robust to various speci�cation tests and to the inclusion of a wide set of control
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variables.

In what follows, I will �rst of all present a short summary of the historical evidence on

the role of international trade and openness on economic development in Section 2. This

is followed by the presentation of the theoretical model in Section 3. The model is then

calibrated and simulated in Section 4 to match the patterns seen in historical evidence.

Section 5 presents the empirical evidence regarding the role of human capital and trade for

convergence. Finally Section 6 o¤ers some concluding remarks.

2 Historical Evidence on Openness and Economic De-

velopment

Trade and other forms of economic interaction between di¤erent regions of the globe have

been taking place since Antiquity. However, prior to the 19th century they were limited

to very particular activities such as the exchange of luxury goods or the trading of slaves

(Cameron and Neal 2002). The big expansion of international trade and the movement

towards the integration of world markets -what Williamson coined the �rst wave of glob-

alization - came with the world-wide transport revolution of the mid 19th century. This

refers to a series of major transportation innovations including steamships, canals, railroads

as well as refrigeration, which lead to sizeable reductions in the cost of transportation for

goods (O�Rourke and Williamson 1999).

The link between the new industrial technologies, the falling transportation costs and

subsequent expansion of trade has long been pointed out by economic historians such as

North and Harley. The following graph, taken from Harley (1988), shows the magnitude

of these reductions in terms of freight rates. This demonstrates not only the importance

of industrialization in limiting the frictions associated with the long-distance movement of

goods, but also the prohibitive nature of such costs prior to the industrial revolution. Of

course, the cost of transportation constitutes only a fraction of the total cost associated
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Figure 1: Harley�s British Freight Rate Index Averaged Over 10-year Intervals

with trading across national borders. However, given the historical focus of this paper, it

is natural to treat trade costs in this case as re�ecting primarily the actual transportation

expenses related to the international shipment of goods (Anderson and van Wincoop (2004)).

This expansion of trade that began in the late 19th century and continued during the

20th century has been instrumental in shaping economic geography over the whole world.

The force of specialization, has led di¤erent countries to concentrate their production on

speci�c economic activities and rely on global markets for the rest. Typical examples of this

transformation were the expansion of manufacturing activities in the "Atlantic Economy"

and the shift towards agricultural production in the Third World. This worldwide division

of labor was driven primarily by the drastic changes in the terms of trade that took place

during that period (Williamson 2005). To see this, the following two graphs present the

evolution of trade �ows between the British Empire and India over the period 1900-1960

with the data being from the United Nations Statistical O¢ ce. Here it should be noted

that the expansion of trade that took place over that period led to an expansion of British

manufacturing exports and at the same time of Indian manufacturing imports.
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Figure 2: The Evolution of British Exports

0

500

1000

1500

2000

2500

19
00

19
02

19
04

19
06

19
08

19
10

19
12

19
22

19
24

19
26

19
28

19
30

19
32

19
34

19
36

19
38

19
48

19
50

19
52

19
54

19
56

19
58

19
60

Total Imports Manufacturing Imports Other Imports

Figure 3: The Evolution of Indian Imports
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Figure 4: World Trade Volumes and the Great Divergence

Of course, these developments would not have attracted that much attention, had they

not been followed by a dramatic broadening of the gap in terms of per capita income between

the world�s poorest and richest economies, a fact that is typically referred to as the great

divergence (Pritchett 1997). This association between trade expansion and world income

inequality can be seen from the next graph displaying the evolution of the volume of inter-

national trade together with the ratio of income of the 95th relative to the 5th as well as

that of the 90th relative to the 10th percentiles of the world�s income distribution5.Despite

the fact that the correlation observed between these two phenomena may not necessarily

imply a causal link, it is still striking how the expansion of trade led to widening income

gaps across countries that the world had never experienced before.

Together with the expansion of trade, though, the world also witnessed a global di¤usion

of various production technologies. For example, Mokyr (1993) discusses how many of the

innovations of the British Industrial Revolution were quick to spread to Continental Europe

and other parts of the world and Clark (1987) points out, that by 1910 textile machinery was

5The income per capita data are from Maddison (2001). The trade data are from the United Nations
Statistical O¢ ce.
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uniform around the world. Such �ows have long been pointed out by economists to be an im-

portant force of convergence between countries (Grossman and Helpman 1991a, Barro 1995).

At the same time, though, as it has become evident from the more recent literature on tech-

nology transfer (Howitt (2000), Keller (2004)), that a �ow of advanced technologies to less

developed economies does not happen automatically. Despite the presence of an advantage

to the countries introducing existing technologies rather than inventing them from scratch 6,

the implementation process may still imply some costs. These are estimated by Mans�eld,

Schwartz, and Wagner (1991) as corresponding to 60� 80% of the actual innovation cost in

most cases. This is because new technologies are often "tacit and circumstantially speci�c"

(Howitt and Mayer-Foulkes (2005)) and thus they may need to be adjusted before being

employed in a di¤erent environment. This is an important point to which I will return later

in the analysis

3 A Two-Country Uni�ed Growth Model

3.1 Basic Structure

This section analyzes more formally the relationship between an economy�s degree of open-

ness and the process of long-run economic development, keeping in mind the historical facts

described in the previous section. For this purpose, a theoretical uni�ed growth model is

constructed that comprises two separate economies that over time will begin to integrate

economically with on another, as they both develop. Speci�cally, I focus here on two poten-

tial channels of interaction between the two economies, trade in �nal goods and transfers of

technology. The basic structure of each individual economy is similar to the closed-economy

setup of Milionis and Klasing (2011) with both of the economies encompassing two distinct

production sectors, an agricultural and a manufacturing one.

Each 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

6This is what Gerschekron has coined the "advantage of backwardness" (Gerschekron 1962).
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agent together with his or her o¤spring. Time - denoted by the subscript t - is discrete

and extends 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, agents are assumed not to engage

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

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

the allocation of their time between productive and child-rearing activities7.

3.2 The Two Production Sectors

Let Lit be the mass of agents entering adulthood in period t in country i; i 2 f1; 2g: This

mass constitutes the total labor force of the economy for that period. This labor force

is allocated in two production sectors, an agricultural sector and a manufacturing sector.

Each sector produces a distinct �nal good, which is denoted by Y Ait and Y
M
it : The main

di¤erence between them is that the former operates under decreasing returns to scale due to

the presence of a �xed factor of production, land, while the latter operates under constant

returns. The production technologies for these two goods are given by,

Y Ait = A
A
it(hitL

A
it)
�X1��

i ; (1)

Y Mit = A
M
it hitL

M
it : (2)

From the above variables, Xi corresponds to �xed amount of land available for agriculture in

country i; hi to the per capita level of human capital in country i and Akit to the current level

of total factor productivity in sector k; k 2 fA;Mg; of country i: Lkit denotes the amount of

labor employed in sector k of country i; for which we have that:

LAit + L
M
it = Lit: (3)

7Given that in each household there is one active decision-maker, in what follows the terms household
and agent are going to be used interchangeably .
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From the above expression it is evident that the model precludes movements of the labor

force between the two countries. Finally, the exponent � 2 (0; 1); capturing the relative

importance of land in the agricultural sector, is assumed to be the same in both countries.

Thus, there is no di¤erence in the factor intensity of agricultural production in the two

economies.

Rewriting the two production functions in per capita terms, we obtain that,

yAit = AAith
�
itx

1��
it ; (4)

yMit = AMit hit; (5)

where ykit =
Y kit
Lkit
denotes output per worker in sector k of country i and xit = X

Lt
corresponds

to the amount of land per agriculturalist in country i: To avoid dealing with issues related to

the ownership of land and its intergenerational allocation, I follow the assumption of Galor

and Weil (2000), who let land earn zero returns. This means that the labor force employed

in agriculture will earn its average product rather than its marginal product. Under this

assumption, the wage rate earned by workers employed in the two production sectors in

country i is given by:

wAit = A
A
it(

Xi

hitLAit
)1��; (6)

wMit = p
M
it A

M
it : (7)

Here wkit denotes the real wage rates in sector k of country i denominated by the price of

the agricultural good, i.e. wkit �
Wk
it

PAit
; and pMit the relative price of the manufacturing good

in terms of the agricultural good in country i, i.e. pMit �
PMit
PAit
: The absolute prices of two

goods PAit and P
M
it will not play any role in the analysis and hence will be suppressed in the

notation.
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3.3 The Innovation Process

Technological progress in each sector of the economy is driven by small-scale innovations

generated by individual agents employed within that sector. Speci�cally, following the ap-

proach �rst presented in Milionis and Klasing (2011), it is assumed that before engaging in

any production activities agents employed in sector k in country i devote some fraction !kit of

their time to experiment with the existing production technology. The goal of this activity is

to improve upon the current level of technology Akit in that sector, which the agents inherited

from the previous generation8.

Abstracting from the uncertainties of such a process, this experimentation is supposed

to generate with certainty an innovation of magnitude �kit; which individual agents can sub-

sequently utilize in order to enhance the productivity of their own labor. The magnitude of

that innovation is linear in the time spent experimenting, !kit, with the productivity of each

agent in experimentation depending on his or her level of education eit as well as some �xed

factor BIN :

�kit = B
IN(~e+ eit)

�!jit: (8)

The presence of the constant ~e is justi�ed by the existence of some basic cognitive skills

which are innate to the individual. The exponent � 2 (0; 1); on the other hand, captures

the presence of limitations to human cognition. This experimentation process, though, is

costly, as the time that agents spent experimenting has to be taken away from their other

activities, namely, working and child-rearing. Since agents need to work in order to provide

themselves and their families with at least the means for their subsistence, agents can only

devote to experimentation a small fraction of the total time available to them - which for

simplicity is normalized to 1.

The overall technological improvement Zkit within period t in sector k of country i is

the result of these small-scale individual innovations. However, because of the decentralized

8For more details on the historical relevance and the rationale behind this particular way of modeling
technological innovation prior to the era of research and development the reader is referred to the discussion
in Section 2 of Milionis and Klasing (2011).
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and uncoordinated nature of the experimentation process, it is likely that the innovations

generated by di¤erent agents will be substituting for rather than complementing one another.

To captures this possibility, we let Zkit be given by the power mean of all individual innovations

�kit(v);

Zkit = f
Z Lkit

0

[�kit(v)]
"dvg 1" ; (9)

with v corresponding to the positive measure set of all innovators and " capturing the degree

of substitutability among individual innovations.

3.4 The Di¤usion of Technology

From the last expression it is apparent that in every period new technological innovations

will be generated in any sector that employs some positive share of the economy�s labor

force. The di¤usion of these innovations within the sector, though, is not instantaneous.

Particularly, the underlying assumption is that in each period an agent employed in sector

k has access to the level of technology inherited from the previous generation, Akit, coupled

with any innovation �kit; that he or she alone may invent. Furthermore, it is postulated that

due to the imperfect nature of property rights in the economy individual innovators are only

able to appropriate a fraction �k of their innovations, with the remaining fraction being lost

to other agents9. The imperfect protection of property rights implies that each innovator

is also able to free-ride on innovations invented by others. Thus, the level of technology

available to each individual agent in period t is given by,

[1 + �k�kit + (1� �k)��
k
it]A

k
it; (10)

with �kit corresponding to the size of the innovation produced by the agent and ��
k
it to the

average innovation size in the sector10.

9This fraction �k is allowed to vary between the two sectors, but not across countries and time. I will
further comment on this point in the subsequent section.
10This distinction is carried here for conceptual reasons. Under the simplifying assumption of all agents

being identical, the actual innovation magnitudes �kit will end up being the same as the average ��
k
it:
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Over time, however, there is going to be di¤usion of new innovations, �rst of all, within

each sector. In this context, it is assumed that each innovation generated by an agent in

period t will be freely available to all agents of the subsequent generation in period t + 1:

Similarly, it is also possible that some of these innovations may �nd uses in other sectors

of the economy. This is captured by the presence of positive technological spillovers from

the relatively more advanced sector to the less advanced one at a rate �: Hence, following

the approach of ?? the evolution of technology in sector k of country i is assumed to be

governed by the expression,

Akit+1 = (1 + Z
k
it)A

k
it + �maxf0; Alit � Akitg; (11)

This captures both the overall technological improvement within that sector as well as the

potential spillovers from a more advanced sector l11.

Based on this last expression, we can de�ne the growth rate of technology in sector k of

economy i as,

gkit+1 =
Akit+1 � Akit

Akit
; (12)

and also the average rate of technological progress in the economy equals:

�git+1 = g
A
it+1

LAit
Lit

+ gMit+1
LMit
Lit
: (13)

3.5 Household Decision-Making

As mentioned earlier, when describing the structure of the economy, each individual house-

hold is led by an adult agent who makes all the decisions regarding production, experimenta-

tion and child-rearing activities. The objective problem of each individual household head is

basically an allocation problem of his or her ultimate resource, a unit time endowment, that

has to be divided between the above three activities. The goal of the agent is to maximize

11The assumption of positive technological spillovers, although not necessary, is natural given the setup of
our model. Moreover, as it will be pointed out in the following section, it makes the dynamics of the model
more realistic.
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his or her utility function, which takes the form:

uit = f[�(cAit � ~c)]� + [(1� �)cMit ]�g
1�
� (nithit+1)

: (14)

This function consists of two main components. The �rst one is a constant elasticity of

substitution consumption index f[�(cAit� ~c)]�+[(1��)cMit ]�g
1
� re�ecting the utility obtained

from the consumption of cAit units of the agricultural good and c
M
it units of the manufacturing

good, which are only imperfect substitutes. The parameter � captures the degree of substi-

tutability between the two goods, while � denotes the weight that each type of good carries

in the consumption index. The second term corresponds to the quality-adjusted number of

children nit; where quality here is signi�ed by their level of human capital hit+1: The rela-

tive importance of the two components for the agent�s utility is captured by the exponent

 2 (0; 1): It should be noted here that the employed function also includes a subsistence

consumption requirement ~c > 0 regarding the consumption of the agricultural good. This

re�ects the existence of a minimum level of basic food consumption which is absolutely

necessary in order for the agent to survive.

When maximizing the above function, each household head must naturally obey a budget

constraint bounded by the household�s potential income zkit: This re�ects the income that

an adult agent employed in sector k in country i would earn if he or she did not raise

any children. This level, of course, depends also on the extent to the agent also engages

in productivity-enhancing experimentation activities. Thus, conditional on the adult agent

having spent a fraction !kit of his or her time experimenting the household�s potential income

equals:

zkit = (1� !kit)[1 + �k�kit + (1� �k)��
k
it]w

k
ithit: (15)

From the above expression it is apparent that the adult agent�s optimal choice regarding

the fraction of time !kit 2 [0; 1] spent on experimentation activities must maximize the

product (1�!kit)[1+�k�kit+(1��k)��
k
it]: This captures the net gain from experimentation in

terms of productivity, which, using expression (8), can be rewritten simply in terms of !kit:
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Thus, each agent�s decision can be understood as follows:

max
0�!kit�1

f(1� !kit)[1 + �kBIN(~e+ eit)�!kit + (1� �k)BIN(~e+ eit)� �!kit]g: (16)

Optimality here mandates that !kit � 1
2
� 1

2�kBIN (~e+eit)�
� 1

2
1��k
�k
�!kit; which would hold with

equality in case !kit > 0:Moreover, under the simplifying assumption of all agents being iden-

tical, there is a unique symmetric equilibrium with each agent devoting to experimentation

activities a fraction:

!̂kit = !(eit) =

8><>:
�k

�k+1
� 1

(�k+1)BIN (~e+eit)�
if eit � (�kBIN)�

1
� � ~e

0 if eit < (�
kBIN)�

1
� � ~e

9>=>; : (17)

Using equation (8) we �nd the corresponding optimal magnitude of an innovation:

�̂
k

it = �(eit) =

8><>:
1

�k+1
[�kBIN(~e+ eit)

� � 1] if eit � (�kBIN)�
1
� � ~e

0 if eit < (�
kBIN)�

1
� � ~e

9>=>; : (18)

Finally, substituting these values into expression (15) we obtain the household�s optimal

conditional potential income:

ẑkit =

8><>:
�k

(�k+1)2
[2 +BIN(~e+ eit)

� + 1
BIN (~e+eit)�

]wkithit if eit � (�kBIN)�
1
� � ~e

wkithit if eit < (�
kBIN)�

1
� � ~e

9>=>; : (19)

This expression represents the level of income that each household head would have at

his or her disposal to purchase units of the agricultural and manufacturing goods in case he

or she decided to not raise any children. However, from (14) it is clear that adult agents will

also choose to have children, i.e some part of their time will also be devoted to child rearing.

Particularly, suppose that the time cost for an adult agent of generation t in country i of

raising one child with education level eit+1 is � q + � eeit+1; where � q corresponds to the �xed

time cost of rearing one child and � e to the unit cost of education. Thus, if the agent�s choice
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is to rear nit number of children and to endow them with an education level of eit+1; then

the agents�s ultimate budget constraint would be:

cAit + p
M
it c

M
it � ẑit[1� nit(� q + � eeit+1)] (20)

3.6 Labor Market Clearing and Human Capital Formation

Note that in this last expression the superscript k over the conditional potential income

variable ẑit has been removed. This is because under the assumption of a competitive

economy-wide labor market, the migration of labor between the two sectors of the economy

must lead to the equality of the income earned in the agriculture and manufacturing, i.e.:

ẑAit = ẑ
M
it = ẑit: This means that as long as both sectors of the economy are active, we can

derive, by combining equations (6), (7) and (19), that

ẑit = �
A
itA

A
it(hit)

�(
Xi

LAit
)1�� = �M

it p
M
it A

M
it hit; (21)

with �k
it � �k

(�k+1)2
[2 +BIN(~e+ eit)

� + 1
BIN (~e+eit)�

] as obtained in equation (19). Thus, given

the relative price of the manufacturing good pMit ; the allocation of the total labor force Lit

between the two production sectors is given by the following two expressions:

L̂Ait = (
�A
itA

A
it

pMit �
M
it A

M
it

)
1

1��
Xi

hit
; (22)

L̂Mit = Lit � L̂Ait: (23)

The assumption of perfect labor mobility implies also that the children of agricultural

and manufacturing workers may in their second period of life end up being employed in either

sector of the economy. For this reason, the analysis refrains from making any distinction

between the nature or the level of human capital of children raised in agricultural households

and that of children raised in manufacturing ones. Otherwise, this would impose a restriction

on the mobility of the labor force as agents raised in an agricultural household would �nd
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themselves better suited for employment in the agricultural sector and vice versa12.

With that in mind, the process of human capital formation for each individual agent is

assumed to be guided by the same principles as in Galor and Weil (2000). Speci�cally, the

per capita level of human capital is thought to be in�uenced by the amount of education

received in the �rst period of life as well as the rate of technological progress between the

two periods. To capture this, Galor and Weil let each agent�s level of human capital, hit;

be an increasing and concave function of his or her education, eit; and a decreasing and

convex function of the economy�s average rate of technological progress, �git13. Moreover,

they postulate that the adverse e¤ect of technological progress on human capital is assumed

to be smaller, the higher is the level of education. These assumptions are re�ected in the

human capital formation function,

hit = h(eit; �git) > 0; (24)

where he(�) > 0; hee(�) < 0; hg(�) < 0; hgg(�) > 0 ^ heg(�) > 014.

3.7 Household Demands

Once each adult agent has decided on what fraction of his or her time to devote to exper-

imentation activities based on equation (17), the remaining choices that need to be made

are the determination of the optimal level of consumption for the two goods, ĉAit and ĉ
M
it ;

the optimal number of children, n̂it; and their level of education, êit+1: These are chosen

such that they maximize the household�s level of utility given the household�s conditional

potential income ẑit and the subsistence consumption requirement ~c: Thus, each adult agent

12Departing from the assumption of perfect labor mobility made by justi�ed by the historical experience
of di¤erent countries. However, in the context of the present model, this would alter the main mechanisms
in�uencing the course of economic development.
13The 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).
14The 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 it is assumed that h(0; gt) > 0 and that
limgt!+1 h(0; gt)! 0:
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must solve the following optimization problem:

max
fcAit;cMit ;nit;eit+1g

uit = f[�(cAit � ~c)]� + [(1� �)cMit ]�g
1�
� [nith(eit+1; �git+1)]

;

s:t:

8><>: ẑit[1� nit(� q + � eeit+1)] � cAit + pMit cMit
(cAit; c

M
it ; nit; eit+1) � 0

9>=>; :
(25)

This yields the following two demand functions for the agricultural and the manufacturing

good, which re�ects the presence of subsistence consumption requirement:

ĉAit =
1� 

1 + ( �
1��p

M
it )

�
��1
ẑit +



1 + ( �
1��p

M
it )

�
��1
~c+

1

1 + ( �
1��p

M
it )

� �
��1
~c; (26)

ĉMit =
1� 

1 + ( �
1��p

M
it )

� �
��1

ẑit � ~c
pMit

: (27)

Similarly, the optimal number of children is governed by the following expression :

n̂it =


� q + � ee(�git+1)
(1� ~c

ẑit
): (28)

This incorporates the typical Malthusian feature that as the household�s income increases,

so does the desired number of children. At the same time, though, this number of children

also depends on the choice that the parent is making 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 children15.

Finally, the optimal solution for êit+1; is dictated by the �rst order condition,

G(eit+1; git+1) � [(� q + � eeit+1)he(eit+1; git+1)� � eh(eit+1; git+1)] � 0;

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

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

15Thus, the model incorporates a trade-o¤ between o¤spring quantity and o¤spring quality, as it was �rst
suggested by Becker and Lewis (1973).
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the existence of a strictly positive and monotonically increasing implicit function e(�) such

that16:

êit+1 = e(�git+1) =

8><>: 0 if �git+1 � g�

e0(�git+1) if �git+1 > g�

9>=>; : (29)

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

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

technological progress.

3.8 Goods Market Clearing under Autarky

Before considering the possibility of trade in agricultural and manufacturing goods between

the two economies, let us concentrate �rst on the autarkic equilibrium of each economy. In

such an equilibrium, it must be that the demand for both types of goods coming from the

households is met by the actual production in both sectors. Thus, in order for the goods

markets to clear in country i; it is required that,

Ŷ Ait � �A
itA

A
it(hitL̂

A
it)
�l̂itX

1��
i = Litĉ

A
it; (30)

Ŷ Mit � �M
it A

M
it hitL̂

M
it l̂it = Litĉ

M
it ; (31)

with Ŷ kit denoting the actual level of production in sector k of country i and l̂it the optimal

fraction of time devoted by households to labor force participation. Based on the budget

constraint (20), this fraction equals [1 � n̂it(� q + � eêit+1)]: Using this fact and performing

a few basic algebraic manipulations, the above two expressions can be simpli�ed to the

requirement that,

ĉAitL̂
M
it = p̂

M
it ĉ

M
it L̂

A
it: (32)

This mandates that the total value of the manufacturing goods consumed by agricultural

households be equal to the value of agricultural goods consumed by manufacturing house-
16Note that the absence of any discrepancies in the education decision across households veri�es the

existence of a common economy-wide level of per capita human capital ht:
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holds. Substituting in the demands for both goods and bearing in mind the fact that,

ẑit = p
M
it �

M
it A

M
it hit; we obtain the goods market clearing condition:

[
1� 

1 + ( �
1��p

M
it )

�
��1
pMit �

M
it A

M
it hit +



1 + ( �
1��p

M
it )

�
��1
~c+

1

( �
1��p

M
it )

� �
��1 + 1

~c]Lit =

= [(1� )pMit �M
it A

M
it hit + ~c]L

A
t :

Combining this last expression with the labor marker clearing equation (21) we obtain a

non-linear system of two equations, which can be solved for the relative price p̂Mit that clears

the market as well as the corresponding amount of labor L̂Ait devoted to agriculture:

p̂Mit = p
M(hit; A

A
it; A

M
it ;�

A
it;�

M
it ; Lit);

L̂Ait = L
A(hit; A

A
it; A

M
it ;�

A
it;�

M
it ; Lit):

(33)

The above solution, though, may not necessarily be interior. Particularly, given the size

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 occurs whenever the

size of the total labor force is such that it falls short of the level demanded at any market

clearing price, i.e. if L̂Ait = (
�AitA

A
it

p̂Mit �
M
it A

M
it
)

1
1�� Xi

hit
> Lit: In this case, the economy ends up in

a corner solution where all of the economy�s labor force is employed in agriculture and no

production or consumption of the manufacturing good is taking place. Hence, the allocation

of labor in economy i can be described by the following pair of expressions:

L̂Ait =

8><>: Lit LA(hit; A
A
it; A

M
it ;�

A
it;�

M
it ; Lit) > Lit

LA(hit; A
A
it; A

M
it ;�

A
it;�

M
it ; Lit) otherwise

9>=>; ; (34)

L̂Mit =

8><>: 0 LA(hit; A
A
it; A

M
it ;�

A
it;�

M
it ; Lit) > Lit

Lit � LA(hit; AAit; AMit ;�A
it;�

M
it ; Lit) otherwise

9>=>; : (35)
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3.9 Goods Market Clearing with International Trade

Let us now turn to the case where there is also trade in �nal goods between the two economies.

In this case, market clearing in the global markets for the agricultural and the manufacturing

goods mandates that demand for each type of good coming from the households in both

countries is met by the quantity of both goods produced in the two countries. This can be

written as:

Ŷ A1t + Ŷ
A
2t = L1tĉ

A
1t + L2tĉ

A
2t; (36)

Ŷ M1t + Ŷ
M
2t = L1tĉ

M
1t + L2tĉ

M
2t : (37)

However, in the presence of non-negligible trade costs, the price at which the two goods are

sold in each country cannot be the same.

To account for the costs associated with international trade, a trade cost function d

is introduced. This is assumed to be of the standard iceberg type (Samuelson (1954)),

meaning that the cost is paid with some fraction of the transported good and not any other

resource. Moreover, given the historical context of this paper, these costs are treated as

re�ecting primarily the actual transportation expenses related to the movements of goods

from one country to the other. With that in mind, the magnitude of these costs is assumed

to be declining over time as new technologies are revolutionizing the available means of

transportation. This is captured in the following functional form:

dt = d( �A
M
t ); (38)

where trade costs are treated as a function of the frontier level of the manufacturing tech-

nology �AMt � maxfAM1t ; AM2t g17. Moreover, this cost is supposed to decline at an increasing

rate as the frontier expands, which in the limit should bring the world closer to frictionless

17Here it should be pointed out that this assumption is actually not restrictive at all. Alternative for-
mulations of transportation costs which treat them as a function of worldwide technology frontier or which
introduce asymmetries between countries or between goods are not going to a¤ect the paper�s main results.
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trade. This means that for the functional form in hand the underlying assumptions are that:

d(�) > 1; d0(�) < 0; d00(�) > 0; lim �AM!1 d(�) = 1:

The presence of positive trade costs, of course, not only leads to discrepancies in the

prices at which the goods are being sold in the two economies, but also imposes, depending

on their magnitude, limits to the possibilities for trade between the two countries. To see

this, note that trade in manufacturing goods from country 1 to country 2, for example, will

only take place if pM2t > p
M
1t dt; while trade from country 2 to country 1 if pM1t > p

M
2t dt: From

the above inequalities we can compute the bounds between which the relative price ratio can

vacillate without triggering any trade �ows:

1

d( �AMt )
� pM2t
pM1t

� d( �AMt ): (39)

These bounds -often referred to as the Heckscher commodity points- depend naturally on

the current state of the manufacturing technology with their range shrinking as technology

improves.

If the relative price ratio exceeds those bounds, this triggers trade �ows between the two

countries until the relative price of manufactures in the importing country j returns to the

value pMit dt; with p
M
it being the price in the exporting country. Hence, trade results in a

reallocation of factors of production in the two economies, so that the share of the labor

force employed in agriculture in the exporting country i and the importing country j in

equilibrium equal to,

L̂Ajnit = (
�A
itA

A
it

pMWt�
M
it A

M
it

)
1

1��
Xi

hit
; (40)

L̂Ajt = (
�A
jtA

A
jt

pMWtdt�
M
jtA

M
jt

)
1

1��
Xj

hjt
: (41)

Combining the last two expressions with the goods market clearing conditions (36) and (37)

we can identify the solution for the world market clearing relative price p̂MWt:
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3.10 The Transferring of Technology

In addition to the �ows of �nal goods traded between the two countries, the economic inte-

gration of the two economies also generates another force that should matter for our analysis

of the long-run economic development. This is the opportunity for transfers of advanced

technologies from the technologically-leading economy to the technologically-lagging one.

This force has been modeled in the literature in several di¤erent ways18. However, for our

purposes it is assumed that technology transfers between the two economies take the form

of reverse engineering.

This means that the transferring of existing technologies is governed by the same princi-

ples as the actual innovation process. Thus, the implementation in country j of an innovation

�
�
produced in country i requires the implementing agent to devote a fraction of time !IMjt

such that:

!IMjt =
�
�

BIM(~e+ ejt)�
: (42)

Regarding the economy-wide exogenous productivity parameter BIM the underlying assump-

tion is that BIM > BIN : This captures the fact that, ceteris paribus, the productivity of this

implementation activity per unit of time must be higher than that of the actual innovation

process. Otherwise innovation would always be the most e¢ cient strategy. Nevertheless, the

actual time input necessary for the implementation of innovation �
�
should also re�ect the

potential discrepancies in the corresponding levels of education between the two countries.

Thus, if �
�
was produced one generation ago in country i as the result of time input !

�
; then

we should have that:
!IMjt
!�

=
BIN

BIM
�
�
~e+ eit�1
~e+ ejt

��
: (43)

Therefore, as the above expression demonstrates, the presence of substantial di¤erences

in the levels of education between the two countries reduces the Gerschekronian "advantage

of backwardness." Since agents in each sector in the technologically-lagging country have

also the option of innovating new technologies rather than implementing existing ones, the

18See for example Keller (2004) or Aghion and Howitt (2005).
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transferring of technologies invented in sector k of country i is going to take place if and

only if:

(1� !IMjt )(1 + �k�
�
) > (1� !̂kjt)(1 + �k�̂

k

jt): (44)

These constitute important observations regarding the implications of technology transfer to

which we will return in the following section.

4 The Development Paths of the Two Economies

4.1 The Scope of our Quantitative Exercise

Having described all the dimensions of our theoretical uni�ed growth model, we can now

proceed to utilize its power in order to generate valuable insights regarding the relationship

between openness and long-run economic development. To do so, let us turn to a calibrated

version of the model in order to generate predictions regarding the dynamic equilibrium paths

of the two economies. The discussion is going to cover the implied dynamics both under

autarky as well as of various forms of economic interaction. Based on these predictions, I

will try to assess how the di¤erent aspects of openness under consideration, namely trade

in �nal goods and technology transfer, may in�uence the process of development in each

economy. Of course, the implications of the model in hand extend beyond the scope of this

particular exercise. Nevertheless, in this paper the focus of the analysis will be limited to the

issue of openness and the reader is referred to Milionis and Klasing (2011) for a discussion

of other closed-economy-related issues.

4.2 The Calibration Strategy

The approach followed in the calibration of the theoretical model is very much in line with

the recent body of literature that has aimed at providing quantitative growth models that

can account for the long-transition from the stagnation of preindustrial times to the recent

phenomenon of sustained economic growth. Such e¤orts include Hansen and Prescott (2002),
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Lagerlof (2006) and Voigtlaender and Voth (2006). The calibration strategy begins with the

determinations of the long-run equilibrium values for the model�s main endogenous variables

of the model, which correspond to the economy�s steady state in the modern growth regime.

This is because the Malthusian quasi-steady state will endogenously vanish (Galor and Weil

(1999)) over the course of economic development.

With that in mind, let us consider a long-run equilibrium value for the optimal number

of children �n of 1; so that the population over time converges to a constant level. For the

long-run value of education �e; let us take it to equal 0:075; which is the approximate share of

education expenditure in the national accounts among the leading OECD countries19. Also,

regarding the steady state rate of technological progress, this can be set to a value of 2:5%

per annum, so that it is consistent with modern growth accounting data.

Turning to the model parameters, let us begin by seeking values for the time costs of

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

of development. With the above considerations in mind, the time cost of education � e is

normalized to 1 as in Galor (2005), while the �xed time cost � q is set equal to 0:15; based on

the rationale of Lagerlof (2006). Given these choices, the value of the exponent of children in

the utility function, ; has to be �xed at 0:225; so that it is consistent with our steady state

choices of �n = 1 and �e = 0:075: As for the remaining parameters of the utility function � and

�;I make choices based on the historical evidence presented by Clark (2005, 2007) regarding

the consumption patterns of the working class in England over the long period from 1209

to 1914. Based on his evidence, a value of 0:8 for the parameter � and a value of 0:75 for �

seem reasonable.

For the exponent � of e¢ ciency units of labor in the production function, a choice of

0:4 seems to be in line with the consensus view, as pointed out in Hansen and Prescott

(2002). For �; the exponent of human capital in the innovation function, I pick a value of

0:2 which lies at the lower bound of the estimates that Barro (2001) and Barro and Lee

19Of course, this �gure might miss some of the actual educational attainment taking place within the
economy. However, given that in this model education is only an input to the process of the human capital
formation, I believe that this constitute an reasonable choice.
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(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, one can think a value of 2 as a reasonable choice. This is because

it balances 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. Moreover, for the spillover rate �; I resort to a contemporary value of 0:3

from Bottazzi and Peri (2003), estimated from European patent data.

In parametrizing the abstract human capital function h(eit; git); hypothesized by Galor

and Weil (2000), I follow Lagerlof (2006), who suggests the choice of,

h(eit; git) =
eit + ��

q

eit + �� q + git
:

Regarding the parameter �; I calibrate it in the same way as Lagerlof, based on the choice

of the steady state values for education �e and the growth rate �g: For the parametrization

of the trade cost function d( �AMt ); there is hardly any pre-existing work in the literature on

which one could rely. Given this, I proposes the following speci�cation,

d( �AMt ) =
~d(
�AMt )

��
;

where for the two parameters, ~d and �; the values 10 and 0:01 are chosen so that evolution

of dt seems in line with the evidence presented by Harley (1988).

For the remaining model parameters there is less concrete evidence on which we can rely

on. Given that, the selection is made as follows. The quantity of land in both countries Xi

is normalized to 1, as in Hansen and Prescott (2002), and the same is done for the level of

subsistence consumption ~c; as in Lagerlof (2006). Regarding the degree of property rights�

protection �k I follow the motivation presented in Section 1 and postulate that it di¤ers

between the two sectors of each economy. Thus, for the manufacturing sector I choose the
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value of 0:66; which seems in line with the contemporary evidence presented by Rajan and

Zingales (2003)20,while for the agricultural sector I take it to be slightly lower, namely 0:6;

in light of the evidence presented by Khan (1995).

With respect to ~e; I consider a baseline estimate of 0:0375: This is exactly half the

steady state level of education, a choice that clearly underplays the role of further human

capital accumulation in in�uencing the course of economic development. Nevertheless, as it

is discussed later on, I start with this high baseline value for this parameter to make sure

that the ability of the technologically-lagging economy to implement advanced technologies

from abroad is not inhibited. In any case though, in what follows I also perform a careful

sensitive analysis with respect to this particular parameter.

The last parameter of the model that needs to be calibrated is the economy-wide ex-

perimentation productivity parameter B: Its value is set to 2 for the case of innovation as

in Milionis and Klasing (2011), so that together with the remaining parameters the model

is able to match the stylized facts of total factor productivity growth summarized in Galor

(2005). For the implementing country, though, this value is taken to be 2:5; a choice which

seems in line with the evidence presented by Mans�eld, Schwartz, and Wagner (1991).

Finally, before proceeding to present the simulations results, I also need to set the ini-

tial conditions for the two economies. In this I follow 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 (29). In the absence of any educational

investment, the initial level of human capital should re�ect a basic skill level, and hence it

is normalized to 1: The initial number of children ni0 is also taken to be equal to 1; so that

there is no population growth in the �rst period. Given the previous choices, zi0 is chosen

20The chosen value implies that the bene�ts from an innovation to the innovator are approximately twice
the bene�ts to non-innovators.
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based on (28).

As pi0; LAi0 and L
M
i0 are equilibrium values pinned down by (33) and (23), we simply need to

choose the initial values for Li0; AAi0 and A
M
i0 ��A

i0 and�
M
i0 are very much predetermined from

the choice of ei0: Regarding the total factor productivity parameters, a natural assumption

is to force them to be equal at the initial period, AAi0 = AMi0 = Ai0; in both countries and

have them determined by the labor market clearing condition, p0�M
0 A0 = �

A
0A0(

X
h0LA0

)1��;

once the initial level of population, Li0; has been set. Finally, in order to allow for trade

between the two country to take place, I let the initial population in Country 1 to be twice

the size of Country 2 and set the latter to 0:01 so that per capita consumption in the �rst

period is exactly at subsistence level.

[w0 = z0h0 = 3

w0 = p0�
M
0 A0 = �

A
0A0(

X
h0LA0

)1��

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

in the economy given that Lt+1 = n̂tLt:]

4.3 Development under Autarky

Having described the details of the calibration strategy, let us now turn to the presentation

of the simulation results for the development paths of the two economies. As mentioned in

the previous subsection, in the initial time period the two countries are assumed to be iden-

tical in all dimensions with a sole exception. Country 1 starts o¤ with a larger population

compared to Country 2. This makes, in the absence of any di¤erences in land areas, Country

1 the relatively labor-abundant one with a comparative advantage in the production of the

manufacturing good and Country 2 the relatively land-abundant with a comparative advan-

tage in the production of the agricultural good. Hence, the natural pattern of trade between

the two countries would have Country 1 specializing in the production of manufacturing

goods and exporting them to Country 2 in return for agricultural ones.

However, before considering how trade is going to take place between the two economies
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Figure 5: The Autarkic Path of Country 1 (A)

and proceeding to analyze its dynamic e¤ects, let us begin by discussing �rst the development

paths of the two economies under autarky. Understanding this particular equilibrium is im-

portant since it may emerge even in an interdependent world in the presence of prohibitively

high trade costs, which render any trade �ows unpro�table. At the same time, the autarkic

equilibrium, also constitutes a useful benchmark for the comparison of all subsequent results.

Under autarky, the time-paths implied by the model for the two economies share many of

the features of those described in the closed-economy setup of Milionis and Klasing (2011).

Each economy starts o¤ in a Malthusian equilibrium with income per capita close to subsis-

tence levels. Over time, though, there is technological progress driven by individual innova-

tions. Yet, the resulting productivity gains will primarily be re�ected in increases in the size

of each economy�s population with income per capita continuing to stagnate.

The increase in population, however, generates a scale e¤ect as in each subsequent period

there are going to be more innovators whose experimentation activities will lead to larger

gains in productivity. This spurt in productivity growth is also enhanced by the gradual

shift of economic activity from agriculture to manufacturing, that takes place as land-labor
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Figure 6: The Autarkic Path of Country 1 (B)

ratios fall21. More importantly, this ever-increasing pace of technological progress eventually

triggers investments in education by parents who then choose to endow their o¤spring with

a larger amount of human capital enabling them to prosper in a rapidly-changing economic

environment. Yet, the shift of households towards children of higher "quality" comes at the

expense of "quantity," namely the actual number of children that they decide to have. This

change in the parents�behavior, thus, generates a demographic transition, which allows the

economy to restrain population growth and channel most of the gains from technological

progress towards sustained increases in per capita income.

These features can be seen in Figures 5, 6, 7 and 8 that present the evolution of several

of the key endogenous variables for Country 1 and Country 2 under autarky. The �gures

include the economies�population Lit; productivity in agriculture AAit; income per capita zit;

the relative size of the manufacturing sector uit; the level of education eit, the fertility rate

nit; and the growth rate of technology �git22. By comparing the two time paths it becomes

21Thus, this model shares the feature of Hansen and Prescott (2002) that the decreasing return to agri-
culture over the course economic development eventually trigger a structural transformation of the economy
towards manufacturing. Nevertheless, it needs to be pointed out that this feature by itself is not su¢ cient
to generate sustained economic growth.
22Note that the horizontal axis corresponds not to time periods but to generations, where each generation
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Figure 7: The Autarkic Path of Country 2 (A)
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Figure 8: The Autarkic Path of Country 2 (B)
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Figure 9: Comparing the Autarkic Paths of Countries 1 and 2

apparent that, despite their qualitative similarities, they imply a di¤erential timing of the

structural transformation, the demographic transition and the "take-o¤" of per capita income

for the two economies. This is because Country 1, that starts o¤ with a higher population,

will bene�t from a larger scale of economic activity, and thus, experience faster growth at any

given point in time. Therefore, we should keep in mind that, although in the long-run the

two economies are going to converge to the same steady state, their distinct initial conditions

mean that they will experience di¤erent development paths. This fact is better demonstrated

in Figure 9 where the time paths of population and the growth rate of technology for the

two countries are superimposed.

4.4 The E¤ect of International Trade

Having presented how development takes place in each economy under autarky, let us now

turn to the case where the two economies also trade with each other. As explained earlier,

given the di¤erential factor endowments, it is expected that Country 1, which is in relative

should roughly be thought as corresponding to 20 years.
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terms more labor-abundant, will specialize in the production of the manufacturing good

and exports it to Country 2. However, in the presence of positive trade costs this pattern

is only going to materialize if the resulting relative price di¤erence is high enough to also

compensate for these costs. Otherwise, no trade will take place and the countries will remain

in the autarkic equilibrium.

Nevertheless, even in the absence of any trade �ows between the two countries during

the early stages of development, it is likely that over time such �ows will be observed due

primarily to two forces. First of all, the faster pace of technological progress in Country

1 and the resulting expansion of the manufacturing sector will trigger a more precipitous

fall of the relative price of manufacturing good than in Country 2 increasing the relative

price dispersion. At the same time, the global expansion of the technological frontier will

reduce the cost of trading between the two economies making it easier for foreign producers

to sell their products in each country. These two forces can be seen in Figure 10 that

depicts the evolution of the relative price ratio as well as the Heckscher commodity points

and demonstrates how economic development leads to the emergence of international trade.

It should be noted also that once the two economies start trading, the resulting �ows will

prohibit any further increases in the relative price ratio beyond the current level of the trade

cost.

Trade between the two countries will follow the pattern described previously with Country

1 specializing in manufacturing goods and Country 2 in agricultural goods. Over time

though, the resulting specialization in production will facilitate the structural transformation

process in Country 1, while in Country 2 it will cause its deceleration or even reversal.

Of course, as long as both sectors of the economy can serve equally well as engines of

growth, the resulting specialization pattern will not be detrimental for Country 2�s economic

development. However, under our working assumption that property rights are better de�ned

and protected in the manufacturing sector, Country 2 will experience slower growth rates

along the trade equilibrium in comparison to what the country would have experienced

under autarky. Moreover, these slower growth rates in our framework will further delay the
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Figure 10: The Relative Price Ratio and the Heckscher Commodity Points

demographic transition in the economy and inhibit the emergence of sustained economic

growth. To demonstrate this Figure 11 presents the evolution of the level of income per

capita z2t and the growth rate of technology �g2t of Country 2 under autarky as well as in

the case of trade. As it becomes apparent from the �gure, trade with Country 1 causes a

slow-down of the transition process in Country 2 by almost 40 generations.

This �nding is very much in line with the view of Galor and Mountford (2008), who also

show that trade between two countries that are at di¤erent stages of economic development

and the resulting specialization pattern adversely a¤ect the process of economic development

in the following country. Of course, in their case the mechanism in play is di¤erent. Speci�-

cally, Galor and Mountford emphasize the di¤erential complementarity of human capital as

an input in the agricultural and manufacturing production, which alters the incentives for

investment in education in a manufacturing-based economy compared to a predominantly

agricultural one. Nevertheless, this result as well as theirs are clearly both pointing in the

same direction, namely that trade between developed and less developed economies may have

asymmetric e¤ects on the long-run development potential of each economy and be a source

of divergence. The only substantial di¤erence between this and their analysis is the fact that
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Figure 11: Development in Country 2 under Autarky and Trade

in this model the adverse e¤ect of trade is not caused by variations in nature of technological

progress. Thus it can occur even among countries that would otherwise converge to the same

steady state equilibrium23.

4.5 The Combined E¤ect of Trade and Technology Transfer

The analysis up until now is supportive of the view that international trade -particularly when

taking place among countries which are at di¤erent stages of economic development- can lead

to diverging development paths for the trading parties. This view has strong implications

for the debate on appropriate trade policies for developing countries. It suggests that such

countries should aim at raising barriers to any form of trade with more economically advanced

countries that naturally have the comparative advantage in the more dynamic industries.

Nevertheless, in what follows I would like argue that, despite the presence of this nega-

23With that in mind let us note here that, although in the model trade is triggered by di¤erences in factor
endowments between the two economies, it is not a pure Heckscher-Ohlin e¤ect. This is because, given
the endogenous nature of technological progress, these di¤erences in factor endowments will over time be
re�ected in distinct comparative advantages. Thus, our model encompasses also Ricardian elements when
accounting for the emergence of international trade.
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tive e¤ect coming from trade and specialization, the overall e¤ect of economic openness on

development may actually be positive. Hence, it is not the case that developing countries

should always refrain from liberal trade policies and seek to protect their manufacturing

sectors. The reason for this is due to the fact that economic interaction with more advanced

countries carries also an additional positive e¤ect for developing countries. This is the �ow of

advanced technologies that takes place from the countries that are closer to the cutting-edge

frontier.

Incorporating technology transfer in our simple two-country setup allows whichever coun-

try is a technological follower to implement technologies invented by the technological leader.

Based on the assumptions regarding initial endowments, it must be that Country 1 here con-

stitutes the technological leader. This is due to its larger size and the resulting scale e¤ect

that leads the country to experience faster growth, particularly in the early stages of devel-

opment. Thus, if the opening up of the two economies to trade is accompanied by technology

transfers from Country 1 to Country 2, then this �ow would increase the pace of technologi-

cal progress in Country 2, as it enables the implementation of already invented technologies

from Country 1.

As it was argued in Section 3, though, there is an important condition which is necessary

in order for the bene�cial e¤ect of technology transfer to materialize. This is the absence of

any substantial di¤erences in the level of education between the two countries. Otherwise,

as it was shown above, the innovations produced in the leading economy, which embody the

level of education of their innovators, will be too complex to be implemented in a follower

economy given the workforce�s own education.

This factor is re�ected in the e¤ective education gap ratio,

Et �
~e+ eit�1
~e+ ejt

;

as expression (43) reveals. The evolution of this ratio over the course of economic devel-

opment is presented in Figure 12 The expansion of the gap re�ects the early demographic
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Figure 12: The E¤ective Education Gap

transition in Country 1, while the contraction begins once the demographic transition in

Country 2 is on the way. Of course, the size of this gap depends on a wide set of factors,

given that any variable that in�uences the rate of technological progress in each economy

should indirectly a¤ect also the education choices made by the agents. To simplify the analy-

sis, however, in what follows I will concentrate on changes triggered by di¤erential values of

the parameter ~e: These are changes which increase or decrease the e¤ective gap but which

do not come from the actual education choices made in the leading and the following coun-

try. Instead of that, they re�ect the importance of basic cognitive skills not transmitted via

formal education.

To begin with, let us consider the baseline case where ~e = 0:0375: This, as we argued

previously, constitutes a relatively high value, since the e¤ective education gap will be at most

twice that number. Hence, the importance of the education gap between the two economies

is mitigated and the transferring of technologies from Country 1 to Country 2 is facilitated.

This case corresponds to the red line in Figure 12. The results from the baseline case is then

compared with an alternative scenario where ~e = 0:015: This scenario corresponds to the

green line in Figure 12 where the e¤ective education gap between Country 1 and Country
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Figure 13: Development in Country 2 under Autarky, Trade and Technology Transfer (Case
I)

2 may grow to �ve-fold ratios. As a consequence the transferring of advanced technologies

from Country 1 becomes more costly and this limits the positive in�uence of technology

transfer on Country 2�s economic development.

To assess now the combined e¤ect of trade and technology transfer, Figures 13 and 14

present the evolution of the level of income per capita zit and the growth rate of technology

�git in Country 2 in the world where the opening up of trade between the two countries is

accompanied with opportunities for the transferring of advanced technologies. These time

paths are then contrasted with the case of autarky and the case of trade without technology

transfer which are re�ected in the two dimmer lines. Figure 13 corresponds to the case where

~e = 0:0375 leading to a smaller e¤ective education gap. As a result, the incorporation of

technology transfer generates a strong positive e¤ect on the rate of technological progress

in Country 2. This overcomes the detrimental e¤ect of trade making the combined e¤ect

of the two forces positive, and thus, allows for a faster development process in Country 2

compared to autarky. On the other hand, Figure 13 corresponds to the case where ~e = 0:015

leading to a large e¤ective education gap. This limits the possibilities for technology transfer
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Open-Economy Solution Autarky
~e 0 :0375 0 :025 0 :01875 0 :015 0 :0125 0 :01 0 :0375
t� 195 201 220 234 245 245 205

Notes:
t� corresponds to the �rst generation of adult agents deciding to invest in the education of
of their children.

Table 1: The Combined E¤ect of Trade and Technology Transfer

causing the negative e¤ect of trade to dominate. Therefore, in this case Country 2 ends up

experiencing a slower development process when opening up than under autarky.
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Figure 14: Development in Country 2 under Autarky, Trade and Technology Transfer (Case
II)

To make this point clearer, the following table presents the combined e¤ect that trade

and technology transfer have on the development process of Country 2 for di¤erent values

of the ~e parameter. To capture this e¤ect we focus on how changes in ~e are re�ected in

the timing of the demographic transition, namely the number of generations, denoted by t�;

that have to elapse before the growth rate of technology in Country 2 reaches the crucial

threshold g�; above which parents start investing in the education of their children.

This last exercise demonstrates more formally two important facts. First of all, it con�rms
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the intuition mentioned earlier that as the e¤ective education gap between the two countries

widens, this limits the possibilities for technology transfer from the leading to the following

one and thus reduces its bene�cial e¤ect. The reason is that advanced technologies embody

the education level of their innovator. As more educated individuals are able to produce

more complex innovations, an expansion of the education gap imposes further limits to who

is able to implement these new innovations of increasing complexity. Furthermore, a rising

education gap between the two economies will not only make the transferring of technology

a more di¢ cult process, it may also render it unpro�table. This is due to the threshold

(44) below which agents in the following country would prefer to create new technologies

themselves, rather than implementing existing one from abroad. Thus, between countries

that di¤er vastly in their level of human capital, there may be no possibilities for technology

transfers, in which case economic interaction is only going to carry the detrimental e¤ect of

trade.

5 Empirical Evidence

Having discussed the model and its main predictions, in this section I will make an attempt

to confront the predictions with empirical evidence based on growth regressions. I will begin

with a set of standard cross-country growth regressions focusing on the period between 1950

and 2008, that include an interaction term between the log of initial income and the initial

level of human capital as well as the extent to which countries are engaged in international

trade. I will then present a set of panel regressions for the same time-period that will allow

for the inclusion of both country and time �xed e¤ects. Furthermore, given the paper�s

focus on long-run economic development, I will also look for supporting evidence over a

longer time-horizon extending the panel regression setup to include also the period 1870 to

1949. This longer time-period has the advantage of spanning three di¤erent eras. These

are the �rst globalization era (1870-1913) characterized by the expansion of world trade

(O�Rourke and Williamson (2005)), the interwar period (1919-1939) that was marked by a
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global retreat to economic protectionism and the post-World-War-II era that has been the

focus of the bulk of the empirical growth literature following the early contributions of Barro

1991 and Mankiw, Romer, and Weil (1992).

5.1 Data Sources

My main source for data on population and GDP per capita across countries is Maddison

(2001). I use the Maddison dataset as it is the only one that provides information on both

variables for a substantial number of countries going back to 187024. As an alternative source,

I also use the information on both population and GDP per capita from Penn World Tables

version 7. However, the data of Penn World Tables only cover the period from 1950 to 2009

and are available for a smaller number of countries. For this reason and given that these

sample restrictions do not a¤ect the main empirical results presented below, in what follows

I will only be reporting results based on the Maddison dataset.

In addition, I use Penn World Tables to obtain a measure of trade openness, which

corresponds to the sum of imports and exports over total GDP. To measure openness prior to

1950, I construct a similar measure based on the historical import and export data provided

by the Correlates of War project combined with the GDP estimates from Maddison25.

To measure human capital during the period 1950-2008, I use the average years of school-

ing in the population above 25 years of age reported by Barro and Lee (2010). To measure

human capital in periods prior to 1950 I resort to the historical dataset of Benavot and

Riddle (1988). They provide information on primary school enrollments rates for several

years during the period 1870 to 1940. In order to analyze the importance of human capital

for convergence for the entire period 1870 to 2008, I need to resort to a measure of primary

24Maddison continued to update this dataset until the time of his death in 2010. As a result of all this
meticulous e¤ort, the population series in the latest version was extended to 2009 and the per capita GDP
series until 2008.
25The construction of this historical openness indicator requires the conversion of the PPP-adjusted

constant-price per capita GDP series of Maddison to its corresponding current price series to match the
current price data on imports and exports. To do this conversion I rely on a technique proposed by Prados
2000, which allows for the estimation of historical PPP factors from a regression of real GDP on nominal
GDP. Details on how this conversion was performed can found in Appendix II.
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school enrollment rates also for the period 1950 and 2008. For this latter period, the pri-

mary school enrollment rate is proxied by the fraction of people between the age of 15 and

19 having at least some schooling and reported in Barro and Lee 201026.

Finally, in all empirical speci�cations, I control for a number of additional variables that

have been identi�ed in the empirical growth literature as being signi�cantly correlated with

the rate of economic growth. These include investment rates and government consumptions

measures obtained from Penn World Tables, population growth rates calculated from Mad-

dison, the constraints placed on the executive index available from the Polity IV Project

data set - a widely used measure of institutional quality - and geographical variables such as

the absolute degrees of latitude of each country.

5.2 Cross-Sectional Estimates (1950-2008)

As a starting point, I estimate a standard growth regression for a cross-section of countries

over the period from 1950 to 2008. Speci�cally, given the predictions of the theory regarding

how human capital di¤erences can permit convergence or trigger divergence among developed

and less developed economies, I estimate the following speci�cation, which similar to that

employed by Aghion, Howitt, and Mayer-Foulkes (2005):

gi � gUS = �0 + �1
ln y50i
ln y50US

+ �2h
50
i + �3hi

ln y50i
ln y50US

+ �4OPENi � hi �
ln y50i
ln y50US

+ Xi + "i: (45)

gi denotes average growth rate of per capita GDP in country i over the period, y50i denotes

the level of per capita GDP in the year 1950. gUS and y50US are the corresponding variables for

the United States, which we take to be the technology leader. h50i is human capital in 1950,

measured as the average years of schooling reported by Barro and Lee (2010) and OPENi is

26This proxy is employed due to the lack of alternative data. It can be considered an upper bound of the
true primary school enrollment rate, as some of the people in the age group 15 to 19 years of age might
have just recently aquired some education, but might have not been enrolled in primary school as children.
However, the bias resulting from this is negligible, as in fact this so proxied primary enrollement rate in 1960
is correlated with the true primary school enrollement rate in 1960, provided by Barro (2001), at a level of
88%.
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a dummy variable taking a value of 1 if a country�s average level of trade openness is above

the sample mean and 0 otherwise. Finally, Xi denotes a set of control variables that will be

discussed below.

Dep Var.: gi  gUS (1) (2) (3) (4)

ln(y i ) ln(yUS) 0.179 0.156 0.195 0.153
[0.178] [0.175] [0.166] [0.170]

avg. years of schooling, age 25+ 0.166* 0.173** 0.0268 0.0178
[0.0847] [0.0823] [0.0878] [0.0973]

dlny * school 0.128** 0.108** 0.122** 0.142***
[0.0533] [0.531] [0.0504] [0.0528]

dlny * school * high trade 0.133** 0.164*** 0.102*
[0.0594] [0.0567] [0.0586]

absolute latitude 0.0312***
[0.00831]

executive constraints 0.226***
[0.0791]

Observations 114 114 114 114
Adj. Rsquared 0.2419 0.2686 0.3469 0.3136

Table 1: CrossSectional Regressions, 19502008

The results from the estimation of the above speci�cation are reported in Table 1. As

can be seen in the second column of the table all four coe¢ cients �1; �2; �3 and �4 have

the expected signs, and, with exception of �1, are statistically signi�cant at the 5% level.

Speci�cally, we observe that human capital has a positive e¤ect on the country�s growth

rate relative to the United States. Also this growth rate is negatively related to the gap in

terms of initial level of income with the United States, which indicates that countries are

converging in per capital GDP with the United States. Moreover, the negative estimates �3

and �4 indicate that convergence is faster for countries with a higher level of initial human

capital and that this convergence force is ampli�ed if a country is relatively more open to

trade. This �nding indicates that in the post-World-War-II period convergence was fastest

for open economies that started o¤ with a relatively high level of human capital.

Using the estimated coe¢ cients of column 2 it is also possible to calculate the rate of
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convergence. Speci�cally, the results documented in column 2 imply that a country with a

level of initial human capital equal to the mean, which is close to the human capital levels

of Spain, Paraguay or Namibia in our sample, were converging at an annual rate of 0.4% if

they were relatively less open to trade -which is the case the Paraguay and Spain- and at

a rate of 0.8% if they were relatively more open to trade -which is the case for Namibia.

These estimates are close to cross-sectional convergence rates documented by Islam 1995

that lie between 0.5% and 1% depending on the set-up. Moreover, the coe¢ cients imply

that a country that is relatively more open to trade and whose level of human capital is

equal to the 75th percentile of the human capital distribution in this sample will experience

a convergence rate of 1% which is twice the speed at which an open economy with human

capital equal to the median of the human capital distribution would converge.

Turning now to columns 3 and 4, we can see that the above results are robust to the

inclusion of other variables such as absolute latitude and the average value of constraints

on the executive over the sample period. I focus on these two variables as they capture key

geographical and institutional aspects that may be important determinants of comparative

economic development. Yet, it should be pointed out that the estimates are robust to the

inclusion of a wide set of other control variables which I do not report here for the sake of

brevity, as the issue of robustness will be discussed more thoroughly in the next subsection.

As an alternative to the speci�cation of equation (45) I can consider a setup where I do

not distinguish between more and less open economies, but rather allow the e¤ect of human

capital in fostering convergence to vary with the degree of openness. With that in mind I

estimate the following equation:

gi � gUS = �0 + �1
ln y50i
ln y50US

+ �2h
50
i + �3opi � hi �

ln y50i
ln y50US

+ Xi + "i; (46)

where opi denotes the average degree of openness of country i over the period. The results

for this speci�cation are displayed in Table 2 and are very similar to those of Table 1 with
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coe¢ cient �3 being always negative and statistically signi�cant
27. Moreover, as demonstrated

in columns (2), (3) and (4), the interaction term retains its sign, magnitude and statistical

signi�cance even when additional controls variables are included in the model28.

Dep Var.: gi  gUS (1) (2) (3) (4)

ln(y i ) ln(yUS) 0.261* 0.291* 0.298* 0.272
[0.156] [0.148] [0.152] [0.299]

avg. years of schooling, age 25+ 0.226*** 0.0744 0.103 0.134
[0.0662] [0.0751] [0.0774] [0.115]

dlny * school * trade 0.00148** 0.00189*** 0.00159*** 0.00239***
[0.000573] [0.000555] [0.000557] [0.000813]

absolute latitude 0.0312***
[0.00850]

executive constraints 0.220***
[0.0776]

private credit 0.0216***
[0.00622]

Observations 114 114 114 63
Adj. Rsquared 0.2475 0.324 0.2929 0.3851

Table 2: CrossSectional Regressions, 19502008

The results of the above documented regressions lend some support to the predictions

of the theory regarding the role of human capital in facilitating convergence, particularly

among open economies. However, given the cross-country setting, the regression results may

su¤er from an endogeneity bias, driven by the potential omission of other important factors

correlated with both initial human capital and growth. To mitigate this potential problem,

in what follows, I will re-estimate the above model using panel data, including both country

and time �xed e¤ect, which would eliminate any bias stemming from the presence of time-
27This is a more indirect test of the model prediction as this set-up does not allow me to distinguish

whether trade itself fosters convergence directly or whether it ampli�es convergence taking place through
human capital. The regression results, though, indicate that they results of Table 1 are not driven by the
possibly arti�cial separation of country into more or less open. However, given that this second speci�ciation
is probably less meaningful as a means of testing the model prediction in what follows, I will no longer report
regressions based on this interaction term with the level of trade openness.
28The table only reports the robustness of the speci�cation to same controls introduced in Table 1. Yet,

it should be mentioned that this speci�cation is also robust to the inclusion of a wide set of other control
variables.
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invariant country speci�c factors or time trends that may in�uence the growth performance

of the countries in this sample.

5.3 Panel Estimates (1950-2008)

Focusing on the same period, 1950-2008, I turn in this section to a similar speci�cation as

that of equation (45) in a panel setting where growth is now measured as the average growth

rate over 10 year intervals. Speci�cally, I estimate the following equation,

gi;t�gUS;t = �0+�1
ln y0i;t
ln y0US;t

+�2h
0
i;t+�3h

0
i;t

ln y0i;t
ln y0US;t

+�4OPENi;t�hi;t
ln y0i;t
ln y0US;t

+Xi;t+�i+�t+"i;t;

(47)

where gi;t denotes growth in country i over the interval t; y0i;t per capita GDP in country i

in the initial year of period t; h0i;t human capital in country i in the initial year of period t;

and OPENi;t a dummy variable taking the value of 1 if country i has an average value of

openness in period t above the mean and zero otherwise.

Dep Var.: gi  gUS (1) (2) (3) (4) (5) (6) (7)

ln(y i ) ln(yUS) 1.954*** 2.034*** 2.137*** 2.050*** 2.074*** 2.475*** 1.925***
[0.504] [0.501] [0.504] [0.504] [0.502] [0.487] [0.492]

avg. years of schooling, age 25+ 0.324 0.324* 0.322 0.321 0.363* 0.157 0.406**
[0.197] [0.196] [0.195] [0.196] [0.199] [0.190] [0.193]

dlny * school 0.168** 0.129* 0.152** 0.127* 0.126* 0.110* 0.174**
[0.0679] [0.0686] [0.0700] [0.0690] [0.0686] [0.0661] [0.0682]

dlny * school * high trade 0.0994*** 0.0797** 0.0989*** 0.0995*** 0.0834*** 0.0912***
[0.0329] [0.0352] [0.0330] [0.0329] [0.0318] [0.0324]

trade in % of GDP 0.00817
[0.00520]

executive constraints 0.022
[0.0830]

population grow th 18.97
[16.70]

investment in % of GDP 0.107***
[0.0171]

government spending in % of GDP 0.150***
[0.0349]

Time Fixed Effects Yes Yes Yes Yes Yes Yes Yes
Country Fixed Effects Yes Yes Yes Yes Yes Yes Yes

Observations 618 618 618 618 618 618 618
Adj. Rsquared 0.458 0.467 0.4686 0.4660 0.4673 0.5062 0.4857

Table 2: Panel Regressions, Decades, 19502008

The estimation results for the above speci�cation are reported in Table 3. As can be seen

from columns (1) to (9), the coe¢ cient �1 of initial income di¤erences is always negative
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and statistically signi�cant, and so are the coe¢ cients �3; �4 of the interaction terms. As it

becomes apparent by looking at columns (3) to (9) of Table 3, the main results -namely that

of trade fostering convergence via the channel of human capital- are robust to the inclusion

of various control variables that are typically considered in the empirical growth literature.

These include the aforementioned constraints on the executive, government consumption,

investment rate, population growth and the rate of in�ation. Moreover, in column (3) I also

control for the level of trade to test for a possibly more direct e¤ect of trade on economic

growth driven, for example, by specialization or economies of scale. Again, the inclusion of

this variable does not alter the e¤ect of our main variables of interest.

This fact together with the presence of country and time �xed e¤ects makes one more

con�dent that the estimation results are indeed pointing to an important channel through

which human capital in�uences growth and not a spurious relationship. To give an idea of

the magnitude of these coe¢ cients, I recalculate the rate of beta convergence based on the

estimates for �1, �2 and �4. For a country whose human capital is equal to the mean of

human capital over the entire sample period, and that is not much engaged in international

trade the annual implied convergence rate is 2.7 percent, while if this country had instead

been relatively more open to trade, it could converge at a rate of 3.2 percent. On the other

hand, a country whose level human capital is 70 percent higher - which corresponds to the

di¤erence in human capital between the 75th percentile and the median of the human capital

distribution, would converge at rates of 3.1% and 4% respectively, i.e. its convergence rate

would be 17 to 48 percent higher depending on whether it is open to trade or not29.

Finally, following Aghion, Howitt, and Mayer-Foulkes (2005), I also consider the possi-

bility that one or more of the other control variables may in�uence the speed of convergence

of countries. Speci�cally, in Table 4, I allow for interactions of the ratio of initial incomes

with the control variables. As the table documents, these interactions have no e¤ect on our

29The fact that the rate of convergence seems to be much faster in the panel data regression than in
cross-country data is in line with the evidence documented by Islam 1995. Islam �nds an average annual
rate of convergence of about 4 percent in his 1960-1985 panel data model that includes human capital, which
is close to the value found here.
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main channel and in fact most of these possible alternative convergence channels seem to

not be signi�cant.

5.4 Panel Estimates 1870-2008

Finally, given the long-run focus of the analysis, it would be worthwhile to investigate whether

the predictions of the theory also hold true when looking at a longer time period. To do so,

I extend the above panel regression to include observations starting from the year 1870, to

capture the "�rst globalization era" that started in the late 1870s and ended with the First

World War. The employed regression speci�cation is identical to that of equation (47) and

uses di¤erences in growth rate between each country and that of the United Stated averaged

over each 10 year interval as the dependent variable. In contrast to the previous regressions,

though, the measure of human capital employed here is the primary school enrollment rate

reported by Benavot and Riddle (1988). This is because data on average years of schooling

are not widely available for the years prior to 1950.

The results of this extended panel regression are documented in Table 5. Column (2)

shows the baseline model, and in columns (3) to (5) trade openness, executive constraints

and population growth are added as control variables30. As Table 5 shows the coe¢ cient �4

is again signi�cantly negative, indicating that a high level human capital fosters convergence

in countries that are open to trade. Interestingly, in contrast to the previously documented

panel results based on data from the period 1950 to 2008, the interaction term between

initial log per capita income and human capital is here not signi�cant, indicating that this

channel of convergence is only available to countries that are relatively open to trade, but

that this e¤ect is not present in countries that are relatively closed. The rate of convergence

for trading economies implied by the coe¢ cients shown in Table 5 is 2.7 percent -evaluated

at the mean of human capital over the entire sample period- slightly lower than the estimate

of 3.2 percent which I found based on the 1950-2008 panel estimates. This is not surprising

30Due to the lack of data, the investment rate, government consumption and in�ation used as controls in
the previous tables cannot be employed in this sample.
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Dep Var.: gi  gUS (1) (2) (3) (5) (6) (7)

ln(y i ) ln(yUS) 2.213*** 1.834*** 0.367 2.102*** 0.157 2.029***

[0.538] [0.551] [0.726] [0.650] [0.607] [0.530]

avg. years of schooling, age 25+ 0.342* 0.258 0.591*** 0.166 0.476** 0.329*

[0.202] [0.207] [0.209] [0.191] [0.189] [0.198]

dlny * school 0.161** 0.106 0.237*** 0.118* 0.194*** 0.126*

[0.0736] [0.0724] [0.0763] [0.0666] [0.0668] [0.0694]

dlny * school * high trade 0.0837** 0.0992*** 0.0988*** 0.0835*** 0.0830*** 0.0994***

[0.0365] [0.0330] [0.0326] [0.0318] [0.0317] [0.0331]

trade in % of GDP 0.0107

[0.00819]

dlny * trade 0.00155

[0.00386]

executive constraints 0.148

[0.194]

dny * executive constraints 0.0831

[0.0858]

population grow th 113.3***

[33.58]

f lny * population grow th 43.76***

[13.56]

investment in % of GDP 0.0773**

[0.0383]

dlny * investment 0.0142

[0.0163]

government spending in % of GDP 0.461***

[0.0735]

dlny * government spending 0.147***

[0.0307]

inf lation 0.0872

[0.102]

dlny * inf lation 0.00583

[0.0414]

Time Fixed Effects Yes Yes Yes Yes Yes Yes

Country Fixed Effects Yes Yes Yes Yes Yes Yes

Observations 651 651 651 651 651 651

Adj. Rsquared 0.4677 0.4659 0.4767 0.506 0.5081 0.4661

*** p<0.01, ** p<0.05, * p<0.1; standard errors in brackets

Table 4: Panel Regressions, Decades, 19502008
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Dep Var.: gi  gUS (1) (2) (3) (4) (5)

ln(y i ) ln(yUS) 2.027*** 2.093*** 2.137*** 2.092*** 1.973***
[0.503] [0.501] [0.502] [0.501] [0.503]

primary school enrollment rate 0.0134 0.0114 0.0112 0.0112 0.0149
[0.0117] [0.0117] [0.0117] [0.0117] [0.0118]

dlny * school 0.00454 0.00263 0.00319 0.00256 0.0048
[0.00544] [0.00545] [0.00547] [0.00546] [0.00554]

dlny * school * high trade 0.00537*** 0.00446** 0.00540*** 0.00529***
[0.00176] [0.00191] [0.00177] [0.00176]

trade in % of GDP 0.0051
[0.00414]

executive constraints 0.013
[0.0578]

population grow th 24.58**
[11.78]

Time Fixed Effects Yes Yes Yes Yes Yes
Country Fixed Effects Yes Yes Yes Yes Yes

Observations 900 900 900 900 900
Adj. Rsquared 0.3966 0.4032 0.4036 0.4024 0.4058

Table 5: Panel Regressions, Decades, 18702008

given that the mean of human capital in the latter period is signi�cantly greater and given

that the long sample period also includes the turbulent war and interwar years.

Furthermore, utilizing the fact that the period from 1913 to 1945, that encompasses the

two World Wars and the Great Depression, was marked by sharp reduction of international

trade and a return to economic protectionism, I consider an alternative test of the pro-

posed theory. Speci�cally, if the convergence fostering e¤ect of human capital operate via

technology transfer which depends on the degree of openness, then one would expect this

channel to be absent during the turbulent war and interwar periods. With that in mind, I

re-estimate the speci�cation of (47) with growth now measured over the three periods 1870-

1912, 1913-1949 and 1950-2008. In this speci�cation I also replace the openness indicator

with a dummy that takes the value of 1 for the periods 1870-1912, 1950-2008 and the value

of 0 for the period 1913-1949.

The results of this speci�cation are reported in Table 6 and indicate that while the e¤ect

of human capital in fostering convergence was present in both the 1870-1912 and 1950-2008

periods, it doesn�t seem to play much of a role during the 1913-1949 period. Given that
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Dep Var.: gi  gUS (1) (2) (3) (4) (5)

ln(y i ) ln(yUS) 0.059 0.0343 0.0209 0.153 0.0806

[0.366] [0.331] [0.324] [0.340] [0.369]

primary school enrollment rate 0.0209*** 0.0203*** 0.0192*** 0.0212*** 0.0209***

[0.00694] [0.00626] [0.00612] [0.00625] [0.00660]

dlny * school 0.0151*** 0.00107 0.00132 0.00209 0.00137

[0.00392] [0.00527] [0.00513] [0.00528] [0.00541]

dlny * school * pre/postw ar dummy 0.0150*** 0.0138*** 0.0150*** 0.0150***

[0.00415] [0.00409] [0.00412] [0.00420]

trade in % of GDP 0.00771*

[0.00400]

executive constraints 0.0536

[0.0396]

population grow th 2.996

[10.08]

Period Fixed Effects Yes Yes Yes Yes Yes

Country Fixed Effects Yes Yes Yes Yes Yes

Observations 169 169 169 169 169

Adj. Rsquared 0.8645 0.8899 0.8955 0.8916 0.8879

*** p<0.01, ** p<0.05, * p<0.1; standard errors in brackets

Table 6: Panel Regressions, Periods, 18702008
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the events leading to the two World Wars and the Great Depression were exogenous to the

development paths of most of the countries in our sample, this �nding seems to indicate that

also the results of Table 5 and also those of Table 4 are unlikely to driven by a potential

time-varying country-speci�c omitted variable bias.

6 Concluding Remarks

The dynamic relationship between the degree of openness of a given economy and its long-

run economic performance has been at the centre of attention for economists since the

emergence of economics as a science. This is no wonder given the fundamental nature of

such a relationship for the analysis of issues related to international trade and economic

development, as well as for the design of appropriate policies in such areas. Despite the

presence of an extensive literature on this topic, though, there is still no consensus view

among economists regarding both the positive and the normative dimensions of the issue.

In this paper I have attempted to o¤er a novel perspective on this important debate,

utilizing the framework provided by uni�ed growth theory. Focusing on two distinct ways

in which openness may in�uence a country�s course of economic development, namely via

specialization and trade as well as via technology transfer, the analysis o¤ered the following

conclusions. For developed economies that have already gone through the �rst stage of

the industrialization process, openness has an unambiguously positive e¤ect for long-run

economic development. This is due to the e¤ect of trade fostering further specialization in

the production of manufacturing goods, which accelerates the structural transformation and

boosts growth. For less developed economies, however, where industrialization is still at a

nascent stage, the e¤ect of openness and economic integration with developed economies

was shown to be ambiguous. This is because trade integration, for such economies, leads

to specialization in agriculture and thus inhibits the structural transformation process. Yet,

this adverse e¤ect of openness can be countered by the gains that less developed economies

may have from technology di¤usion.
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Particularly, with respect to this last point, the paper argued that the combined e¤ect

of trade and technology transfer is more likely to be positive for less developed economies

characterized by relatively high levels of human capital at the time of economic integration.

This is because the economy-wide level of human capital a¤ects crucially the ability of such

countries to access and implement advanced technologies from the frontier. Hence, in less

developed economies with high levels of human capital the bene�ts from technology transfer

dominate the adverse e¤ects of specialization and economic integration over time can lead to

convergence with more developed economies. Yet, as the analysis demonstrated, convergence

is not expected to be universal. Less developed economies characterized by relatively low

levels of human capital at the time of economic integration will not necessarily bene�t from

joining the global economy and may diverge in terms of per capita income. This is because a

low level of human capital reduces the ability of such economies to utilize existing technologies

developed elsewhere. Thus, the gains from technology transfer in this case will be smaller

and the negative e¤ect of trade and specialization dominates.

This main prediction of the theoretical analysis regarding convergence was tested em-

pirically using data from1870, which marked the beginning of the �rst globalization era,

until today. Employing both cross-sectional and panel data speci�cations, it was shown that

there is a strong positive e¤ect of human capital fostering convergence across countries and

that this e¤ect is even stronger among open economies, exactly as the theory would predict.

Moreover, this e¤ect was shown to be robust to the inclusion of various control variables

that the empirical growth literature has identi�ed as important determinants of the growth

performance of di¤erent countries. These �ndings demonstrate the potential of the proposed

theory in accounting for the comparative economic performance of various countries and

regions of the world in the long run. At the same time, the �ndings suggest an explanation

why the relationship between openness and growth, which has received a lot of attention in

the empirical literature, may be more subtle than what previous research has considered it

to be.
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7 Appendix

In this appendix discuss how I construct the measure of openness for the periods prior to

1950 which is used in the empirical analysis of Section 5. To do so I resort to data on imports

and exports going back to 1870 taken from the Correlates of War (COW) project. These

data are expressed in current U.S. Dollars. In order to derive estimates of trade openness,

the total value of trade has to be divided by GDP. However, for the period prior to 1950 I

have no value for nominal GDP. The data from Maddison (2001) are expressed in constant

prices (using the year 1990 as the base year) and also corrected for di¤erences in purchasing

power parity. Hence, the trade data cannot be directly compared with the available GDP

data. Thus, in order to calculate the ratio of trade to GDP, �rst of all, the GDP data from

Maddison have to be converted from constant U.S. Dollars (with base year 1990) to current

U.S. Dollars. Secondly, these still PPP-adjusted estimates of GDP per capita have to then

be converted into their corresponding non PPP-adjusted values.

Regarding the �rst point - the conversion of the constant price GDP series into a current

price series - this can be achieved by multiplying the series with the Consumer Price Index

of the U.S., using the year 1990 as the base year. This correction was done using the CPI

estimates provided by MeasuringWorth31, a standard source for historical price data.

Regarding the second point - the conversion of PPP adjusted GDP into non PPP adjusted

GDP - I follow Prados de la Escosura (2000) and estimate a structural relationship between

non PPP-adjusted GDP and GDP adjusted for PPP, plus an additional set of explanatory

variables. The estimated parameters from this relationship are then used to make out of

sample forecasts of the level of non PPP-adjusted GDP for countries and years where only

the independent variables - i.e. PPP-adjusted GDP and other control variables - are

observed but not the non PPP-adjusted values of GDP. Following Prados, I estimate this

structural relationship using data from the period 1950-1990 and then use the estimated

relationship to make out of sample predictions for the years 1870 to 1949.

31The data are available only at http://www.measuringworth.com/.
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Prados originally estimates the following relationship between PPP-factors -or the PPP-

adjusted value of GDP per capita- and nominal non-PPP adjusted GDP per capita:

ln
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yPPPi;t is the PPP-adjusted level of GDP per capita in country i in year t, yi;t is nominal

non-PPP adjusted GDP per capita, EXi;t is exports, IMi;t is imports and Yi;t is aggregate

nominal GDP. The variables with a subscript "US" indicate the corresponding variables for

the United States. XRt is a dummy variable for the exchange-rate regime. This variable

takes a value of 1 during the post-1969 period and the inter-war period (1914-1949), where

�exible exchange rate systems were in place, and a value of 0 during the periods 1950-1969

and the years prior to 1914, which were characterized by �xed exchange rate systems and

the gold standard, where the latter e¤ectively imposed �xed exchange rates and hence is

comparable to the Bretton Woods era. The squared terms in the regression are used to

allow for non-linear relationships.

This structural relationship implies that the true relationship underlying this regression

is of the following form, where Li;t indicates the population in country i in year t:
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Taking logs we get that,
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which can be rewritten as:

ln

�
yi;t
yUS;t

�
=

1

a� b ln
 
yPPPi;t

yPPPUS;t

!
� b

a� b ln
�

EXi;t + IMi;t

EXUS;t + IMUS;t

�
+

b

a� b ln
�
Li;t
LUS;t

�
:

Thus, the structural equation estimated by Prados de la Escosura (2000) implies at the same

time a structural relationship between non PPP-adjusted GDP per capita, PPP-adjusted

GDP per capita, the level of trade, and the size of a country�s population of the form:

ln

�
yi;t
yUS;t

�
= �0 + �1 ln

 
yPPPi;t

yPPPUS;t

!
+ �2

�
ln

�
yi;t
yUS;t

��2
+ �3 ln

�
(EXi;t + IMi;t)

(EXUS;t + IMUS;t)

�
+ �4

�
ln

�
(EXi;t + IMi;t)=Yi;t

(EXUS;t + IMUS;t)=YUS;t

��2
+ �5 ln

�
Li;t
LUS;t

�
+XRt + ei;t

I estimate this regression for the years 1950-1990, using data on PPP-adjusted and non-

PPP adjusted GDP per capita, population and the total volume of trade from the Penn

World Tables. Based on the estimated coe¢ cients, I then make out of sample predictions of

ln (yi;t=yUS;t) for the period 1870-194932. These estimates are based on PPP-adjusted data

on GDP per capita and population data from Maddison and the import and export data

from COW.

After this non-PPP adjusted current price series of GDP has been obtained, I estimate

the PPP factor for the period 1870-1949 which is expressed in U.S. dollars per international

dollar -i.e. this variable has a value of 1 in the U.S. in any year- by dividing the predicted

values of yi;t=yUS;t by yPPPi;t =yPPPUS;t : This so estimated PPP factor is then used to derive a

PPP-adjusted series of the COW trade data which can then be used together with the GDP

32The regression is based on 5103 observations (unbalanced panel). Out of sample predictions are generated
for 2080 observations. The adjusted R-squared of this regression is very high at 0.92 and the original
dependent variable and its predicted value have a correlation of 0.964 for those countries and years where
both the original dependent variable and its predicted value are observed.
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data from Maddison (in current prices) to estimate the degree of trade openness as the ratio

of total value of trade to GDP. This measure of openness is the one used in the regressions

presented in section 5 for the periods prior to 1950.
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