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Abstract

This article presents a Schumpeterian theory of development and underdevelop-
ment for an open global economy with technology transfer, trade, and investment.
Ceteris paribus, under free trade innovation sectors are allocated across countries
in proportion to productive capacity (after technology transfer and innovation).
When there are advantages to the concentration of innovation, this implies that
small and lagging economies diverge in levels or in growth rates. Foreign di-
rect investment (FDI) obtains supernormal profits that also result in asymmetric
incentives for innovation favoring leading countries. Thus, under trade, mar-
ket forces may induce persistently unequal and divergent steady states. However,
strong enough policies for technology transfer that redress innovation imbalances
can harness free trade and FDI to yield miracle growth.
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1. Introduction

This paper presents a Schumpeterian theory of development and underdevelop-
ment in an open global economy with technology transfer, trade, and foreign in-
vestment. The model shows that, when there are advantages to the concentration
of innovation, trade and foreign direct investment (FDI) give rise to asymmetric
innovation incentives that can cause divergence in levels and growth rates, even
between economies that differ only in their initial conditions. The model thus
explains the appearance and persistence of underdevelopment in the context of
globalization, both in the historical long-term and in the last few decades. In its
worst scenarios, globalization may condemn small and backward countries to the
status of Banana Republics, semi-stagnant and completely dominated by FDI.
However, when larger or more advanced lagging countries implement policies en-
suring that trade and FDI generate enough technology transfer, miracle growth
may ensue. Appropriate global governance could generalize this happier outcome.
Most theories of both economic growth and trade imply that free trade and

FDI will lead to equalization in growth rates and productivity levels. Yet, these
predictions bear fruit unevenly. On the one hand, trade has been associated
with the emergence of industrialization and modern growth in Britain, Western
Europe and North America since its origins; with convergence episodes such as
the development of Japan and the Asian tigers; with rapid convergence in Europe
in the second half of the 20th Century; and with recent successes such as growth
in China and India. On the other hand, the Great Divergence in incomes 1 took
place in the very context of globalization in which modern economic growth took
off in the 19th Century. The underdeveloped world’s technological levels lagged
far behind.2 The process of divergence continued through the second half of the
20th Century.3 For whole blocks of countries, for example in Latin America, recent
policies for globalization, trade liberalization, and investment, have been far less

1Pritchett (1997) estimates that the proportional gap in per-capita GDP between the richest
and poorest countries worsened by a factor of five between 1870 and 1990. Similarly, according
to Maddison (2001) this gap grew from 3 in 1820 to 19 in 1998.

2A large number of empirical studies attribute cross-country differences in per-capita GDP
to differences in productivity (Easterly and Levine, 2001; Klenow and Rodríguez-Clare, 1997;
Knight, Loayza and Villanueva, 1993; Islam, 1995; Caselli, Esquivel and Lefort, 1996; Prescott,
1998; Hall and Jones, 1999; Feyrer, 2001).

3The proportional per-capita income gap between Mayer-Foulkes’ (2006) richest and poorest
convergence groups grew by a factor of 2.6 between 1960 and 1995, and between Maddison’s
(2001) richest and poorest groups by a factor of 1.75 between 1950 and 1998.
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successful than economists had expected in light of the theory. The present model
accounts for the unequal effects that trade and investment can have on economic
growth.
The model uses only hypotheses in endogenous technological change and in

trade to show that multiple steady states and divergence (forms of club-convergence4)
can arise under free trade and FDI. The concepts of development and underdevel-
opment are modelled as steady states differing in levels and in growth rates. The
present paper extends the results of Mayer-Foulkes (2006b), where free trade alone
is analyzed using the theory of endogenous technological change. In the present
paper FDI is analyzed as well. For mathematical tractability and conceptual sim-
plicity, technological change is modelled semi-exogenously and continuously, in
such a way as to reproduce the main properties of endogenous models. Thus,
our model’s technologically driven growth is reminiscent of Solow’s capital driven
model of economic growth, with the resources allocated to innovation determined
by a constant propensity.
Our semi-exogenous Schumpeterian framework makes the same basic assump-

tions as theories of endogenous technological change. Innovation, broadly un-
derstood to include technological adoption, is costly in both lagging and leading
countries,5 and responds to the incentives for world market power. The simplest
way to represent this is by assuming that innovators are world monopolists. In-
novation investment aimed at achieving proportional productivity jumps (which,
in principle, are proportionally costly)6 obtains higher than proportional returns
in lagging countries, because of their access to the advanced contemporary knowl-
edge of the leading countries (technology transfer). This is Gerschenkron’s (1952)
advantage of backwardness in technological change, which constitutes the basic
driving force for convergence. It follows that in the autarchic regime identical
countries will converge, assuming strong enough convergence forces.
Next, the trade of domestically produced goods is included. A natural mecha-

nism allocates innovation and production between countries. Each country inno-
vates for the sectors it produces in, each producing monopolically to meet aggre-
gate world demand. Given an equilibrium exchange rate, all goods, assumed to be

4Baumol, 1986; Durlauf and Johnson, 1995; Quah, 1993, 1997; Mayer-Foulkes, 2002, 2003.
5In his survey of international technology diffusion, Keller (2004) finds international diffusion

is neither inevitable nor automatic, requiring domestic investments. Cohen and Levinthal (1989)
and Griffith, Redding and Van Reenen (2001) have also argued that R&D by the receiving
country is a necessary input to technology transfer.

6This is the fishing out effect.
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symmetric, sell at the same price. Therefore, the number of sectors each country
supplies is proportional to its productive capacity.7 Thuse, more advanced and
larger countries innovate in more sectors.
Up to here we have no special hypothesis on innovation, only the observation

that trade, through specialization, distributes innovative in proportion to produc-
tive capacity (after technology transfer and innovation). Could this be a source
of divergence? Could the rate of technological change an economy can generate
be increasing in the number of sectors it innovates in? Is it easier for an inventor
to innovate in a given sector when she has more inventors nearby operating in
different sectors? I assume that it is. There are several reasons for this. First,
a country with more innovation sectors has hiugher incentives to establish a sci-
entific infrastructure providing basic knowledge. Second, the use of innovations
is unpredictable, and what was intended for one sector can easily be useful for
another. Third, innovation in any given sector requires knowledge from all other
sectors. The two last points involve knowledge flows that most easily occur within
a given country than between different countries, so that innovation will be easier
in a country innovating in more sectors than in a country with less sectors.
The assumption that it is easier to innovate where more innovation is taking

place is supported by the concentration in a few countries that innovation has
exhibited during the knowledge revolution. An approximate idea of the concen-
tration is obtained in Table I, constructed from Kryss Katsiavriades and Talaat
Qureshi’s listing of the most noteworthy inventions8. 70% of the inventions in
this listing were carried out in the U.K. and the U.S., with 20% of the remaining
inventions carried out in France, Germany and Russia.

Table I. Distribution of inventions by country of origin according to Kryss
Katsiavriades and Talaat Qureshi.

While these figures may not represent the most precise measurement of iven-
tion, they certainly give an idea of its concentration. A similar picture of the

7Mayer-Foulkes (2006) includes fixed productivity factors defining comparative advantage
between countries that complete the allocation of sectors between countries. For simplicity, here
we simply assume a natural ordering of sectors that completes the allocation, which nevertheless
is sufficiently determined for our purposes.

8The KryssTal Web Site, a United Kingdom based educational and information web site by
Kryss Katsiavriades and Talaat Qureshi in London.
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17th C 18th C 19th C 1900-1949 1950-1999 Average
U.S. 0.0 17.4 32.1 51.5 67.3 33.6
U.K. 55.6 52.2 37.0 20.6 16.4 36.3
Germany 11.1 4.3 9.9 11.8 0.0 7.4
Russia 0.0 0.0 1.2 0.0 9.1 2.1
France 18.5 17.4 12.3 4.4 0.0 10.5
Total (%) 85.2 91.3 92.6 88.2 92.7 90.0

Figure 1.1:

concentration of innovation is painted by the following statistics from the U.S.
Patents Office. From 1963 to 2006 a total of 4,065,671 utility patents were granted,
of which 41.4% originated in foreign countries. Of these, 75.6% were from Japan
(32.9%), Germany (20.3), the U.K. (9.8), France (7.7%) and Canada (4.9%). The
next 21.1% came from Switzerland, Italy, Sweden, the Netherlands, Taiwan, South
Korea, Australia, Belgium, Austria, Israel, the U.S.S.R., Denmark and Finland, in
that order, while the rest of the world accounted for 3.3%. Similarly, five countries
accounted for 75% of the international patent applications at the World Intellec-
tual Property Organization during the period 2003-2006: the U.S. (33.5%), Japan
(17.8%), Germany (11.6%), Korea (4.5%), France (4.1%) and the U.K. (3.6%).
A scatter diagram for the logarithm of the number of patents obtained by

inventors in non-U.S. countries versus the logarithm of GDP of these countries is
shown in Figure 1. A linear regression gives a highly significant average slope of
1.55 for this figure, implying an increasing relation between from GDP to patents.

The assumption that there are innovation externalities between sectors in any
given country is enough for divergence and multiple steady states to emerge under
trade and FDI, explaining divergence in growth rates or levels without making as-
symetric assumptions between countries. Thus, considering innovation and trade
together can give rise to a theory of development and underdevelopment. Un-
der free trade, efficiency gains are obtained through the allocation of production
according to productivity levels determined by comparative advantage and tech-
nology. However, small and lagging countries, experience much lower innovation
incentives than larger or more advanced countries, and therfore experience lower
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Figure 1. Log Number of US Patents versus 
Log GDP for non-US Countries, 1963-2006
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rates of technological change. The model implies that country size plays a strong
role: countries only converge under trade if their productive capacity (measured
by GDP) is commensurate with the leader’s (see Corollary 3 below).
The second step of our framework incorporates foreign direct investment (FDI).

I consider only labor-seeking FDI, although market- and resource-seeking FDI
would give rise to similar mechanisms. A distinguishing feature of FDI is that, un-
like credit or other financial (indirect) investments, its profits constitute incentives
for innovation for the original investors. FDI allows leading country innovators
to take advantage of lower wages in lagging countries. This yields supernormal
innovation profits for leading countries only, and therefore generates asymmetric
innovation incentives that favor the leading economies and contribute to persistent
technological differences. In addition, FDI introduces an asymmetrical element
in innovation competition because firms performing FDI can afford higher wages
than their local competitors, and can therefore threaten to price them out. This
leads to innovation crowding out in sectors hosting FDI. In addition, we must add
the effect of diminished or absent domestic profits in these sectors.
On the positive side, it is usually assumed that FDI can contribute to economic

growth through technological spillovers, even though empirical cross-country stud-
ies have shown that these are not too high and tend to depend on the local tech-
nological level.9 Nevertheless, the history of East Asian and Chinese growth has
shown that appropriate policies can ensure significant technological spillovers from
FDI. Thus, we assume that the FDI spillover parameters depend on the industrial
and trade policies of host countries.
In the case of market-seeking FDI, when products must be sold where they

are produced, leading country innovators can produce in lagging countries and
enjoy higher profits than at home because of the lower wages, while innovators
from countries lagging too far behind do not have the technological level to set
up businesses in leading countries because of their high wages. For this class
of goods, unequal innovation incentives result. Only leading countries can enjoy
world profits when they innovate. Again, technological spillovers from FDI tend
to depend on policy. Resource-seeking FDI is analogous to labor-seeking FDI.
In conclusion, the model shows that FDI can produce both a negative and

9Determinants of the intensity of FDI spillovers include: a sufficiently qualified labor force
(Borensztein et al., 1998; Blonigen and Wang, 2004), not too large a technological gap (De
Mello, 1997), a sufficient level of economic development (Blomström et al., 1994; Mayer and
Nunnenkamp, 2005), sufficient financial development (Alfaro et al., 2001), and openness to
trade (Balasubramanyam et al., 1996).
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a positive impact on economic growth. When spillovers are low, FDI can con-
tribute to divergence. Countries may specialize in FDI and remain in steady
states with permanently lagging incomes while local knowledge stagnates. To the
contrary, when the presence of FDI sectors contributes enough to technological
change, either in proportion to the local wage bill or, better still, in proportion
to their profits, divergence in growth rates is impossible and lags in levels can be
diminished.
Although the theory presented here does not consider factors such as human

development, institutions and geography, this does not mean they are unimportant
for development. They certainly could be included in the model in the simplest
way as fixed productivity effects. These factors would then be parameters of the
steady states and of the thresholds between convergence and divergence. The role
of human capital is discussed in detail in Mayer-Foulkes (2007), where it is shown
that investment in human development is essential to achieve the highest steady
states and for the human development trap to disappear. Human development
deficiencies may lead to divergence.
The model yields a clear comparison between export promotion and import

substitution. Under export promotion, innovation enjoys the incentives of world
profits rather than being limited to the national market, and can thus lead to
higher incomes. On the other hand, at low levels of income, integration to the
world market will lead to divergence. Thus, at lower incomes—when export pro-
motion cannot be combined with import protection (the policy adopted by East
Asian countries and China, as discussed below)—the second best option is import
substitution.
The Schumpeterian analysis presented here builds on a series of papers. The

first of these introduce endogenous technological change in the theory of economic
growth (Aghion and Howitt, 1988, 1992); while others show that technological
transfer can induce convergence (Howitt, 2000); finally, other papers go on to ad-
dress the problems that generate divergence and underdevelopment. These prob-
lems include human capital thresholds for R&D which can separate implement-
ing from R&D countries into convergence clubs and explain long-term divergence
(Howitt and Mayer-Foulkes, 2002). Financial development can determine tech-
nological absorption rates and also explain long-term divergence (Aghion, Howitt
and Mayer-Foulkes, 2005). The present paper not only moves beyond closed
economies to include trade and direct investment, it also demonstrates that con-
vergence clubs and divergence can arise based on the standard assumptions of the
theory of endogenous technological change, without assuming market failures or
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increasing returns.
By analyzing the innovation incentives generated by trade and FDI, the model

goes beyond much of the theoretical analysis of the impact of trade on innova-
tion and economic growth (Helpman, 1993; Eaton, Gutierrez, and Kortum, 1998;
Eaton and Kortum, 2001, 2003, 2004). Rodriguez and Rodrik (1999) “find little
evidence that open trade policies – ... lower ... barriers to trade – are signifi-
cantly associated with economic growth”. In his survey on international technol-
ogy diffusion, Keller (2004) finds international diffusion to be neither inevitable
nor automatic, requiring domestic investments.
To highlight the historical importance of trade and FDI in the history of devel-

opment and underdevelopment, I will now summarize some of the main historical
features of globalization.
Trade has played a major role in modern economic growth since its origins. It

forms a major strand in Maddison’s (2001) description of the economic ascension
of Western Europe through Venice, Portugal, the Netherlands, and Britain, from
the year 1000 to the present. Cotton exports in late 18th and early 19th Century
England, widely recognized as the Industrial Revolution’s leading sector, rose from
6% of total British exports in 1784-6 to a peak of 48.5% in 1834-6 (Chapman,
1999). The growth of this sector and the incentives for its increased productivity
were directly linked with imports of cheap raw materials from India at this initial
juncture of the Great Divergence (Broadberry and Gupta, 2005). The historical
role of trade in generating institutional development prior to 1750, in triggering
the Industrial Revolution over the period 1750-1820, and in generating the initial
stages of the Great Divergence in the 19th Century, is discussed by Mayer Foulkes
(2006b). More recently, the rapid growth of Germany, Israel, Cyprus, Spain,
Portugal, Malta, Ireland and Iceland were intimately linked with trade.
The process of globalization is divided by historians into two periods. The

“First Great Age of Globalization” proceeded during the 19th and early 20th
centuries. With the advent of steam engine-based manufacturing, Great Britain
turned to free trade for obtaining raw materials and to sell its industrial products,
and became its undisputed champion.10 Free trade became a more efficient policy

10Indeed, both Britain and the US espoused Free Trade only after they gained industrial
supremacy. “... the decision, on the part of Great Britain [with the repeal of the Corn Laws in
1846], to abandon ... colonial policy ... in favor of free-trade, should be understood as resulting
from (i) a technology shock, (ii) the escalating cost of imperial wars, and (iii) the emergence
of British transnational corporations. The steam engine rendered Great Britain’s 18th century
colonial empire redundant” (Beaudreau, 2004).
“US opposition to free trade, a staple of 19th and early 20th century ... foreign policy, meta-
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for enrichment than colonialism (Beaudreau, 2004; Semmel, 1970), and was the
motive behind gunboat diplomacy. Large scale FDI became a major player by the
end of the 19th Century.11 Investments in the colonial and dependent countries
were a source of supernormal profits due to extremely cheap labor and raw ma-
terials. In his 1916 Imperialism the Highest Stage of Capitalism, Lenin criticized
the vast accumulations of capital invested abroad at a far higher rate of return
than in the home country. In 1914, British assets abroad amounted to between
124 and 180% of its GDP. Taking British investment as a whole, between 1865
and 1914 approximately as much went to underdeveloped Africa, Asia, and Latin
America (29.6%) as to the UK itself (31.8%) (Ferguson, 2003). Svedberg (1978)
estimates that some 44 to 60% of the $19 billion of accumulated investment in
developing countries in 1913-14 consisted of foreign direct investment.
The process of globalization was broken between 1914 and 1945 by the two

world wars and the global depression, as well as by a change in hegemony. A
second stage of globalization, headed by the United States, emerged in the post-
war period. By 1960, the US owned almost half of the world’s outward stock of
FDI. Between 1950 and 1970, the stock of US manufacturing direct investment
in Europe increased almost fifteen fold, while between 1970 and 1993 both US
direct investment abroad and direct investment in the US increased fivefold (Gra-
ham, 1995). Foreign investment may be a stronger force for globalization than
trade. All modern “free trade” agreements are agreements for free commerce and
investment, allowing for the full scope of globalization to proceed. FDI has grown
enormously since the 1980’s.12 Worldwide outflows have increased nearly 29% a
year on average from 1983 to 1998, three times the growth of world exports. Even
so, FDI has not reached the relative levels that characterized the first period of
globalization. The position of US direct investment abroad was about 13.6% of
GDP in 2001,13 much less than the corresponding British position in 1914. The

morphosed itself into unwavering support from 1934 on [when Roosevelt signed the Reciprocal
Trade Agreements Act]. The latter, like in the United Kingdom a century earlier, was founded on
industrial supremacy, specifically on electric power-based mass production, which ... contributed
to ... the birth of American industrial supremacy” (Bseaudreau, 2004).
11The East India Company was chartered in London in 1600. By 1899, giant corporations such

as the United Fruit Company controlled 90 per cent of US banana imports. Royal Dutch/Shell
accounted in 1914 for 20 % of Russia’s total oil production. Standard Oil of New Jersey,
Singer, International Harvester, Western Electric, and by 1914, Ford Motor Company had major
producing facilities outside the United States (Beaudreau, 2004).
12Data on FDI from UNCTAD (1999), unless stated otherwise.
13US Bureau of Economic Analysis data on a historical-cost basis.
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following figures give a rough idea of the current relative importance of trade and
FDI. Aggregate world exports in 1998 amounted to US $7 trillion, while aggre-
gate sales from foreign affiliates of transnational corporations (TNCs) amounted
to US $11 trillion.14 Two thirds of world trade is TNC-related. Intra-firm trade
alone amounts to one third. A quarter of global output is produced by TNCs ,
one third of it in host countries. Approximately 26.3% of US FDI in 2000 and of
global FDI in 199815 flowed to the underdeveloped world, where approximately
21.2% of world income was generated in 1999.16 On the other hand, most R&D
is undertaken by TNCs at home or in developed countries.
Trade and foreign direct investment have been salient economic features since

the advent of industrialization. Production networks form an important compo-
nent of international exchange and globalization, as stressed by Beaudreau (2004).
What is shown in this paper is that the resulting allocation of innovation incen-
tives generates persistent inequality and divergence: development and underdevel-
opment.
Underdevelopment, however, is a diverse phenomenon. The model shows the

existence of two types of lower steady states. The lowest type (“divergence in
growth rates”) represents lagging economies with lower growth rates than the
leading economy, accounting for long-term divergence and for contemporary semi-
stagnant economies, as in Sub Saharan Africa. Any policy improving the innova-
tion rate, either directly or indirectly, will have growth effects. The second type
(“divergence in levels”) represents middle steady state economies that maintain a
fixed relative lag in relation to leading countries, with policy improvements yield-
ing effects in levels. These represent a not sufficiently recognized stylized fact, the
persistence of middle income levels. For example, the average per-capita income
of 19 Latin American countries relative to the US actually decreased between 1960

14Today, TNC’s are truly huge. Quoting Anderson and Cavanagh (2000), “Of the 100 largest
economies in the world, 51 are now global corporations; only 49 are countries.” “The combined
sales of the world’s Top 200 corporations are far greater than a quarter of the world’s economic
activity.” “The Top 200 corporations’ combined sales are bigger than the combined economies of
all countries minus the biggest 9; that is, they surpass the combined economies of 182 countries.”
TNC’s have spread their activities widely across the globe. For example, the Swiss electrical
engineering giant ABB has facilities in more than 100 nations. Royal Dutch/Shell has offices in
64 countries and refines in 34. Cargill, the largest US grain company, operates in 59 countries
with 105,000 employees. ICI, Britain’s leading chemical company, employs 36,000 people in 55
countries at 200 sites. (Data from the companies’ web pages).
15The proportions of FDI outflows due to Western Europe, the US and Japan are 68.3, 22.3,

and 4.0% (UNCTAD, 1999).
16Author’s calculation, based on the World Bank database.
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and 1999 from 0.25 to 0.20.17 The relative level 0.20 represents a lag of around 80
years behind the US, assuming what would seem an impossible catch up rate of
2% per year above the US growth rate. The importance of this middle income per-
sistence tends to be neglected. It is believed that since these countries grew at an
average rate of 1.5% instead of 2.1%, it must be just a matter of fine tuning to get
at least parallel growth, which is deemed to be a sufficient objective. The point,
however, is that if a trap is maintaining the level difference, or the divergence,
unlocking it would lead to miracle growth and enormous welfare gains. Ignoring
it, on the contrary, may doom economic policies.
Another salient feature of the history of economic growth is miracle growth.

“The acceleration and then deceleration of East Asian growth is one of the mega-
events of the 20th Century”, suggesting that “for all developing economies, ...
‘fully developed’ status is within reach”. This remark contextualizes Wan’s (2004)
detailed comparative analysis of East Asian growth experiences. His benchmark
catch-up path includes a two-decade period of growth rates above 5%, explic-
itly understood as a transition to a higher steady state. Thus, the experiences
of Japan, Korea, Taiwan, Hong Kong, Singapore, and lately China, constitute
strong empirical evidence that development and underdevelopment are distinct
steady states. The policies these countries applied throw light on the barriers
they surmounted and the economic forces they harnessed.
Japan and Korea, the largest countries,18 concentrated on the creation of large

industrial firms with scale economies, and combined export promotion with im-
port protection. They used trade to integrate with the US production chain and
were careful to gain technological transfer. Both avoided depending on FDI, and
they promoted innovation rather than imitation, attaining dominance in the sup-
ply of new product lines. Japan depended on domestic saving. Some separation
in government economic powers helped it to maintain efficiency in the support of
carefully selected and changing infant industries. Korea was more authoritarian
and more dependent on foreign saving, leading to some inefficiencies and financial
instabilities. Taiwan concentrated on small and medium enterprises subcontract-
ing from FDI regulated for an emphasis on technology transfer, integrating with

17Of the 19 countries for which the World Bank database has relevant data, the relative
position of Argentina, Belize, Bolivia, Chile, Colombia, Costa Rica, Ecuador, El Salvador,
Guatemala, Jamaica, Paraguay, Peru, Trinidad and Tobago, Uruguay and Venezuela worsened,
while that of Brazil, Dominican Republic, Mexico and Panama advanced slightly.
18In 1999, the East Asian populations were, in millions: Japan, 126.6; Korean Republic, 46.8;

Taiwan, 21.9; Hong Kong, 6.9; Singapore, 3.2.
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the Japan-US production chain. Backward integration with technological absorp-
tion was closely promoted. In effect, the local portion of what would be FDI, as
well as the backward linkages, were locally owned. This form of ‘subcontracted’
FDI transfers innovation incentives to the local firms. In Japan, Korea and Tai-
wan, reliance on FDI was avoided. Cheap labor favored, and even subsidized,
local firms rather than FDI.
Hong Kong’s manufacturing growth was triggered by trade, itself driven by

natural advantages including Hong Kong’s position as an outlet for China and
its well located harbor.. Cheap food imports from China also played a role.
Singapore, the smallest of these countries, is an exception in that its economic
policy was to use low wages and taxes, and an excellent location, to attract FDI.
It relies on an authoritarian regime including ‘bonded scholars’ to keep its human
capital cheap, with income rising on the basis of human capital accumulation.
China began a process of fundamental reform by introducing market mecha-

nisms into its economy in December 1978. After an initial and successful period
of transition, it also established trade and FDI policies to gradually open its econ-
omy. In parallel with other Asian countries, China combined export promotion
with import protection. Since import protection can raise costs for exporters
and make the home market more attractive for producers (Flatters and Harris,
1994), China also neutralized this anti-export bias by allowing exporting sectors
to import goods duty free. China’s policy towards FDI (authorized since 1979)
as a source of foreign capital, technology and management skills, has also been
selective. The Twenty Two Regulations on FDI (1989) promoted export oriented
and technologically advanced projects (Bransteeter and Feenstra, 1999). FDI was
encouraged in sectors targeted for import substitution, while it was severely con-
strained in other sectors, especially in its access to the domestic market. The
Chinese government has limited the ability of foreign firms to compete in the
Chinese market by imposing export, localization, and technology transfer require-
ments as well as difficulties in recruiting and retaining key personnel (Bransteeter
and Feenstra, 1999). China’s policies were extremely successful. Its average an-
nual GDP growth increased from 5.3% between 1961 and 1979 to 9.5% between
1980 and 2003 (Fan and Felipe 2005). Exports rose form 6.4% of GDP in 1979 to
21.8% in 1999. China has become the second largest host of FDI, after the US.
Distortions that may be inevitable under any industrial policy have also appeared
in China. Since the early 90’s, it has gradually lowered both tariff protection and
FDI restrictions.19

19This paragraph is based on Lemoine (2000).
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In Japan, Korea, Taiwan, Hong Kong, Singapore and China, specific policies
or natural advantages were indispensable to harness trade and FDI to drive capital
accumulation and technology transfer. It is instructive to compare these experi-
ences with those of countries that did not apply such policies but, instead, opted
for straightforward liberalization, such as India, Brasil and Mexico.
India underwent liberalization in 1991 after following a strategy of import-

substitution policies since independence in 1947. Following a macroeconomic cri-
sis, a stabilization and structural adjustment program supported by the IMF and
the World Bank reformed trade and FDI (Nagesh, 1995). The New Industrial
Policy abolished most of the industrial approval system that had existed until
then. These policies met with success, and India’s growth rate rose between
1981 and 1991 from the “infamous ‘Hindu’ rate of growth of 3.5%” (Srinivasan,
2002, page 3), to 5.4 %, an then to 6.0% between 1992 and 2003 (Fan & Felipe,
2005). FDI in power generation, telecommunications, petroleum exploration and
transportation sectors enjoyed special incentives, given the importance of these
sectors for trade and industrial development (Sharma, 2000), although these did
not specifically promote technology transfer. The Indian FDI stock increased to
almost US$ 39 billion by 2004 (UNCTAD online database). Nevertheless, India
lags behind China in many economic indicators (Chakraborty and Nunnenkamp,
2006). Our model offers a clear explanation for this comparatively mixed success.
First, India’s GDP (a measure of its productive capacity) in 1991 was the sixth
largest in the world, after the US, Japan, China, the USSR (less involved in trade)
and Germany (Maddison, 2003). Therefore, its transition could be expected to
be one of convergence, tending towards the capture of a sizeable set of export
sectors. On the other hand, India did not significantly apply policies supporting
technological transfer. Hence, it did not achieve the Chinese rates of growth. It
must be said, though, that simultaneously dismantling import-substitution and
establishing export promotion might be impossibly difficult to achieve efficiently
without allowing for an interim period of liberalization in order to eliminate the
distortions of the first policy regime.
The comparison of Brasil and Mexico with India is interesting. These countries

have applied similar policies. They have liberalized trade and received relatively
large flows of FDI, and have not significantly applied technological transfer poli-
cies in relation to trade and FDI (for Brasil, see Rothmuller, 2003; for Mexico see
López-Córdova, 2002). Yet, they have been less successful than India, achieving
less economic growth. The model suggests that one reason may be that these
countries are smaller. In 1995, Brasil’s GDP lagged behind the US, China, Japan,
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India, Germany, Russia, France, the UK, and Italy, while Mexico also lagged
behind Indonesia and Canada. Although Brasil was not too far below these Eu-
ropean countries, these also enjoy the incentive benefits of outward FDI flows.
Thus, Brasil and Mexico are at a disadvantage in the allocation of innovation sec-
tors through free trade, and, in addition, suffer innovation crowding out through
FDI. Nevertheless, since they are not too far in size from these technologically
autonomous European countries (for which convergence under trade occurs) per-
haps Brasil and Mexico are not situated too far below the convergence threshold
under free trade. An additional push through technology transfer policies could
lead to the transition to development.
To highlight the plausibility of innovation crowding out and unequal innovation

incentives due to FDI, we examine world motor vehicle production and consump-
tion in 1998 (Table 2). Automobiles represent a fairly mature product with a
not particularly impressive rate of innovation.20 Many middle income countries
are quite capable of engineering and producing a line of automobiles. However,
doing so while facing the competition of established and advanced producers may
be impossible. What does Table 1 show? Those countries in Europe and North
America that developed the automobile continue to produce and trade it, both
with each other and with other countries. In contrast, the new producers, mainly
Japan and Korea, do not import automobiles. These countries developed their
capabilities in automobile production by promoting their exports and perform-
ing a full import substitution, eliminating competition from FDI in automobiles.
On the other hand, Latin American countries that supposedly “substituted for
imports” by allowing FDI in automobiles,21 did not develop their own industries.
Discussions on the role of institutions usually place emphasis on how these

improve the incentives for investment and innovation through, for example, prop-
erty rights and effective contractual arrangements. What becomes apparent in
the history of development and through the model, though, is the important
role that institutions play in recognizing and implementing policies favoring the
country’s own long-term self-interest. This requires coordination and agreement
amongst a country’s various sectors, and has often necessitated manipulating trade
incentives in order to access the advantage of backwardness. In the US, the im-
plementation of the American System required a high tariff to protect American
industries from British industrial supremacy.22 Similarly, Japan—and later Korea

20Yet, 78% of world sales are due to ten corporations (three from the US) (Najera, 1998).
21Since 1916 in Argentina (Ford home page), and since 1920 in Mexico (Soto-Rodríguez, 2002).
22The American System, advanced by Henry Clay and others after 1812 for industrial-
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and Taiwan—were jealously concerned with their technological independence, and
devised economic policies that ensured their own technological capabilities and in-
dependence. China has clearly designed its policies with a long term view to the
independent development of its domestic sector. These governments have taken
leading, credible roles in the implementation of appropriate policies for their eco-
nomic growth. By contrast, in Latin America rent-seeking elites have not been
effectively concerned with their technological independence.23,24

However, it is clear that most countries are just too small or lag too far behind
to be able to negotiate an appropriate economic environment for their develop-
ment. What is needed is world trade and investment agreements that ensure not
only a “level playing field” in trade and investment, but also balanced innovation
incentives across countries through policies (especially those supporting exports)
for the technology transfer that market liberalization on its own cannot yield. Ex-
port promotion combined with some graduated form of import protection should
not be discarded either, since such a policy can reduce the loss of sectors implied
by free trade long enough for aggregate productive capacity to rise.

2. The model

For the sake of simplicity, I present a continuous and semi-exogenous Schum-
peterian model, reminiscent of the Solow model. The propensity to innovate is
modelled exogenously. However, the assumptions we make for production and
innovation closely follow the endogenous theory of technological change, thus re-
producing the salient features of endogenous models.
Our unit of analysis will be an ‘Economy’, which may consist of several closely

integrated countries. What is assumed is that an economy has a single knowl-
edge system, a common knowledge base, and single labor and goods markets. A
‘domestic’ sector is produced within an Economy (in any of its countries, if there

technological progress, promoted trade between North, South and West through transportation
improvements. The South, having access to markets for its cotton, had no incentives to join the
System, one of the causes of the Civil War (Spannaus and White, 1996; Salisbury, 1992).
23Political scientists have proposed that countries which have faced the extreme organizational

necessities of war have developed stronger institutions. This may be one reason why East Asian
and Western European countries, as well as China and the US, have stronger institutions that
effectively pursue their self-interest, as compared to, for example, Latin America.
24The degree to which a country puts into place policies that effectively promote its self-

interest may be orthogonal to whether it is democratic or autocratic, partly explaining Barro’s
(1991) weak findings for democracy as a variable promoting economic growth.

17



are more than one), and ‘foreign’ means from another Economy. The model will
analyze the interaction between Economy 1 and Economy 2. In some contexts,
Economy 1 will be thought of as the developed core of countries vis-à-vis either
one country or the underdeveloped world as a whole.

2.1. Production and Trade

Suppose Economy 1 and Economy 2 produce a continuum of tradeable goods
indexed by [0, 1]. We examine three regimes: autarchy, free trade without FDI,
and free trade with FDI. I only consider FDI in the context of trade, for several
reasons. First, without trade it is impossible to repatriate foreign companies’
profits, except in kind. Second, FDI workers import some of their consumption.
Third, FDI has higher institutional requirements. It will turn out that small or
more backward economies specialize completely in FDI.

2.1.1. Production sectors: FDI and domestic production

Suppose that on the subset [0, ξ̄FDI
] it is possible to separate innovation from pro-

duction. This is the condition that defines FDI: foreign investors innovate at home
and produce abroad in order to benefit from lower wages. We will assume that the
product of FDI is consumed in both economies, and will consider technological
externalities. Suppose Economy 1 has a higher technological level than Economy
2. We shall confirm below that this implies that it also has higher wages. Then,
only Economy 1 can invest competitively in Economy 2. Moreover, any sector
for which FDI is possible will be produced in Economy 2, to benefit from lower
wages.
Under autarchy each economy produces the full range of goods and there is

no FDI.
Under free trade with FDI, let [0, ξFDI ] be the set of sectors produced by FDI.

If Economy 2’s population is large enough, then ξFDI
t = ξ̄

FDI . Otherwise, FDI
will only be possible for a restricted set of sectors with ξFDI

t < ξ̄
FDI , employing

all of the working population of Economy 2. It is implicitly assumed that there is
some natural ordering for selecting a subset of FDI sectors for production. Profits
from FDI form part of Economy 1’s national product. As we shall discuss below,
this implies that Economy 1 has additional resources for innovation.
To consider free trade without FDI, simply set ξ̄FDI

= 0.
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Under free trade, suppose further that Economy 1 produces and innovates do-
mestically on the set [ξFDI

t , ξFDI
t + ξ1t], while Economy 2 produces and innovates

domestically on set [ξFDI
t + ξ1t, 1]. The underlying assumption is that there is a

single innovator in each economy (we exclude innovation races) that innovates with
certainty and becomes a world monopolist (in autarchy it is a national monopoly).
Innovation sectors will be assigned endogenously concurrently with the interna-
tional assignment of production operating through trade. In other words, the
variable ξ1t will be endogenously determined. Define ξ2t = 1− ξFDI

t − ξ1t so

ξFDI
t + ξ1t + ξ2t = 1. (2.1)

2.1.2. Production function

Consider first a domestically produced good in sector η ∈ [ξFDI
t , 1] in Economy j.

Assume the linear production function:

yjt(η) = Ajtljt(η).

Here yjt(η) is the amount produced in sector η, Ajt is the technological level of
the given economy, and ljt(η) is labor employment. Given wages wjt, the cost of
each unit of goods η is zjt(η) = wjt/Ajt. Suppose, as is common in endogenous
models of technological change, that each sector produces monopolically (with a
competitive fringe) and thus sells with a mark up at a price:

pjt(η) = χwjt/Ajt,

where χ > 1. Assuming Cobb-Douglass preferences

Ujt = exp

Z 1

0

ln(cjt(η))dη, (2.2)

aggregate expenditure in each sector is some constant bjt, which is common to
both economies under trade and economy-specific under autarchy, so

pjt(η)× yjt(η) =
χwjt

Ajt
×Ajtljt(η) = χwjtljt(η) = bjt. (2.3)

Thus, in each economy, the amount of labor ljt assigned to production in domestic
sectors is constant.
Suppose each economy has a fixed population Lj. Under autarchy, with neither

trade nor foreign investment, since workers are distributed uniformly across sectors
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ljt(η) =
R 1
0
ljt(η)dη = Lj. Each sector produces yjt(η) = AjtLj. The aggregate

product is Y =
R 1
0
AjtLjdη = AjtLj.

Under free trade and FDI, assume that A1t > A2t and define at = A2t/A1t.
Consider any goods in sector η ∈ [0, ξ̄FDI

] produced by FDI from Economy 1
firms in Economy 2. Assume that FDI pays Economy 2 wages, but sells as if it
had produced at home. The reason is that the producer has a similar monopoly
or faces a similar competitive fringe as non-FDI innovators in Economy 1, and
therefore sells at the same price25. The cost of production is zFDI

t (η) = w2t/A1t
and the sales price is χw1t/A1t. Hence, as in (2.3), the labor lFDI

t demanded in
each FDI sector satisfies χw1tlFDI

t = bt, so lFDI
t = l1t.

We can now complete the solution for production in both economies. Market
clearing conditions in the two labor markets are:

ξ1tl1t = L1, ξ2tl2t + ξFDI
t l1t = L2 (2.4)

Equation (2.3)
w1tl1t = w2tl2t, (2.5)

The distribution of domestically produced sectors between economies is given by
price equalization, a consequence of free trade:

w1t
A1t

=
w2t
A2t

.

The price of domestically produced goods can now be used as numeraire in both
economies, to find

wjt =
1

χ
Ajt.

In each FDI sector, profits accruing to Economy 1 firms are

πFDI
t =

χw1t − w2t
A1t

×A1tl
FDI
t =

¡
1− χ−1at

¢
A1tl1t (2.6)

>From (2.5),
a−1t l1t = l2t.

25For example, assume that the FDI producer is large, that it has innovated specifically for
production in Economy 2, and finally that its fringe competitors are small and would have to
innovate for production in Economy 1. Also, note that if the price where proportional to at, or
even a positive fractional power of at, the level of production would tend to infinity as at → 0,
something that seems unrealistic.
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Hence
l1t =

L1
ξ1t

, l2t =
L2

ξ2t + atξ
FDI
t

(2.7)

Let λ = L2/L1. Thus

at =
l1t
l2t
=

ξ2t + atξ
FDI
t

λξ1t
(2.8)

Using (2.1), the solutions are:

ξ1t =
1− (1− at) ξ

FDI
t

1 + atλ
,

ξ2t =
at(λ− (1 + λ) ξFDI

t )

1 + atλ
≡ atξ̃2t. (2.9)

where we define the bounded auxiliary function

ξ̃2t =
λ− (1 + λ) ξFDI

t

1 + atλ
.

The presence of FDI displaces sectors from domestic production. Also, the further
behind Economy 2 lags, the less export sectors it has.
Note that price equalization has determined the measure of sectors allocated

to production in Economies 1 and 2. Again, it is assumed implicitly that there is
some natural ordering for distributing the individual sectors between economies,
subject to the aggregate condition. It is assumed that there is one innovator per
sector. Innovators know if their sectors will be engaged in production or not, and
innovate with certainty if they will. Thus, we also exclude international innovation
races. In a separate paper (Mayer-Foulkes, 2006b), this ordering is established by
comparative advantage, and then it seems completely natural that innovators from
sector η in Economy j only innovate and then produce if their price will be lower
than their sector η counterpart in the other economy. Here, however, comparative
advantage would have to be combined with FDI, yielding unnecessary complexity.
Now we have the solutions

l1t =
(1 + atλ)L1

1− (1− at) ξ
FDI
t

,

l2t =
(1 + atλ)L1

at
¡
1− (1− at) ξ

FDI
t

¢ ,
lFDI
t =

(1 + atλ)L1

1− (1− at) ξ
FDI
t

.
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Note that employment in FDI is bounded by L2, so we must have

ξFDI
t lFDI

t =
ξFDI
t (1 + atλ)L1

1− (1− at) ξ
FDI
t

≤ L2.

However, equality generates a singular equation in at, so

ξFDI
t (1 + atλ)

1− (1− at) ξ
FDI
t

≷ λ⇔ ξFDI
t ≷ λ

¡
1− ξFDI

t

¢
⇔ ξFDI

t ≷ L2
L1 + L2

Thus, Economy 2 supports all desired FDI, or does not, for any value of at. The
solution for ξFDI

t that applies in the solutions above for ξ1t, ξ2t, l1t, l2t is:

ξFDI
t = min

∙
ξ̄
FDI
t ,

L2
L1 + L2

¸
.

Note that when Economy 2 specializes in FDI, so ξFDI
t = L2

L1+L2
= λ

1+λ
, it

does not export domestic products. Hence ξ2t = 0, and ξ1t =
L1

L1+L2
= 1

1+λ
. Also,

l1t = L1 (1 + λ) = L1 + L2, and l2t is irrelevant.
When Economy 2 is not specialized in FDI,

dξ1t
dat

=
d

dat

µ
1− (1− at) ξ

FDI
t

1 + atλ

¶
=

ξFDI
t − λ+ λξFDI

t

(1 + atλ)
2 < 0,

dl1t
dat

=
d (L1/ξ1t)

dat
> 0.

The aggregate product of Economy 1 is domestic production plus FDI profits,

Y1t = ξ1tA1tl1t + ξFDI
t

¡
1− χ−1at

¢
A1tl1t

=

µ
1 +

(1− χ−1at) (1 + atλ) ξ
FDI
t

1− (1− at) ξ
FDI
t

¶
A1tL1

Economy 2’s aggregate product is domestic production plus the FDI wage bill,

Y2t = A2tξ2tl2t + w2tξ
FDI
t lFDI

t

=

µ
(λ− (1 + λ) ξFDI

t )

1− (1− at) ξ
FDI
t

+ χ−1
ξFDI
t (1 + atλ)

1− (1− at) ξ
FDI
t

¶
A2tL1

Economy 2’s income is less than A2tL2 because on the FDI sectors profits belong
to Economy 1.
Note that if Economy j consists of nj identical countries, it could be defined

that each country produces domestically in ξjt/nj sectors, and countries in Econ-
omy 1 perform FDI in ξFDI

t /n1 sectors.

22



2.2. Innovation

Assume that each type of income stream (namely wages and profits) from domestic
or FDI production is associated with a stream of investment in innovation, each
with different propensities. The motivation for this assumption is to be able to
perform policy analysis. First, for comparison, let γwj , γ

π
j be the propensities

for investment from wages and profits in each economy. When the poor are not
credit-constrained and the financial system is well developed, the two propensities
might be the same. But in a less developed economy it is quite feasible that the
propensity for investment from wages is lower, and would result in lower steady
states. Now let γw,FDI

2 be the propensity for investment from wages in FDI.
In principle, this need not be different than γw2 . However, we consider the case
when γw,FDI

2 also measures a technology externality through employment, or when
FDI production is outsourced and includes technology transfer. Finally, let γFDI

j ;
j = 1, 2, be the propensities for investment from FDI profits, where j indicates
the economy whose knowledge base is benefitted. γFDI

1 represents investment
in raising home knowledge A1, and it is assumed γFDI

1 ≥ γπ1 . γFDI
2 represents

investment (or an externality) from foreign firms in raising host knowledge A2. It
may be that γFDI

2 = 0 is the normal condition in FDI production. In any case,
raising γFDI

2 may be a policy option.
Note that under domestic production, proportions 1/χ and 1 − 1/χ accrue

to wages and profits respectively, thus we can write an average propensity of
investment in innovation γj = γwj /χ+ γπj (1− 1/χ).
We assume that the rate of technological change in Countries 1 and 2 is given

by a formula representing aggregation from sector investments:

Ȧ1
A1
= µ

Z 1

0

µ
γ1y

DOM
1t (η) + γFDI

1 πFDI
t (η)

A1t

¶σ

dη,

Ȧ2
A2
= µG (at)

Z 1

0

Ã
γ2y

DOM
2t (η) + γw,FDI

2 wFDI
t (η) + γFDI

2 πFDI
t (η)

A2t

!σ

dη.

Here µ is some constant, yXjt (η), w
X
jt (η) and πXjt(η) are production, wages and

profits accrued in sector η, where X can be domestic or FDI production (DOM
or FDI), and 0 < σ < 1 is the elasticity of innovation with respect to investment
in the innovation function, which is assumed to have decreasing returns.26 Division
26The innovation function of the form yσ introduced here leads to scale effects of the same

form Lσ. If, instead, a (mathematically more complex) bounded innovation function is used,
then bounded scale effects will result.
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byAjt represents the fishing out effect. The functionG (at) is a decreasing function
in the technological lag at to the leader, reflecting Gerschenkron’s (1952) advantage
of backwardness. Thus, it is assumed that G (1) = 1, G0 (at) < 0. This introduces
technology transfer (through common knowledge) and convergence. Note that it
is implicitly assumed, in defining at = A2t/A1t, that only research in Economy
1 advances the leading technological edge, and that this knowledge generates
convergence. Hence, the model is only valid in the case when Economy 2 lags
sufficiently far behind. Above that level we would introduce another variable for
the leading edge technology, and a relative technological level ajt would be defined
for each economy with respect to it.27

In effect, since this is a simplified model, what we are assuming is that monopoly
producers retain their lead through innovation, and that externalities that raise
the level of knowledge Ajt are generated in the process. Technological change in
Economy 2, which might occur through technology adoption, is costly, though
the cost is less if Economy 1 is further ahead. Finally, FDI firms conduct their
research directly for production in Economy 2, so they have no further adoption
costs, they remain owners of this knowledge, and they increase their Economy’s
knowledge base.28

Performing the integrals and simplifying, the expressions for technological
change for each economy are:

Ȧ1
A1
= µlσ1t

µ
γσ1ξ1t + γFDIσ

1 ξFDI
t

µ
1− at

χ

¶σ¶
(2.10)

and

Ȧ2
A2
= µG (at) l

σ
1t

Ã
γσ2a

1−σ
t ξ̃2t +

γw,FDIσ
2 ξFDI

t

χσ
+ γFDIσ

2 ξFDI
t

µ
1

at
− 1

χ

¶σ
!
. (2.11)

FDI unambiguously raises Economy 1’s growth rate, for example under the
condition γFDI

1 ≥ γ1 (this is proved in the initial section of the Appendix). How-
ever, FDI has an ambiguous effect on the growth rate of Economy 2, since the
term in lσ1tξ̃2t (at) is decreasing in ξFDI

t while the others, with coefficients γw,FDI
2 ,

γFDI
2 , are increasing.

27As in other models (Howitt and Mayer-Foulkes, 2005; Aghion, Howitt and Mayer-Foulkes,
2005), we exclude innovation races.
28The propensities for innovation investment might be thought to account for differences in

the productivity of each type of research.
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It is also apparent that the hypotheses on innovation embody that engaging
in research in only a subset of sectors constitutes a disadvantage. Advancing
knowlege is most effective when it is advanced on all fronts.

2.2.1. Autarchy

In the case of autarchy (without FDI),

Ȧ1
A1
= µγσ1L

σ
1 ,

Ȧ2
A2
= µG (at) γ

σ
2L

σ
2 .

Hence
ȧt
at
= µγσ1L

σ
1

µ
G (at)

µ
γ2λ

γ1

¶σ

− 1
¶
.

The behavior of this dynamical system is described in the following Proposition.

Proposition 1. Under autarchy, Economy 1’s growth rate is µγσ1L
σ
1 . For

Economy 2, the following cases arise.
1. Overtake. If Economy 2 is more innovative than Economy 1 (either because

of its population size or because it invests more on innovation), that is, if γ2λ/γ1 >
1, then it eventually overtakes Economy 1: at reaches 1 and then the two economies
reverse roles.
2. Exact catchup. If the economies are equally innovative, that is, γ2λ/γ1 = 1,

then the unique steady state is a∗ = 1, at which the economies have identical
technological levels.
3. Divergence in levels. If Economy 2 is less innovative than Economy 1, that

is, if γ2λ/γ1 < 1 but G (0)
³
γ2λ
γ1

´σ
> 1, then there is a unique positive steady state

a∗ ∈ (0, 1), and the technological lag of Economy 2 is some fixed, bounded factor.
4. Divergence in growth rates. If Economy 2 is less innovative than Economy 1,

that is, if γ2λ/γ1 < 1 andG (0)
³
γ2λ
γ1

´σ
≤ 1, then the unique steady state is a∗ = 0.

If G (0)
³
γ2λ
γ1

´σ
= 1 then Economy 2 diverges ever further behind, although its

asymptotic growth rate equals that of Economy 1. If, instead, G (0)
³
γ2λ
γ1

´σ
< 1,

Economy 2 lags even further behind, with an asymptotic growth rate lower than

Economy 1’s by µLσ
1γ

σ
1

³
G (0)

³
γ2λ
γ1

´σ
− 1
´
.¥
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All proofs are in the appendix. Note that it is often assumed, perhaps unreal-
istically, that limat→0G (at) =∞. Then Case 4 above does not arise. I prefer not
to assume the impossibility of divergence in growth rates under autarchy.
Observe that if we take the developed world (which, in effect, is integrated by

trade) as leading Economy 1, most lagging economies are smaller in population.
Thus, even with equal propensities to innovate γ2 = γ1, λ < 1 so Economy 2
will diverge at least in levels. In this sense free trade is a necessary condition for
development.

2.2.2. Free trade without FDI

Let us first examine free trade without FDI. Then, using (2.7),

Ȧ1
A1
= µlσ1tγ

σ
1ξ1t = µγσ1L

σ
1ξ
1−σ
1t .

But we have shown that ξ1t is a decreasing function of at. Thus, Economy 1’s
growth rate is reduced by the presence of a less developed trading partner, be-
cause of the loss of sectors for innovation. This loss might be compensated if
the partner’s research contributed to the expansion of the technological leading
edge, which we have assumed does not happen. The maximal growth rate is the
autarchic one corresponding to at = 0, which yields ξ1t = 1.
We can examine a case where Economy 2 is essentially equivalent to Economy

1 by supposing that the knowledge systems become integrated under free trade.
Assuming for simplicity that γ1 = γ2, in effect the two economies become a single
economy with a growth rate µγσ1 (L1 + L2)

σ that is higher than the autarchic
growth rate. Thus, in the case of trade with another developed economy whose
R&D contributes to the expansion of the technological leading edge, the loss
of innovation sectors to this economy will be compensated by its technological
contributions to the leading edge.
If comparative advantage is introduced for the case of free trade the results

will be identical, except for two effects of comparative advantage (Mayer-Foulkes,
2006b). The first is a level effect due to the increased efficiency of production.
The second is a growth effect that arises because more resources are available for
innovation. Thus, under certain conditions Economy 1’s growth rate may increase
when trading with a less developed economy, in spite of the loss of sectors as a
result of efficiency gains in production yielding increased resources for innovation.
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Now consider the technological dynamics under free trade. Using (2.8) and
(2.9),

Ȧ2
A2
= µG (at) a

1−σ
t ξ̃2tγ

σ
2 l

σ
1t,

so
ȧt
at
= µLσ

1γ
σ
1ξ
1−σ
1t (H (at)− 1) ,

where

H (at) ≡ G (at) a
1−σ
t

γσ2 ξ̃2t
γσ1ξ1t

= G (at) a
1−σ
t

γσ2λ

γσ1
.

Proposition 2. Under free trade without FDI there are simple conditions
under which H (at) is a quasiconcave and limat→0H (at) = 0. Under these condi-
tions, there is always a divergent steady state a∗ = 0. If H (at) < 1 on (0, 1], this
is the only stable steady state. The following are also possible.
1. Overtake. If there is a single solution H(acrit) = 1 on the interval (0, 1],

then Economy 2 overtakes Economy 1 if a0 > acrit, and diverges in growth rates
if a0 < acrit; a0 = acrit is an unstable steady state.
2. Convergence in growth rates. If there are two solutions H(acrit) = H(a∗2) =

1, 0 < acrit < a∗2 ≤ 1, then Economy 2 converges to a∗2 if a0 > acrit. It diverges
in growth rates if a0 < acrit. As before, a0 = acrit is an unstable steady state,
and catchup is exact if γσ2λ = γσ1 , a slightly different condition than in autarchy:

economy size has a higher exponent. Assuming also that d
dat
(G (at) a

1−σ
t )

¯̄̄
at=1

< 0,

identical economies fall in this case, with a∗2 = 1.¥

Proposition 2 shows that the introduction of free trade generates the possibility
of divergence in any economy with a sufficiently low initial relative technological
level.
Note that quasiconcavity is only introduced for simplicity. More complex

functional forms could yield more steady states.

Corollary 3. If Economy 2 opens to free trade at the autarchic steady state
it will converge to a higher steady state only when it has a higher productive
capacity than Economy 1.¥
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Only with a higher productive capacity will Economy 2 not loose innovation
sectors and fall into divergence. This condition might hold for China and India,
but not for Brasil and Mexico, as discussed in the introduction.
Note that if fixed productivity effects are introduced in the production function

to represent institutional development, human development, and other determi-
nants of development, these will intervene in the productive capacity term men-
tioned in the Corollary. Hence GDP is a good measure of ‘productive capacity’,
since it includes the effects of these various factors.

2.2.3. Free trade with FDI

FDI increases the incentives for innovation for Economy 1. Its growth rate

Ȧ1
A1
= µLσ

1

µ
γσ1ξ

1−σ
1t + γFDIσ

1 ξ−σ1t ξ
FDI
t

µ
1− at

χ

¶σ¶
is a decreasing function of at. Economy 1 grows fastest at at = 0, when it does
not loose innovation sectors through trade, and when FDI occurs with the low-
est possible wages. When γFDI

1 ≥ γ1, Economy 1’s growth rate is
Ȧ1
A1

¯̄̄
at=0

≥

µγσ1L
σ
1

¡
1− ξFDI

t

¢−σ
, which is higher than the autarchic rate. At higher values

of at, FDI also compensates, though maybe not fully, for the loss of innovation
sectors in trade.
Asymmetries in FDI will also lead to asymmetries in innovation in the case

when Economy 2 is essentially equivalent to Economy 1, contributing to the ex-
pansion of the leading technological edge.
Let us turn to the dynamics under free trade and FDI. Note that ȧt

at
= Ȧ2

A2
− Ȧ1

A1
,

ȧt
at
≷ 0 ⇔ Ȧ2

A2
/ Ȧ1
A1
≷ 1. Thus we study the function

Ȧ2
A2

Ȧ1
A1

= F
¡
at, ξ

FDI
t

¢
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FN

¡
at, ξ
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t

¢
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¡
at, ξ
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¢ ,
where
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at, ξ
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³
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t ξ̃2t (at) +
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,
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t

³
1− at
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> 0.
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Proposition 4. Under free trade and FDI:
1) When γFDI

2 > 0, divergence in growth rates is impossible.
2) When γFDI

2 = 0, divergence in growth rates is impossible if either a) con-
vergence forces are strong enough (limat→0G (at) = ∞) and γw,FDI

2 > 0, or b)
convergence forces and γw,FDI

2 are jointly large enough, namely,

G (0) γw,FDIσ
2 > χσ

µ
γσ1
1− ξFDI

t

ξFDI
t

+ γFDIσ
1

¶
.

3) Suppose γFDI
2 ≤ γFDI

1 and γw,FDI
2 ≤ γ2. High enough steady states a

∗ ≤ 1,
will be lowered by additional FDI. That is, FDI will raise Economy 1’s growth
rate more than Economy 2’s.

What this implies is that under policies ensuring technological transfer from
FDI (so that γFDI

2 and γw,FDI
2 are large enough) the following happens. First,

divergence in growth rates will be eliminated for economies lagging far behind,
and second, intermediate economies will not lag so far behind in levels.29

The presence of FDI implies innovation crowding because Economy 2 innova-
tors produce in less sectors, and because Economy 2’s income is deprived of the
profits it would obtain if it produced in the FDI sectors.
The contribution of FDI sectors to Economy 2’s knowledge is minimal if their

main activity is labor employment. It can be higher when the FDI production
chain involves subcontracting and technological transfer, a policy carried out by
Taiwan as described above. In the extreme case, when Economy 2 specializes in
FDI (the Banana Republic), the absence of a domestic sector implies the ques-
tion: who is the repository of local knowledge A2? Only unskilled work remains!
Subcontracting may provide a route to development, as it did in Taiwan, a small
country.
If FDI has the negative effects claimed by Proposition 4, why do countries

accept it? First, let it be said that opposition to FDI has occurred frequently.
The main point is that FDI has a considerable power of negotiation that derives
from its supernormal profits. When it arrives, it can offer higher wages to begin

29Note, of course, that although the proposition asks only for positive γFDI
2 , if the value is

too small then the resulting steady state may imply a lag so large that it cannot in practice be

distinguished from divergence in growth rates. What is required is that γFDI
2

³
χ
at
− 1
´
be of

the order of magnitude that γw,FDI
2 must have.
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with, offer certain benefits, or bribe corrupt officials. Later, it can use threats to
move to another country as leverage. However, negotiation is a two way street. It
is indeed possible to regulate FDI, so that it contributes with technology transfer
and other benefits, as China has shown. However, for smaller countries such
negotiation may only be possible in the context of a global governance of free
trade and investment.

3. Conclusions

This paper presents a model of development and underdevelopment in an open
global economy. The model shows that trade can accentuate advantages in inno-
vation that result from innovating in more sectors. As a consequence of free trade
and FDI unequal or divergent steady states may persist between economies differ-
ing only in their relative status. Miracle growth between these steady states can
also arise. Thus, geographic, institutional, and other differences between coun-
tries are not necessary conditions of backwardness, although they certainly can be
aggravating or promoting factors determining steady state levels and membership.
The model incorporates trade and foreign investment in a Schumpeterian

model of economic growth with technology transfer. It shows that under free
trade innovation and production sectors tend to be allocated across countries in
proportion to their productive capacity, and that in these circumstances innova-
trion externalities between sectors can generate divergence. One solution to this
problem may be to promote exports in combination with some graduated form of
import protection that saves some sectors for further development once aggregate
productive capacity catches up. Another solution is technology transfer.
In addition, FDI results in unequal incentives for innovation that favor leading

countries and crowd out host innovation. The positive news here is that when
trade and FDI have been regulated to achieve technology transfer and protect
enough domestic sectors (as in China recently and in East Asia before) they
have proved to be powerful instruments for achieving miracle growth leading to
development. Moreover, the commercial partners and investor countries have also
benefited from the process. Where such regulation has not been applied, the
results have not been as good.
In practice, technological adoption is so difficult that high rates of economic

growth and convergence have only been sustained through integration with the
world economy. Prolonged episodes of high economic growth involve, almost with-
out exception, the controlled use of trade and FDI to favor technological transfer
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and independence. These episodes have been a repeated feature of economic
history, characterizing most countries’ transition to development. The model ex-
plains these stylized facts in terms of the underlying incentives for innovation;
development and underdevelopment are understood as steady states, and miracle
growth episodes as a transition between them.
Theories finding that free trade and investment across countries lead to equal-

ization in growth rates and productivity levels are usually based on competitive
markets and on production functions facing diminishing returns. In these situ-
ations, the tendency to equilibrium usually generates convergence. Innovation,
however, is driven by incentives derived from market power. Only a public global
policy can curb the abuses or distortions which can derive from such power. This
is the principle behind anti-trust law, and the same principle holds in the case of
international trade and investment. Competition between equals – even between
huge consortiums – may be beneficial. But when important asymmetries arise,
the long-term independence and development of the weak must be safeguarded.
Access to markets and cheap labor must be compensated with the transfer of
knowledge. Policies guaranteeing technological development in underdeveloped
countries are indispensable for globalization to successfully raise incomes and elim-
inate poverty, and with it, some of the antagonisms that generate terrorism and
war.
Unlocking the growth potential of trade and FDI requires global regulation

through worldwide trade and investment agreements that correct the inherent in-
novation imbalances and promote economic development for all countries through
technology and other transfers (such as skills and infrastructure).
If underdevelopment consists of a technological trap generated under global-

ization, as is proposed here, it is vital to recognize this. Unlocking the trap will
lead to miracle growth and enormous welfare gains, while ignoring it will doom
misjudged economic policies.
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4. Appendix

FDI raises Economy 1’s growth rate. Assume γFDI
1 ≥ γ1 and let “≈” mean

“has the same sign as”.
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+
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´
. Indeed, it is enough if γFDIσ1

γσ1

> (1− σ)
³
1−at
1+atλ

´³
1− at

χ

´−σ
, a number just shown to be less than 1.

Proof of Proposition 1.

ȧt
at
= µLσ

1γ
σ
1

µ
G (at)

µ
γ2λ

γ1

¶σ

− 1
¶
.

Since ȧt
at
is a decreasing function of at, and steady states occur when ȧt

at
= 0, there

is at most one steady state. The different cases correspond to when ȧt
at
is always

positive, when it crosses zero at at = 1, when it crosses zero on (0, 1), and when
it crosses zero at 0 or is negative for all values of at.¥

Proof of Proposition 2.
An example of a family of functions G (at) satisfying the desired properties is:

G (at) = 1 + ζ
³
1− aβt

´
,

with ζβ > 1 − σ. Note d
dat
(G (at) a

1−σ
t )

¯̄̄
at=1

= −ζβ + 1 − σ < 0, and

limat→0(G (at) a
1−σ
t = 0. Further, note that ln (G (at)) is a convex function of
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x = ln (at), because

d2

dx2
¡
ln
¡
1 + ζ

¡
1− eβx

¢¢¢
= −

¡
1 + ζ

¡
1− eβx

¢¢−2
eβxβ2ζ (1 + ζ) < 0.

But ln(a1−σt ) is a linear function of x. Hence, ln(G (at) a1−σt ) is a convex function
of x. Therefore, G (at) a1−σt first rises and then falls: it is quasiconcave. The quasi-
concavity of H (at) now implies that there are at most two solutions toH (at) = 1.
The remainder of the proof is standard.¥

Proof of Corollary 3. Observeµ
G (at) a

1−σ
t

γσ2λ

γσ1

¶µ
G (at)

µ
γ2λ

γ1

¶σ¶−1
= (atλ)

1−σ .

Thus, if economy 2 opens to free trade at the autarchic steady state (when
G (at) (γ2λ/γ1)

σ = 1) it will only converge to a higher steady state if A2tL2
A1tL1

=
atλ > 1.¥

Proof of Proposition 4.
1)When γFDI

2 > 0, limat→0 FN
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=∞ (while FD
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is bounded),

so Economy 2 grows faster than Economy 1 for small values of at.
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This follows either from limat→0G (at) =∞ or from the stated inequality.
3) Write X = (at, ξ
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At at = 1, FξFDIt
(X) ≈ γw,FDIσ2
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< 0, so this in-
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Origin NAFTA European 
Union Japan S Korea

Other 
Asia, 

Pacific

Other 
Europe 

and 
Turkey

South 
America

Total
American 9508 3846 0 0 350 52 611 14367
European 3636 11881 0 0 520 1077 1240 18354
Japanese 2851 811 10049 0 1251 88 39 15089
S Korea 0 0 0 1954 28 150 0 2132

Pacific 0 0 0 0 756 0 0 756
Other Europe 0 0 0 0 0 792 0 792

South America - - - - - - - -
Total 111965 115766 70343 13678 20335 15113 13230

LDC's

Developed LDC's

D
ev

el
op

ed

Data Source: ILO (2000).

Table 2. Consolidated World Motor Vehicle Production by Nationality of Origin and Consumption, 1998 
(thousand units)
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