
Open Econ Rev (2010) 21:565–588
DOI 10.1007/s11079-008-9102-8

RESEARCH ARTICLE

Skilled Migration and Business Networks

Frédéric Docquier · Elisabetta Lodigiani

Published online: 30 October 2008
© Springer Science + Business Media, LLC 2008

Abstract The role of migrants’ networks in promoting cross border invest-
ments has been stressed in the literature, possibly making migration and
FDI complements rather than substitutes in the long run. In this paper, we
estimate the magnitude of such business network externalities in dynamic
empirical models of FDI-funded capital accumulation. We use original data
on capital and migration stocks rather than flows. Regarding migrants, we
distinguish the total and skilled diasporas abroad. In both cross-sectional and
panel frameworks, we find evidence of strong network externalities, mainly
associated with the skilled diaspora.
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1 Introduction

For the last decades, the pace of international migration has accelerated. Ac-
cording to the United Nations, the number of international migrants increased
from 75 to about 200 million between 1960 and 2005. An increasing proportion
of them is concentrated in high-income countries. The phenomenon is likely
to further develop in the coming decades given the rising gap in wages and
the differing demographic futures in developed and developing countries. The
consequences of emigration for countries of origin have attracted the increased
attention of policymakers, scientists and international agencies.

Many observers have emphasized the benefits from unskilled migration and
the costs of skilled migration for developing countries. However, alongside the
direct impact on the labor market, migrants generate multiple feedback effects
on their origin countries. An important channel concerns remittances. The
recent Global Economic Prospects (World Bank 2006) stress the substantial
welfare gains for migrants’ families. Officially recorded remittances worldwide
exceeded $232 billion in 2005, twice the level of international aid. About 72%
of this goes to developing countries. In addition, recent models in the brain
drain literature emphasize the beneficial effects of skilled migration prospects
on education enrollment and the benefits associated to return migration
(after additional skills and knowledge have been acquired abroad).1 This
literature shows that the global impact of skilled migration on human capital
is ambiguous.

Network or diaspora externalities constitute an additional channel through
which migration affects source countries. By creating trust, providing mar-
ket information and reducing transaction costs, the diaspora abroad acts as
promoting trade, investment and technology adoption in the origin country.
The purpose of our paper is to evaluate the magnitude of these “business
network” externalities on foreign direct investment (FDI). In a global context,
FDI inflows constitute a major source of capital accumulation and technology
diffusion in developing countries. As suggested by various sectoral studies,
the diaspora impact is likely to be linked to the presence of skilled migrants
abroad. As a result, a beneficial brain drain can be obtained, even when
depressing the average level of schooling in the emigration country.

Using an original data set on emigration stocks by educational attain-
ment and FDI-funded capital stock, we empirically evaluate the relationship
between FDI, the size and the educational structure of the diaspora. Our
empirical study has three important characteristics:

• First, it relies on two original sources of data. Regarding FDI, we use a
classical inventory method to evaluate the FDI-funded stock of capital per
worker in a large number of countries. As FDI flows are very volatile

1See Stark et al. (1997, 1998), Mountford (1997), Beine et al. (2001, 2008), Stark and Wang (2002).
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and can hardly be interpreted in the long-run (long-run equilibria are
usually defined in terms of stocks), working on stock data is much better
than working on flows. Regarding migration, we distinguish skilled and
unskilled migrants and, contrary to previous studies, we also use migration
stocks instead of flows. We rely on new data sets on international migration
by educational attainment, that describe the loss of skilled workers to the
OECD for all countries (see Docquier and Marfouk 2006 and Defoort
2008). A first original feature of our analysis is that it distinguishes the
role of migrants’ education.

• Second, we compare cross-section and panel elasticities. Our analysis is
guided by the availability of migration data. As migration stocks are
only evaluated for 1990 and 2000, our core empirical model describes
the change in the FDI-funded capital stock between 1990 and 2000. Such
a cross-section regression raises multiple problems of endogeneity and
omitted variables. In a second stage, we use an extended version of the
migration data set and test for the network effect using dynamic panel
regressions with 4 observations by country. Hence, as second original
feature of our analysis is that we control for unobserved heterogeneity and
possible endogeneity biases. Although many controls are not available on
a large period, the panel results confirm the existence of strong diaspora
effects of similar intensity.

• Finally, instead of relying on bilateral data, our analysis is based on the
aggregate stock of FDI-funded capital received by the world countries. It
could be argued that bilateral models allow to better identify the role of
distances, historical links, diasporas, etc. However, bilateral approaches
induce major difficulties. For a potential investor, the decision to invest
in one country depends on the economic characteristics of that country,
but also on the characteristics of other countries and on the investment
decisions of other foreign investors. It is extremely difficult to account
for these interdependencies (reflecting competition and asymmetric in-
formation among investors and among recipient countries) in standard
gravity models. Kugler and Rapoport (2007) or Javorcik et al. (2006) avoid
modeling competition by focusing on investments from one particular
country, the US. They provide evidence of contemporaneous substitutabil-
ity and dynamic complementarity between migration and FDI. However,
if the goal is to assess the total effect of emigration on FDI and capital
accumulation, it is important to work at a global level. Compared to a
bilateral approach (which can be considered as complementary to ours),
our analysis based on aggregate FDI offer some advantages. First, it allows
us to disregard the competition and/or coordination between foreign
investors. Second, it increases the size of the sample and allows us to use
panel regressions (bilateral FDI data are only available for limited pairs of
countries or for limited periods). Third, it is based on a comprehensive
measure of FDI inflows in recipient countries. Fourth, it allows us to
characterize the dynamics of physical capital per worker, a concept which
is commonly used in growth models.



568 F. Docquier, E. Lodigiani

We find evidence of important network externalities. Our analysis confirms
that business networks are mostly driven by skilled migration. The short-run
elasticity of the FDI-funded capital stock to skilled migration is between 2
and 3%. The long-run elasticity of the FDI-funded capital stock to skilled
migration is between 50% (in cross-section regressions) and 75% (in panel
regressions). Hence, the size and the quality of the diaspora matter. The recent
literature on the brain drain reveals the human capital response to skilled
migration is likely to be positive in large countries characterized by low rates
of migration. This paper brings an additional channel through which large
countries may benefit from skilled migration: having a large educated diaspora
abroad stimulates physical capital accumulation. On the other hand, small
countries are less likely to benefit from skilled migration.

The rest of the paper is organized as following. Section 2 gives a brief
overview of the literature on network. Section 3 describes the empirical
estimation strategy. Data are presented in Section 4. Cross-section results are
discussed in Section 5. Section 6 gives the panel estimates. Finally, Section 7
concludes and discusses possible extensions.

2 Literature review

Diaspora externalities have long been recognized in the sociological literature
and, more recently, by economists in the field of international trade. In
many instances, and contrarily to what one would expect in a standard trade
theoretic framework, trade and migration appear to be complements rather
than substitutes thanks to the participation of migrants to trade networks,
which reduce transaction and other types of information costs.2 The same
‘transaction cost’ argument holds for the relationship between migration and
FDI. To the extent that skilled migrants participate in business networks that
contribute to reduce transaction costs between the host and home countries,
skilled migration will encourage future FDI flows, which will foster activity
and welfare in the emigration country.

Rauch (2003) explains the importance of networks/diasporas as conduits for
trade, investment and technology transfer from North America and Europe
to the less developed world. Also the IOM (International Organization for
Migration) stresses the importance of diaspora contributions within FDI and
Trade. For example, it is estimated that 50 to 70% of FDI in China originated
in the Chinese diaspora. The importance of Chinese networks is confirmed for
instance by Gao (2003) and Tong (2005).

2See for example Gould (1994), López and Schiff (1998), Rauch and Trindade (2002), Rauch and
Casella (1998), Wagner et al. (2002). On the contrary, focusing on the mechanisms through which
NAFTA-related variables might work to reduce migration to the US, Aroca and Maloney (2004)
used data on migration flows from and within Mexico without distinguishing between skilled and
unskilled migrants. They found that both FDI and trade variables are substitutes for labor flows
(FDI and trade reduce migration).
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Why would diasporas be important in promoting international trade and
investments? Rauch (2003) stresses two major channels through which the
diaspora could promote international trade and investments. First, it creates
(or substitutes for) trust in a weak international legal environment. Co-ethnic
networks provide community enforcement of sanctions to deter opportunism
and violations of contracts. If a party acts opportunistically, then its reputation
would suffer within that network. Second, the diaspora provides market
information or supplies matching and referral services. Co-ethnic networks
can promote trade because they are familiar with the market needs in their
country of origin. They can provide important information to foreign investors,
which may otherwise be difficult or costly to obtain. In addition, they reduce
communication barriers: migrants know the language, the culture, the values,
the law and the practices of their home country. They know the way of thinking
of their compatriots and they better understand who is well to trust or not
to trust being more aware of potential business partners. The channels just
described seem to apply mainly to skilled migrants, as it is confirmed by various
sectoral case-studies, notably in the case of the software industry (Saxenian
1999, 2001; Arora and Gambardella 2004).

A few empirical studies aimed at measuring the magnitude of the diaspora
externality. In his study on the role of ethnic Chinese networks in attracting
FDI, Gao (2003) considered both the population share of ethnic Chinese and
the log of the absolute population of ethnic Chinese in the source country. In
a gravity model framework, Tong (2005) studied the role of ethnic Chinese
in promoting bilateral investments by using the product of the numbers of
ethnic Chinese in pairs of countries in 1990. In another study on Germany,
Buch et al. (2003) used data on inward and outward migration of Germans and
foreigners. As they could not have information on the stocks of Germans living
abroad or on foreigners living in Germany, they computed gross and net stocks
of migrants in order to obtain proxies for the community of Germans living
abroad and of foreigners living in Germany, respectively. They found that
FDI are complements to migration: there is a relatively strong link between
the stocks of German migrants and the stocks of German FDI abroad. For
the immigration of the foreigners and FDI inflows, the evidence is weaker.
They tested also for causality: they found that with regard to outward FDI and
emigration of Germans, the causality seems to run from migration to FDI; with
regard to FDI inflows and immigration of foreigners, the causality seems to run
from FDI to migration.

Only in a more recent study Kugler and Rapoport (2007) combined US
Census data on immigration stocks by country of origin and education level
for 1990 and 2000 with data from the US Bureau of Economic Analysis on
FDI outflows by destination country and sector. They model the relationships
of substitutability or complementarity between migration (by skill level) and
the sectoral composition of FDI. They find that skilled migration and FDI
inflows are negatively correlated contemporaneously but past skilled migration
is associated with an increase in current FDI inflows. Moreover, they find
evidence of substitutability between current migration and FDI for migrants
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with secondary education and of complementarity between past migration and
FDI for unskilled migrants.

Javorcik et al. (2006), also examine the relationship between the presence of
migrants in the United States and US FDI in the migrants’ countries of origin,
explicitly taking into account the endogeneity problem that has been ignored
in the previous study. They find that US foreign investments are positively
correlated with the presence of migrants from the host country. The data
further indicate that the relationship between FDI and migration is driven by
the presence of migrants with a college education.

3 Empirical specification

Contrary to previous studies of the determinants of FDI inflows, our depen-
dent variable is the average annual real growth rate of the capital stock per
worker funded via FDI inflows rather than the levels of FDI.

Therefore, to address the question whether the amount of FDI is influenced
by the stocks of migrants abroad, we consider the stock of FDI-funded capital
per worker, ki,t, and we estimate the following β-convergence empirical model:

ln
ki,t

ki,t−1
= a0 + a1. ln ki,t−1 + a2.hi,t + a3. ln mi,t + a4. ln Ni,t

+a5. ln Mi,t + a6.hM
i,t + a7.Riski,t + a8.Xi,t + εi,t (1)

where

• a0 is a constant in the cross-section framework. We will use country and
time fixed effects in the panel framework;

• ln ki,t−1 is the lagged stock of FDI-funded capital per worker and cap-
tures the convergence speed towards the optimal amount of capital per
worker: we expect a negative sign for the estimated coefficient (in the β-
convergence tradition, a1 = −β);

• hi,t denotes the share of high-skill workers in the country and captures the
effect of human capital on capital accumulation: the effect is ambiguous.
On the one hand, the proportion of high-skill workers has a positive effect
on labor productivity. On the other hand, it is more and more usual to
relocate part of the production process in countries endowed in unskilled
labor when the cost of labor is low;

• ln mi,t and ln Ni,t are respectively the growth rate of the labor force and
the log of the working-aged population. They capture the dilution effect of
population growth and size, as well as the market size. We expect dilution
effect to play negatively on capital per worker: since capital adjustments
take time, a rise in the labor force has a negative impact on capital per
worker in the short-run. However, a large labor force or a high population
growth rate induces an increasing market size which is more attractive for
investments;
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• ln Mi,t represents the log of the stock of total (or high-skill) expatriates
and measures the intensity of the migration business network. We expect a
positive sign for the estimated coefficient if network effects are significant.
Ceteris paribus, the short-run elasticity of the FDI-funded capital stock to
skilled migration is a5. The long-run elasticity is -a5/a1;

• hM
i,t is the share of high skilled migrants and determines the importance

of high-skill workers in determining the business network externality. We
expect a positive estimate;

• Riski,t represents an index that controls for the political environment, such
as the democracy index;

• Xi,t denotes additional controls such as distances with the most important
migrants’ destination countries and trade openess;

• εi,t is the residual.

In Section 5, this empirical model will be estimated in a cross-section
environment. In Section 6, we will use a panel regression model.

Are migration and FDI substitutes or complements? From Eq. 1, the gen-
eral impact of migration on capital accumulation is quite difficult to evaluate.
Using Ki,t = ki,t.Ni,t,we have:

ln Ki,t = a0 + (1 + a1).(ln Ki,t−1 − ln Ni,t−1) + a2.hi,t + a3. ln mi,t

+(1 + a4). ln Ni,t + a5. ln Mi,t + a6.hM
i,t + a7.Riski,t + a8.Xi,t

Obviously, a new migrant (leaving her country between t − 1 and t) induces
a one-for-one decrease in Ni,t and a one-for-one increase in Mi,t. Older
migrants (who left before t − 1) impacted on Ni,t−1 and in turn on Ki,t−1.
Migration also affects the structure of the labor force (hi,t), the education struc-
ture of the network (hM

i,t ) and the growth rate of the labor force (mi,t). There-
fore, deriving the global impact of contemporaneous migration on capital is a
complex task. Hence, we will not address the issue of global substitutability
or complementarity between migration and FDI. Our purpose will only be
to check for the existence of network effects in capital accumulation and to
examine whether such diaspora relationships are skill biased.

4 Data issues

In this section, we describe the data used to test the relationship between the
diaspora size and the foreign capital stock in activity. In particular, we describe
how we have built measures for the capital stock per worker (FDI-funded or
total) and for the network size (by educational attainment).

Capital stock data Data on foreign direct investments and the gross forma-
tion of physical capital are taken from the World Development Indicators.
Regarding FDI, this data set gives the total inflows by country, abstracting
from the origin of the inflows and the type of FDI. Hence, our analysis will
focus on the diaspora impact on aggregate FDI inflows rather than on bilateral
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exchanges. In addition, we will not distinguish between vertical FDI that aim
at relocating a part of the activity, and horizontal FDI that aim at conquering
a new foreign market.3

Data on FDI and total investments are mainly available from the late 1970’s
(about 100 observations in 1975 for both variables) and are available for about
150 countries in the recent years. Tables 1 and 2 give a broad pictures of the
data. We compute the average growth rate of FDI and the share of FDI in total
investment by income group and by region of particular interest.

Table 1 compares the average annual growth rate of FDI and total in-
vestments evaluated in constant 1995 $US between 1980 and 2000. With
globalization, the growth rate of FDI have been much stronger than the growth
rate of total investments in the last twenty years, except in the early nineties.
Strong disparities can be observed across groups of countries. High growth
rates are observed in high-income, OECD countries, comforting the fact that
economic activity tends to concentrate where initial productivity if high, i.e.
where human capital is high or where the number of firms is large. However,
as many stages of the production process can be relocated in countries where
the cost of labor is low and as new markets are emerging all around the world,
other less developed countries have also benefited from large investments.
FDI grew rapidly in low-income countries in the early eighties and nineties,
especially in Asian countries. Sub-Saharan and Latin American countries also
exhibit high growth rates in the early nineties.

Table 2 gives a broad picture of the share of FDI in the gross formation
of physical capital. This proportion indicates whether or not globalization
affected the ownership of capital all around the world. On the whole sample,
the share of FDI increased from 5.4% in 1980 to 39.3% 2000. Remarkable
increases were observed between 1995 and 2000 and to a lesser extent, between
1985 and 1990. The largest changes are obtained for high-income OECD
countries. Nevertheless, important relative changes are also observed in South-
East Asia, East Asia, Latin America. A remarkable fact is that changes in
the FDI proportion vary with country size (usually capturing the degree of
openness): small countries have experienced a drastic increase in FDI over the
last years.

As investment flows are extremely volatile and cannot capture the long-run
trends of nations (in the long-run, flows just compensate for depreciation and
demographic growth), our analysis is based on stock data. Obviously, there
is no data set providing series of capital stock (a fortiori, FDI-funded capital
stock) by country. We thus use investment data to construct capital stock series
for 114 countries in 1990 and 2000. We distinguish the FDI-funded capital stock
and the total capital stock. We use a classical inventory method based on the
standard equation of capital accumulation:

Ki,t = Ki,t−1(1 − d) + Ii,t−1

3For a more precise definition see Barba Navaretti and Venables (2004).
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Table 2 Share of FDI in investments (per year)

1980 1984 1985 1989 1990 1994 1995 2000

Total 0.054 0.064 0.060 0.113 0.108 0.100 0.113 0.393
By income group

High income 0.058 0.069 0.064 0.127 0.131 0.105 0.120 0.457
Upper-middle income 0.045 0.056 0.045 0.044 0.042 0.069 0.086 0.190
Lower-middle income 0.021 0.023 0.040 0.055 0.015 0.056 0.063 0.130
Low income 0.009 0.012 0.019 0.030 0.028 0.117 0.108 0.107

By region
Mena 0.073 0.088 0.040 0.073 0.068 0.095 0.095 0.156
Sub-Saharan Africa 0.019 0.017 0.063 0.070 0.051 0.119 0.139 0.119
East Asia 0.008 0.018 0.020 0.047 0.050 0.035 0.036 0.122
South East Asia 0.070 0.055 0.057 0.111 0.145 0.134 0.117 0.227
Other Asia 0.050 0.067 0.020 0.029 0.026 0.037 0.053 0.072
Latin America 0.038 0.045 0.048 0.047 0.044 0.087 0.099 0.220
OECD countries 0.057 0.068 0.064 0.125 0.127 0.103 0.120 0.426

By size
Large and upper middle 0.056 0.061 0.052 0.105 0.101 0.089 0.104 0.331
Small and lower middle 0.033 0.091 0.144 0.199 0.193 0.229 0.218 0.997

Source: World Bank Development Indicators (2003). Own calculations

where d is the depreciation rate (fixed at 4% a year) and Ii,t−1 is the amount of
FDI or total investment alternatively.

We start from an hypothetical long-run value given by

Ki,1980 = Ii,75−80

d

where Ii,75−80 is the growth-corrected average amount of investment between
1975 and 1980.

We then apply the capital accumulation function sequentially to compute
annual stocks from 1980 to 2000. Series of capital per worker ki,t are obtained
by dividing the capital stock by the labor force, proxied as the population aged
25 and more in the country.

Migration and human capital data Data on the population aged 25 and more
(proxy of the labor force) are provided by the United Nations. The labor
force is splitted across educational group using international human capital
indicators. Three levels of schooling are distinguished:

• low-skill workers are those with less than upper-secondary education,
• medium-skill workers are those with upper-secondary education

completed,
• high-skilled workers are those with more than upper-secondary education.

Several sources are combined. Following Docquier and Marfouk (2006),
we use De la Fuente and Domenech for OECD countries and Barro and
Lee (2001) data for other countries. For countries where Barro and Lee
measures are missing, we use Cohen and Soto’s available indicators (2007)
or we transpose the skill sharing of the neighboring country with the closest



Skilled Migration and Business Networks 575

rate of enrollment in education. Hence, data on the labor force by educational
attainment are available for all the world countries.

Regarding migration, our analysis builds on a new comprehensive data
set on international migration by educational attainment (see Docquier and
Marfouk 2006). This data set describes the loss of skilled workers to the OECD
for all countries in 1990 and 2000. They distinguish the same educational
groups as in the human capital data above. Emigration stocks by educational
attainment are computed for every country of the world. These stocks are
obtained by aggregating consistent immigration data collected in receiving
countries. Docquier and Marfouk count as migrants all working-aged (25 and
over) foreign born individuals living in an OECD country. Considering the
working-aged population (aged 25 and over) maximizes the comparability of
the immigration population with data on educational attainment in the source
countries. It also excludes a large number of students who temporarily emi-
grate to complete their education. By restricting the set of receiving countries
to the OECD area, they focus on the South-North and North-North brain
drain. Although a brain drain can be observed outside the OECD area (to the
Gulf countries, South Africa, Malaysia, Hong-Kong, Singapore, Taiwan, etc.),
they estimate that about 90% of high-skill international migrants are living
OECD countries. Data are available for all the world countries. They measure
the size of the diaspora residing in the OECD, by educational attainment.

Such data can be used for the cross-section analysis of the determinants
of FDI. For extended panel regressions, we use the estimates provided in
Defoort (2008). Focusing on the six major destination countries (USA,
Canada, Australia, Germany, UK and France), she computed skilled emigra-
tion stocks and rates from 1975 to 2000 (one observation every 5 years). On
the whole, the six destination countries represent about 75% of the OECD
total immigration stock. However, for some origin countries, the coverage is
quite low. For example, Surinamese emigrants mainly live in the Netherlands.
About 3% of Surinamese emigrants live in the six major receiving countries.
The panel analysis is then based on much reliable econometric techniques, but
less reliable data.

Other data As for FDI and total investments, the world development indi-
cators provide information about other country characteristics such as pop-
ulation size and growth, level of income. Data on political regime are taken
from the POLITY IV data set. The indicator of democracy ranges from 0
in dictatorial regimes to 1 in democratic regimes. It measures the general
openness of political institutions and combines variables such as the regulation
of Executive Recruitment (institutionalized procedures regarding the transfer
of executive power), the competitiveness of executive recruitment (extent to
which executives are chosen through competitive elections), the openness of
executive recruitment (opportunity for non-elites to attain executive office),
executive constraints (operational independence of chief executives), the reg-
ulation of participation: development of institutional structures for political
expression) and the competitiveness of participation (extent to which non-
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elites are able to access institutional structures for political expression). The
worst scores are obtained in Afghanistan, Burma, Cuba, Equatorial Guinea,
Iraq, Libya, Saudi Arabia, Sudan, Syria, Turkmenistan.

5 Empirical analysis

Our general β-convergence model is given by Eq. 1 in which ki,t measures the
FDI-funded capital stock per worker in country i at time t. The dependent
variable is the average annual real growth rate of ki,t between 1990 and 2000.
Building on Eq. 1, we introduce a set of controls Xi,t which were shown to
influence investment decision in existing empirical studies. As argued by Barba
Navaretti and Venables (2004), “explanatory variables can be a vector of firm
and/or industry characteristics, of home country characteristics, of host country
characteristics and of bilateral relationships between home and host countries,
such as the distance between them. Choice of variable to use depends partly
on the hypothesis being investigated and partly on data availability”.

To avoid serious multicollinearity problems, we do not incorporate all
potential controls simultaneously. We compare several regressions and try to
end up with the most reasonable model in which only significant variables are
kept. In these regressions, we will consider the democracy index, the distance
with two important industrialized regions (the USA and the EU15) as well as
international trade.

Geographical distance can be used as a proxy for trade costs (Gao 2003).
Trade costs can have opposite implications for the pattern of FDI. Vertical FDI
are negatively affected by distances as they involve trade. Horizontal FDI are
likely to increase with distances (one of the main reason of horizontal FDI is to
serve foreign markets minimizing trade costs). Usually geographical distance
is considered as one of the most important obstacles to FDI, meaning that
(i) there could be a dominance of vertical FDI, but also that (ii) setup fixed
costs involved by horizontal FDI can be positively correlated with distance
(Markusen and Venables 2000). The recent literature also assimilates greater
geographic distance to greater ‘cultural’ distance and thus larger communica-
tion and information costs (Buch et al. 2005). In this sense, greater distance
could have a direct (negative) effect on both vertical and horizontal FDI.

Similarly, the degree of trade openness has an ambiguous impact on FDI,
depending if the type of investment. In the case of horizontal FDI, more
openness induces less investments. In the case of vertical FDI, the opposite
correlation is expected. Considering the importance of vertical investment
towards developing countries that occurs from the 1990’s onward, we include
as a measure of trade openness the log of the trade (imports + exports) with
OECD countries in percentage of the 1990 GDP. However more trade could
not only be an indicator of vertical FDI, but also an indicator of openess
(related to the country size), competitiveness and therefore attractiveness of
the country. Open economies are likely to be more attractive for FDI since
transnational corporations can reap economies of scale and scope, even in
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countries where the market size is small. That could be one of the reasons
why in the latest years developing countries increased their participation in
regional integration scheme.

We will also introduce a dummy variable to underline that high income
countries are more attractive for capital investments.

General model Table 3 gives the results for our general specification. Five al-
ternative models are distinguished. Since heteroskedasticity can be important
across countries, the standard errors for the coefficients are based on White’s
heteroskedasticity-consistent covariance matrix.

The main results can be summarized as follows:

Convergence speed In every specification, the estimated coefficient of the
lagged dependent is highly significant and very stable. We find a convergence
speed of about 4% per year.

Market size A potentially important determinant of FDI is the market size.
Since our dependent variable is capital per worker, the size of the market is

Table 3 Cross-section—general specification Dependent variable = Growth rate of FDI-funded
capital stock per worker

Model 1 Model 2 Model 3 Model 4 Model 5

FDI-funded capital in 1990 in logs −0.040 −0.040 −0.042 −0.042 −0.041
(3.58)*** (4.23)*** (4.15)*** (4.21)*** (4.06)***

Labor force growth rate −0.064 −0.016 −0.005 −0.043 −0.022
(0.37) (0.09) (0.02) (0.24) (0.12)

Total migration stock in 1990 in logs 0.021 0.013 0.015 0.017 −
(1.90)* (2.04)** (2.11)** (2.51)** −

Share of skilled migrants in 1990 0.207 0.179 0.291 0.174 −
(2.27)** (2.10)** (2.58)** (2.04)** −

Skilled migration stock in 1990 in logs − − − − 0.019
− − − − (2.52)**

High income dummy 0.097 0.083 0.031 0.090 0.088
(2.77)*** (2.16)** (−0.68) (2.33)** (2.29)**

Working-aged pop. in 1990 in logs −0.008 − − − −
(0.66) − − − −

Democracy score − 0.077 0.115 0.082 0.077
− (1.72)* (2.41)** (1.95)* (1.74)*

Trade in 1990 in logs − − 0.036 0.034 0.036
− − (2.07)** (2.13)** (2.27)**

Distance to USA in logs − − −0.011 −
− − (0.48) − −

Distance to EU15 in logs − − −0.040 − −
− − (1.55) − −

Constant 0.162 0.076 0.344 −0.040 0.013
(0.88) (0.63) (1.06) (0.34) (0.13)

Observations 114 113 96 109 109
R-squared 0.50 0.50 0.57 0.53 0.52

Robust t statistics in parentheses
*Significant at 10%; **Significant at 5%; ***Significant at 1%
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neutralized on the left hand-side. Anyway, under increasing returns (which
can be related to fixed setup costs), the market size may positively affect the
capital stock per worker. In model 1, we control for the log of the working-aged
population in 1990 as a proxy to the market size. This variable is not significant.
Similar results were obtained with log of the total population (regression not
reported). We did not consider the log of the GDP because of endogeneity
problems. There is no evidence of additional market size effect on the right
hand-side. The estimated coefficient of the growth rate of the labor force is
negative (as expected) but statistically not significant. In separate regressions,
to avoid multicollinearity problems, we ran regressions considering the rate
of growth of the labor force by skill level: in all cases, this variable is never
significant.

Structure of the labor force The structure of the labor force is potentially
important in predicting FDI inflows. As argued in Section 2, the proportion
of high-skill workers has a positive effect on labor productivity. Nevertheless,
part of the production process in countries endowed in unskilled labor when
the cost of labor is low. We obtain evidence that the average level of schooling
has a positive effect on FDI inflows. However, including the share of high-skill
workers causes serious problems of stability given the strong multicollinearity
with many variables such as the lagged capital stock per worker. By adding a
dummy for high-income countries, we capture the strong attractiveness of hu-
man capital. The coefficients are very stable across samples and specifications.
The coefficient for this dummy is positive and generally significant.

Country openness As trade costs and various types of trade barriers are
crucial in explaining the pattern of FDI, we introduce the distance with the
most important countries and trade in model 3. The estimated coefficients for
distance are negative, but statistically not significant. This can be due to the fact
that our study focuses on total FDI inflows rather than on bilateral exchanges.
On the contrary, the estimated coefficient of trade openness is positive and
statistically significant.

Political climate In models 2 to 5, we control for democracy as a potential
determinant. The estimated coefficient is positive (between 0.077 and 0.115)
and statistically significant at 5 or 10%. This measure serves as our proxy for
the domestic investment environment, assuming that a stable macroeconomic
environment generates more investment. In separate regressions, we consid-
ered also a variable measuring the size of the informal market. The estimated
coefficient was negative sign but it was never significant. Similarly, political
instability coefficients were not statistically significant.

Network effects The estimated coefficients of the log of the stock of total
expatriates and of the share of high skilled migrants are always positive and
highly significant. The migration stock is the only significant variable capturing
the size of the country. However, given the discussion about the market size,
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we have strong reasons to believe that such an effect is related to diaspora
rather than to market size. For example, in model 1, we consider both the
size of the labor force and the stock of expatriates. We obtain a positive
diaspora effect despite a strong correlation (0.68) between the network size
and the labor force (which turns out to be insignificant). In further regressions,
by excluding the labor force and reducing the risk of multicollinearity, the
diaspora effect becomes very significant. The proportion of skilled migrants
is also an important factor of business externality. Our results reveal that
business networks are mostly driven by skilled migration. In model 5, we
impose diaspora effect to transit through skilled workers. The short-run elas-
ticity of capital per worker to skilled migration amounts to 1.9%. The long-
run elasticity amounts to 46% (0.019/0.041). A 10 percentage point rise in the
number of migrants increases the stock of capital per worker by 0.2% after one
period, and by 4.6% in the long-run.

In the rest of this section, we compare the network effects on FDI-funded
capital and on the total capital stock per worker.

Business network and total investment For the matter of comparison, we
apply our general β-convergence model to the total stock of physical capital
per worker (an alternative measure of ki,t) rather than to the FDI-funded
capital stock per worker. Such an analysis allows us to confirm the existence of
diaspora effect at the global level (the FDI-funded capital stock is a component
of the total capital stock) or to highlight some compensating effect due, for
example, to a joint increase in FDI inflows and outflows.

Basically, we use the same specifications as in Table 3. Table 4 describes the
results.

Four interesting results are emerging.

Lower convergence speed A first remarkable result is that we obtain a much
slower convergence speed (1.7% a year instead of 4%) for the total capital
stock. Over the period 1990–2000, it seems that FDI movements have been
much more rapid than local investments. This can be explained either by the
general trend of increasing exchanges between countries (globalization) or by
stronger imperfections in capital adjustment.

Imperfections matter Although globalization is an undeniable phenomenon
affecting the openness of the world countries, imperfections on the local mar-
ket for capital seem to be stronger. Indeed, the growth rate of the population
has a negative effect the growth rate of capital per worker, indicating that the
total stock of capital adjusts more slowly to demographic changes. We did not
find evidence of such an effect with FDI-funded capital.

Less sensitivity to trade and political regime We also note that the impact of
the democracy index and of trade are also divided by 3 compared to Table 3.
The total stock of capital per workers is less sensitive to the economic and
political environment.
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Table 4 Cross-section—general specification Dependent variable = Growth rate of the total
capital stock per worker

Model 1 Model 2 Model 3 Model 4

Capital stock per worker in 1990 in logs −0.015 −0.017 −0.017 −0.017
(2.38)** (2.58)** (2.41)** (2.30)**

Labor force growth rate −0.088 −0.072 −0.084 −0.081
(3.41)*** (2.52)** (2.80)*** (2.70)***

Total migration stock in 1990 in logs 0.008 0.006 0.008 −
(2.60)** (1.87)* (2.64)*** −

Share of skilled migrants in 1990 0.072 0.063 0.055 −
(3.04)*** (2.38)** (1.91)* −

Skilled migration stock in 1990 in logs − − − 0.009
− − − (2.62)**

High income dummy 0.029 0.024 0.022 0.021
(2.12)** (1.52) (1.4) (1.35)

Working-aged pop. in 1990 in logs −0.007 −0.005 −0.005 −0.005
(2.68)*** (1.76)* (1.45) (1.34)

Democracy score − 0.034 0.032 0.033
− (2.49)** (2.87)*** (3.01)***

Trade in 1990 in logs − − 0.010 0.011
− − (2.21)** (2.40)**

Constant 0.196 0.178 0.134 0.151
(2.97)*** (2.65)*** (1.60) (1.64)

Observations 103 101 95 95
R-squared 0.36 0.41 0.50 0.48

Robust t statistics in parentheses
*Significant at 10%; **Significant at 5%; ***Significant at 1%

Smaller diaspora externalities in the short-run Finally, the network effects are
smaller although significant. Compared to Table 3, the estimates are divided
by 3. This can reflect (i) the fact that the FDI-funded capital stock remains
a small fraction of the total capital stock, or (ii) a general tendency towards
increased specialization and exchanges between countries. Inflows can be
partly compensated by outflows. However, the long-run elasticity (50%) is
comparable to the one obtained for the FDI-funded capital stock.

6 Panel data analysis

In a cross-section setting, the standard ordinary least square estimator with
heteroskedasticity consistent standard errors gives short-run and long-run
elasticities of the FDI-funded capital stock per worker to the stock of skilled
emigrants equal to 1.9 and 46%, respectively. These cross-section results can
be biased and inconsistent given the dynamic nature of the growth equation
and the bias of omitted variables. In order to obtain more accurate results, we
extend our analysis in a panel setting using a more sophisticated econometric
method which accounts for the possible endogeneity of explanatory variables
and unobserved heterogeneity. As mentioned above, the quality of the panel
data on migration is lower on a large time period. Our objective is to confirm
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the existence of business network externalities when a robust econometric
technique is applied.

There is a large debate about the most accurate methodology to estimate
growth equations (see Islam 1995, 2003; Caselli et al. 1996; Barghava and
Sargan 1983; Barghava et al. 2001). Here, we use a GMM system estimator
for dynamic panel data model. This technique exploits both the cross-sectional
and the time dimension of the data. It accounts for unobserved fixed effects.
It controls for the potential endogeneity of all the explanatory variables and
allows for the inclusion of the lagged dependent variable.

Econometric methodology Let us briefly present the technique used. Con-
sider the simplified version of the regression Eq. 1 in which all explanatory
variables (except the lagged dependent) are grouped:

ln

(
ki,t

ki,t−1

)
= a0 + a1. ln(ki,t−1) + β

′
Xi,t + ηi + εi,t

where Xit represents the set of the explanatory variables other than the lagged
dependent, ηi represents the unobserved country-specific fixed effect, εit is the
error term.

This equation can be re-written in the standard dynamic panel form

ln(ki,t) = a0 + (1 + a1). ln(ki,t−1) + β
′
Xi,t + ηi + εi,t (2)

A general approach to estimate such an equation is to use a transformation
that removes unobserved effects and that uses for instrumental variables.
Anderson and Hsiao (1982) propose to work with first differences and then
to search for instruments. They proposed for the lagged dependent either the
two period lagged difference or the two period lagged level of the dependent
variable. A generalization of that method was proposed by Arellano and Bond
(1991). They suggest using the entire set of instruments in a GMM procedure
to reach significant efficiency gains.

Differentiating Eq. 2 yields

ln(ki,t) − ln(ki,t−1) = (1 + a1).
[
ln(ki,t−1) − ln(ki,t−2)

]
+ β

′
(Xit − Xit−1) + (εit − εit−1)

in which the unobserved country fixed effect is eliminated.
By construction the error term (εit − εit−1) is correlated with the lagged

dependent in first differences
[
ln(ki,t−1) − ln(ki,t−2)

]
. Hence, instrumental vari-

ables are required to deal with both the potential endogeneity of all the
explanatory variables and the bias due to the presence of the lagged dependent
among the regressors. In the Arellano-Bond method, the first-difference of
the explanatory variables are instrumented by the lagged values of the ex-
planatory variables in levels. Under the assumptions that the error term is not
serially correlated and that the explanatory variables are weakly exogenous
or predetermined (i.e. the explanatory variables are not correlated with future
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realizations of the error term), the following moment conditions are applied
for the first difference equations:

E
[
ln(ki,t−s). (εit − εit−1)

] = 0 f or s ≥ 2; t = 3, ...., T

E
[
Xit−s. (εit − εit−1)

] = 0 f or s ≥ 2; t = 3, ...., T

The problem with this method is that taking first differences of the level
equation, explanatory variables which are constant over time cannot be taken
into account. Moreover, as Bond et al. (2001) point out, when time series are
persistent, the first-difference GMM estimator can behave poorly: estimates
can be seriously biased. To overcome these problems Bond et al. (2001) suggest
to use a more informative set of instruments within the framework developed
by Arellano and Bover (1995) and Blundell and Bond (1998). We use this
new estimator that combines the regression in differences with the regression
in levels in a single system. The instruments used in the first differentiated
equation are the same as above, but the instruments for the equation in level
are the lagged differences of the corresponding variables.

For the level equation the following moments condition are to be satisfied:

E
[(

ln(ki,t−s) − ln(ki,t−s−1)
)
(ηi + εit)

] = 0 f or s = 1

E
[
(Xit−s − Xit−s−1) (ηi + εit)

] = 0 f or s = 1

The validity of the instruments can be tested using a Sargan-Hansen overi-
dentification test (that is a specification test) and a test on the serial correlation
of the error term (see Arellano and Bond 1991; Arellano and Bover 1995;
Blundell and Bond 1998; Bond et al. 2001).4

Empirical results The period of analysis is divided into 4 sub periods of 5 year
each (1980–85, 1985–90, 1990–95, 1995–00). We have 83 countries for a total of
332 observations in a balanced panel data set. One of the most difficult issue
to apply the above dynamic panel technique is to identify the nature of the
explanatory variables (they can be endogenous, exogenous, weakly exogenous
or predetermined).5 We tried several specifications considering the value of the
Hansen test and the serial correlation test. At the end, we consider the time

4In our analysis we use the command xtabond2 implemented in STATA. We used the robust
two-step variant. We know that, though asymptotically more efficient, the two-step estimates can
be downward biased. But xtabond2 makes available a finite-sample correction to the two-step
covariance matrix derived by Windmeijer. STATA guide suggests this variant for system GMM
estimator, because more efficient. However, we tried all the regressions using only the robust one-
step variant. The main results of interest did not change very much.
5For the exogenous variables they enter as their own instruments in the regressions, two periods
and earlier lagged values of endogenous variables, one period and earlier lagged values of
predetermined or weakly exogenous variables can be used as instruments.
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dummies and the high income dummy as exogenous variables; all the other
time-varying explanatory variables are considered as predetermined (we used
their one lagged and earlier values as instruments).

Starting from the best cross-section specification (models 4 and 5 in Table 3),
Table 5 gives the results of the panel regressions. We have added interaction
terms between high income dummy, democracy and trade. Doing this, we
can better understand the different effects that these two variables can have
according to the different types of FDI (vertical or horizontal).

Table 5 Panel—general specification Dependent variable = Growth rate of the FDI-funded
capital stock per worker

Model 1 Model 2 Model 3 Model 4

Initial FDI-funded capital in logs −0.026 −0.032 −0.027 −0.033
(4.04)*** (3.34)*** (3.96)*** (3.08)***

High income dummy −0.309 − −0.15 −
(1.22) − (0.56) −

Initial GDP per capita in logs − 0.024 − 0.021
− (1.07) − (0.75)

Labor force growth rate 0.007 0.064 −0.035 0.005
(0.03) (0.29) (0.15) (0.02)

Total lagged migration stock in logs 0.031 0.025 − −
(2.19)** (1.72)* − −

Lagged share of skilled migrants 0.26 0.22 − −
(2.32)** (1.97)* − −

Skilled lagged migration stock in logs − − 0.029 0.025
− − (2.21)** (1.80)*

Democracy score (lagged) −0.151 −0.156 −0.181 −0.179
(1.93)* (2.04)** (2.18)** (2.27)**

Democracy score (lagged) × high income dummy 0.457 0.181 0.382 0.232
(2.24)** (2.10)** (1.78)* (2.43)**

Lagged trade in logs 0.059 0.05 0.07 0.068
(2.43)** (2.44)** (2.74)*** (2.75)***

Lagged trade in logs × high income dummy 0.004 −0.03 −0.028 −0.046
(0.1) (1.27) (0.68) (1.84)*

d90 0.024 0.027 0.034 0.036
(1.26) (2.12)** (1.98)* (2.65)***

d95 0.06 0.061 0.073 0.076
(2.01)** (2.48)** (2.32)** (2.72)***

d00 0.055 0.063 0.073 0.082
(2.84)*** (3.45)*** (4.02)*** (5.23)***

Constant −0.355 −0.399 −0.216 −0.291
(1.86)* (42.69)*** (1.47) (2.34)**

Observations 332 332 332 332
Number of countries 83 83 83 83
Hansen test- Prob > chi2 0.305 0.512 0.105 0.225
Arelllano-Bond test for AR(1) in first 0.081 0.083 0.081 0.082

differences- Pr > z
Arelllano-Bond test for AR(2) in first 0.385 0.413 0.392 0.411

differences- Pr > z

Note: System GMM, Robust two-step; t-statistic in parenthesis
*Significant at 10%; **Significant at 5%; ***Significant at 1%
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The main results can be summarized as follows:

Convergence speed In every specification, the estimated coefficient of the
lagged dependent variables is highly significant. We find a slower convergence
speed than in the cross section analysis (about 3% per year instead of 4%). A
possible explanation is that OLS estimates are biased upwards since the lagged
dependent variable captures country-specific effects. Here it is instrumented.

Market size, structure of the labour force and attractiveness of the country
Working on the capital per worker, the size of the market is implictly neutral-
ized on the left-hand side. As in the cross-section, the effect of the growth rate
of the labour force is not statistically significant. As we can control for endo-
geneity, we use an alternative measure of the market size, the log of GDP per
capita: the coefficient associated to that variable is positive but not statistically
significant. This variable is very correlated with the lagged dependent and with
interaction terms (for high income dummy and its interactions with democracy
and trade openness, the correlations respectively amount to 0.7166, 0.7115 and
0.7769).6 Also the high income dummy alone is not statistically significant and
it has not the right sign; it is very correlated with its interaction terms.

Country openness The estimated coefficient of trade openness is positive and
statistically significant (indicator of vertical FDI and attractiveness of the coun-
try). The interaction with the high income dummy is almost always negative
(indicator of horizontal FDI), but in general not statistically significant. One of
the possible explanations can be that our model better refers to vertical FDI
and captures the exchanges between developed and developing countries.

Political climate We have two variables that indicates the political climate.
Democracy and its interaction with the high income dummy. The estimated
coefficients are in general statistically significant at 5 or 10%. The sign is
positive for the interaction term (in general, high income countries are more
democratic) and a negative sign for the overall effect. On the aggregate,
stronger FDI growth rates have been observed in the developing (less demo-
cratic) countries.

Network effects The estimated coefficient of the log of the stock of the total
number of expatriates and of the share of high skilled workers are positive
and statistically significant. The magnitude of the coefficient, at least for the
log of the total stock of migrants, is in general higher than in the cross-section
analysis (2.5 to 3%, instead of 2%). Also the log of the high skilled is positive

6We prefer the model with the High Income dummy to the model with GDP per capita since GDP
per capita exhibit a strong correlation with other regressors. Hence, standard errors can be inflated.
Moreover, the two-step estimated covariance matrix of moment conditions was singular in model
2. The number of instruments may be large relative to the number of groups. A generalized inverse
must be used to calculate optimal weighting matrix in the two-step estimation.
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Table 6 Panel—Specification with time interaction terms Dependent variable = Growth rate of
the FDI-funded capital stock per worker

Model 1 Model 2 Model 3 Model 4

Initial FDI-funded capital in logs −0.025 −0.026 −0.027 −0.027
(3.37)*** (3.94)*** (4.03)*** (4.10)***

High income dummy −0.406 −0.343 −0.174 −0.184
(1.56) (1.33) (0.61) (0.71)

Labor force growth rate 0.040 −0.007 0.004 −0.042
(0.17) (0.03) (0.02) (0.18)

Total lagged migration stock in logs 0.026 0.027 − −
(1.94)* (2.13)** − −

Lagged share of skilled migrants 0.221 0.248 − −
(1.86)* (2.25)** − −

Total lagged migration stock in logs × d90 −0.003 0.002 − −
(0.24) (1.72)* − −

Total lagged migration stock in logs × d95 0.015 0.006 − −
(1.5) (2.30)** − −

Total lagged migration stock in logs × d00 0.013 0.005 − −
(1.92)* (3.32)*** − −

Skilled lagged migration stock in logs − − 0.021 0.023
− − (1.65) (1.85)*

Skilled lagged migration stock in logs × d90 − − −0.001 0.004
− − (0.1) (2.47)**

Skilled lagged migration stock in logs × d95 − − 0.017 0.008
− − (1.38) (2.39)**

Skilled lagged migration stock in logs × d00 − − 0.012 0.008
− − (1.28) (4.38)***

Democracy score (lagged) −0.131 −0.151 −0.151 −0.182
(1.97)* (2.00)** (2.15)** (2.25)**

Democracy score (lagged) × high income dummy 0.487 0.476 0.368 0.409
(2.37)** (2.28)** (1.69)* (1.95)*

Lagged trade in logs 0.058 0.059 0.068 0.071
(2.29)** (2.39)** (2.37)** (2.77)***

Lagged trade in logs × high income dummy 0.026 0.01 −0.015 −0.022
(0.61) (0.26) (0.34) (0.55)

d90 0.059 − 0.047 −
(0.36) − (0.32) −

d95 −0.110 − −0.096 −
(0.97) − (0.83) −

d00 −0.098 − −0.048 −
(1.16) − (0.48) −

Constant −0.296 −0.316 −0.15 −0.162
(1.68)* (1.74)* (1.04) (1.16)

Observations 332 332 332 332
Number of countries 83 83 83 83
Hansen test- Prob > chi2 0.379 0.28 0.193 0.075
Arel-Bond test for AR(1) in first differences- Pr > z 0.081 0.079 0.08 0.078
Arel-Bond test for AR(2) in first differences- Pr > z 0.372 0.381 0.375 0.394
Interaction terms (P-value) 0.0103 0.005

Note: System GMM, Robust two-step; t-statistic in parenthesis
*Significant at 10%

and statistically significant. In model 4, the short-run and long-run elasticities
of the FDI-funded capital stock to skilled migration amount to 3.3 and 75%,
respectively. A 10 percentage point rise in the number of migrants increases
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the stock of capital per worker by 0.3% after one period, and by 7.5% in the
long-run. This conforts the results of the cross-section analysis.

Time dummies We include in each regression the year time dummies to allow
for aggregate time effects that have the same influence on the dependent
variable for all countries. Time dummies are positive and in general statistically
significant.

Time stability of diaspora externalities We added time dummies in each
regression to capture aggregate time effects (a change in the constant over
time) that seem to play an important role in explaining the data. It is worth
investigating whether the magnitude of network externalities has increased
over time. In Table 6, we allow also for interactions between migration stocks
and the time dummies.7 We started the analysis considering the general case
with time dummies and interaction terms. Since the time dummies were not
significant (and the interaction terms too), we then ran the regressions without
considering separated time dummies.8 In that case, interaction terms become
statistically significant (see both the individual t-statistic and the F-test for the
joint significance). It suggests that the diaspora externality increased in the
nineties.

7 Conclusion

In this paper, we estimate a dynamic empirical model of FDI-funded capital
accumulation. In a cross-section model focusing on the period 1990–2000, our
sample of 114 countries reveals the existence of strong network effects, mainly
associated to the skilled diaspora. In a panel extension with 83 countries and 4
periods of 5 years, we confirm the existence of business network externalities.
Ceteris paribus, the short-run elasticity of the FDI-funded capital stock to
skilled migration is between 2 and 3% while the long-run elasticity is between
50 and 75%.

Our empirical analysis confirms that diaspora externalities constitute an
important channel through which the brain drain positively affects sending
countries. Even when the brain drain depresses the average level of schooling,
it is likely to increase FDI inflows. The size of the diaspora matters. Business
externalities are likely to be stronger in large countries. The positive effect of
their diaspora on FDI reinforces the potentially beneficial effect that migration

7Instead of using the lagged value of the interaction terms, we separately use as instruments the
time dummies and the lagged migration stocks (in logs).
8The significance of the interaction variables may simply reflect omitted variables and specification
errors, so in this case it can only mean that we don’t have omitted variables and specification
problems and not that the impact on migration on FDI growth has been stable over time.
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prospects induce on human capital formation. On the contrary, small countries
are less likely to benefit from skilled migration both in terms of human capital
(as demonstrated in the new brain drain literature) and physical capital.
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