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Abstract

We study the growth effects of outward oriented economies by using stochastic frontier analysis
to measure the efficiency externalities of three forms of economic cross-border activities —
international trade, FDI and migration — for OECD countries. The study also examines whether
the efficiency of these cross border activities is affected by the level of human capital in the host
country. We find that international trade and FDI are important channels for improving
efficiency, as is human capital accumulation, and that the positive effects of international trade,
FDI, and migration depend crucially on the level of accumulated human capital. Our results
show that the impact of human capital is important for increasing efficiency via international
trade flows and FDI flows, while immigration into countries that are richer in human capital
enhances their efficiency relatively more than immigration into countries with lower human
capital. These results remain robust to alternate measures of human capital, controls on education
levels among immigrants, and to a nonparametric estimation of the model.
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“ ‘Globalization’ can mean something different to each of us, so let me specify what I have in mind:
the increasing integration of economies in the world, particularly through the international flow of
goods, services, and capital—and, increasingly, people (labor) and knowledge (technology and
information).”

— Speech given by Saleh M. Nsouli, International Monetary Fund, July 2008

1. Introduction

As governments lowered their policy barriers to foreign countries in the 1980s and 1990s,
the pace of globalization increased rapidly during this period. The World Bank (2008) defines
economic globalization as the rapid rise in the sharing of economic activities in the world
between people of different countries. This suggests that these cross-border economic activities
can be placed into three broad groups: (i) the cross-border exchange of goods and services via
international trade, (ii) the establishment and operation of a firm in the foreign country by
residents of the host country via foreign direct investment, and (iii) labor services offered by
residents of the host country to residents of the foreign country via labor migration. Evidence
that goods, capital and labor services have become increasingly globalized is seen in the
following facts: the value of trade (goods and services) as a percentage of world GDP has
increased from 42.1 percent in 1980 to 62.1 percent in 2007; foreign direct investment has
increased from 6.5 percent of world GDP in 1980 to 31.8 percent in 2006; and the number of
foreign workers has increased from 78 million people (2.4 percent of the world population) in
1965 to 191 million people (3.0 percent of the world population) in 2005 (IMF, 2008).

This has led to a contentious debate on whether countries that are increasingly
economically integrated with the rest of the world have seen an increase in economic growth.
Consequently, there have been a vast number of empirical studies focusing on the impact that
relatively more outward oriented economies have on economic growth and productivity. Studies

of outward oriented activities include all three forms of cross-border activities; international



trade (Frankel and Romer, 1999; Irwin and Tervio, 2002; Edwards, 1998 and Lee, Ricci and
Rigobon, 2004); foreign direct investment (Borensztein et al, 1998; Alfaro et al, 2003;
Balasubramanyam et al, 1996) and migration (Dolado et al, 1994; Lundborg and Sergestrom,
2002; Ortega and Peri, 2009; Morley, 2006).

When examining this issue, most empirical studies use a cross-country regression
framework on a sample of developed and developing countries. Apart from the basic factors of
production such as labor and capital, growth accounting regressions look for additional
determinants that can explain growth. This leads to a regression treating all determinants of
output growth as inputs which is conceptually incorrect since many included determinants may
only indirectly affect output (Miller and Upadhaya, 2000). However, output growth is typically
explained as the accumulation of factor inputs and the growth of total factor productivity. Hence
we could have the additional determinants of output growth (beyond the factor inputs) affecting
the efficiency of real inputs, physical capital and labor, and thus directly affecting factor
productivity. Productivity growth, in general, comprises of two mutually exclusive parts,
technological change and efficiency change, and stochastic frontier analysis (SFA) allows us to
distinguish between the two. A SFA framework allows us to see whether the effect of cross-
border activities on productivity growth occurs via technology change or efficiency. We can
then quantify the impact of cross-border activities on efficiency levels and make inferences about
the contributions of these cross-border activities in affecting efficiency.

This can be further understood by viewing output growth from the perspective of a
production possibilities frontier where countries can be operating either on or within the frontier,
with the distance from the frontier reflecting inefficiency. Over time, a country’s frontier can

shift, indicating technological change, or a country can move towards or away from the frontier,



which represents efficiency changes. Moreover, a country can move along the frontier by
changing inputs. So productivity growth can be seen as being made up of three components:
efficiency change, technology change and input change with the first two components being the
“productivity change” (Koop et al 2000a).

The purpose of this study is to re-examine the growth effects of outward oriented
economies by using a stochastic frontier model to measure the efficiency externalities of all three
forms of cross-border economic activities associated with globalization. There have been a
limited number of macroeconomic empirical studies which have used SFA to examine the
impact of either trade, or foreign direct investment, or both on productivity. Kneller and Stevens
(2006) use SFA to to study the efficiency effects of human capital and R&D undertaken by an
industry on technological efficiency for a sample of OECD industries at the industry level from
1973-1981. They find that human capital affects a country’s efficiency while R&D has an
insignificant effect on efficiency. Iyer et al (2008) use SFA to study OECD countries from
1982-2000 and find that trade and FDI inflows increase efficiency whilst FDI outflows increase
inefficiency.' The SFA framework is also used by Mastromarco and Ghosh (2009) who
examine the efficiency effects of FDI and human capital for developing countries from 1981-
2000 and find that FDI, imported capital goods, and imported R&D are important channels for
improving efficiency, as is human capital accumulation. Finally, a recent paper by Wijeweera et
al (2010) looks at FDI flows for 45 countries from 1997 to 2004 and finds that FDI inflows have

a positive impact on economic growth in the presence of a highly skilled labour force. However,

" The present study which is the closest to Iyer et al. (2008) still differs with it in a number of important ways. First,
the present study emphasizes the effects of migration on technical efficiency, though it takes into account the role of
all other outward activities and absorptive capacity proxied by human capital. Second, while Iyer et al. (2008) stress
the difference between inward and outward FDI and the relative size of R&D knowledge spillovers, the present
study highlights the effect of migration on efficiency spillovers through the human capital channel in the host
country. Third, this study has larger country coverage, 24 OECD countries, and a more recent the period coverage
from 1993-2004.



they find that a country cannot improve its efficiency without a skilled labor force. By not
including all the cross-border activities in explaining the efficiency externalities of openness the
robustness of the results obtained in the earlier studies can be called into question. The positive
effect of one or more openness channels on efficiency may depend on correlated omitted
variables. This issue is particular important when the purpose is to assess the effect of openness
on a country’s productivity.

This study contributes to the earlier existing literature on the impact of increased economic
globalization on growth by including economic activities across countries in the goods market,
capital market and labor market and thus is a comprehensive approach to study outwardly
oriented economies. Additionally, to the best of our knowledge, this is the first cross-country
study to examine the efficiency impact of immigration on total factor productivity. If all
channels of outward orientation are not included then there can be a bias in the estimation of the
growth impact of the channels included, or an underestimation of the growth effects of outward
orientation in general (Hejazi and Safarian, 1999). None of the previous studies that use a SFA
framework consider openness in the labor market. Dumont et al (2010) reports that 68 percent of
all migrants in the OECD database, DIOC-E, live in OECD countries.’ Immigration, therefore,
can potentially be an important source of productivity gains in OECD countries and excluding
this measure could bias results since FDI and trade, the two measures typically used in the
literature, can be correlated with migration. To understand this better, consider the example in
Figure 1. It compares the output of two production units, country A and country B, as a function
of labor, L. Given the same production technology, the higher output in country A compared to

country B can occur for four possible reasons. First, this difference can be due to differences in

2 OECD’s database DIOC-E (release 2.0) covers 89 destination countries for migrants, of which 61 are outside the
OECD area. It includes information on 110 million migrants aged 15 and over. This represents around 72% of the
estimated number of international migrants worldwide.



input levels, as is the case in panel I. Second, technology acquisition may differ between
production units or countries, with the consequence that for the same level of inputs different
outputs result, as in panel II. Third, it might be that country B produces less efficiently than
country A. In other words, both production units have the same frontier and the same input level,
but output in B is lower (see panel III). Fourth, differences could be due to some combination of
the three causes. In our specification, foreign direct investments and trade can affect the
country’s output as efficiency factors, whereas immigration can affect the country’s output
through two different channels: first, as a production factor (included in the labor force) and,
second, as the efficiency factor.

Moreover, this study contributes to the literature by including human capital into the
stochastic frontier model which can reveal how human capital stock in host countries impacts the
efficiency levels affected by each of the three cross-border activities. We thus acknowledge the
endogenous growth models of Lucas (1988) and Romer (1990) that use a theoretical framework
where persistent economic growth is conditional on the accumulation of human capital.” The
level of human capital determines how well an economy absorbs the transfer of knowledge and
technology that occurs through international trade, FDI flows, or migration. This has particular
relevance for the immigration channel of outward orientation since immigrants can contribute to
the host country’s human capital base by bringing their own skills to the host country and by
influencing the natives’ knowledge accumulation. Thus, they can potentially impact total factor
productivity via its impact on the host country’s human capital. Also, by including human capital
into the empirical framework we can ensure that efficiency changes due to human capital are not

interpreted as changes arising from trade, FDI, or migration. Thus we estimate a stochastic

* Empirical studies by Benhabib and Spiegal (1994), Dinopoulos and Thompson (2000) and Bils and Kelnow
(2000), which incorporate the suggestion of endogenous growth models that human capital is a factor influencing
productivity growth, find its impact to be significant.



production frontier for 24 Organization for Economic Development and Co-operation (OECD)
countries for the period 1993-2004 to determine how total factor productivity can increase
through international trade, foreign direct investment, and immigration. We limit our work to
studying OECD countries because the stochastic frontier model assumes a common production
technology frontier for all countries in the sample, and pooling developed and nondeveloped
countries together would be erroneous conceptually. We also apply a non-parametric technique
exploiting more recent methods for Data Envelopment Analysis proposed by Simar and Wilson
(2007) to check the robustness of our results using SFA.

We find two important results in our study. First, we find that international trade and FDI
are important channels for improving efficiency, as is human capital accumulation. However, as
expected, migration measured as the number of immigrants, increases inefficiency because this is
equivalent to producing the same output by a large number of people. It is therefore important to
consider whether immigrants bring enough human capital along with them. For this purpose, we
insert a quality-adjusted measure of migrants by interacting the number of migrants with the
human capital variables. In doing so we assume that the share of migrants with secondary (or
tertiary) education is equal to that of the resident population. Second, we find that the effects of
international trade, FDI, and migration on efficiency depend crucially on the level of
accumulated human capital in a country. Our results show that in order to increase efficiency via
FDI activities, OECD countries need a labor force with tertiary education levels, whereas to
increase efficiency via international trade activities, OECD countries need a labor force with
secondary education levels. More importantly, we find that immigration to countries that are
richer in human capital enhances efficiency relatively more when compared to immigration into

countries with lower human capital. We find that our results remain robust to different measures



of human capital, controls on education levels among immigrants, and to nonparametric
estimation of the model.

The remainder of the paper is organized as follows. In section 2, we discuss the linkages
between the three cross-border activities, human capital and productivity. We then construct the
empirical model in section 3 and discuss the data in section 4. In section 5, we discuss the

empirical results. We conclude in section 6.

2. Linkages between Cross-Border Activities, Productivity and Human Capital

Increases in total factor productivity occur through at least three cross border economic
activities — international trade, FDI and migration. Additionally, there is ample evidence in the
literature, both theoretical and empirical, that human capital matters in increases in total factor
productivity. * In this section we briefly review the literature on the nexus between each of the
cross-border activities (international trade, FDI, immigration), human capital, and productivity.
International trade, human capital and productivity

The benefits accruing to countries that trade more are seen in the higher rates of
technological progress which can result from both access to a larger international market that
provides technological spillover effects and higher profits to innovators, and the economies of
scale in research and development (Grossman and Helpman (1990, 1991; Krugman, 1990;
Rivera-Batiz and Romer, 1991). Typically, the measure of international trade is the ratio of
exports and imports relative to GDP. For example, Romer (1992) and Barro and Sala-i-Martin
(1995) argue that a more open economy leads to more efficient techniques of production and

better access to investment goods. This leads to faster productivity growth and, hence, higher

* Growth economists have done extensive work on the role of human capital in the process of economic growth and
research points towards the fact that various measures of mean years of schooling are correlated with growth rates in
productivity (e.g. Barro, 2001; Barro and Sala-i-Martin, 1995; Benhabib and Spiegal, 1994; O’Neil, 1995).



real per capita income. Some of the early empirical studies that provide evidence for the
argument that trade openness promotes productivity through technology are Coe and Helpman
(1995), Coe et al (1997) and Keller (1998), where imports are considered to be a means of
introducing foreign technology into domestic production and raising total factor productivity.
They show that countries that have imported more machinery and equipment from world
technology leaders have seen faster growth in total factor productivity. Empirical studies by
Alcalé and Ciccone (2004), Frankel and Romer (1999), and Irwin and Tervio, (2002) examine
the relationship between openness and productivity using cross-country data and find that higher
trade share increases productivity.

How does human capital affect productivity through its interactions with international
trade? Grossman and Helpman (1991) suggest that increased trade orientation can interact with
human capital resulting in higher economic growth. Theoretically, trade can increase on-the-job
human capital accumulation by transferring technology from the technologically more advanced
economies to the less advanced economies. This can both increase the knowledge of workers
and lead to an increase in the wages of skilled workers relative to unskilled workers which
induces workers to invest more in human capital (Hall and Jones, 1999; Goh and Oliver, 2002).
However, Stokey (1991) and Young (1991) show that, theoretically, openness can also decrease
on-the-job human capital accumulation if trade causes countries to import high-quality goods
rather than produce them. Domeland (2007) empirically provides evidence that trade increases
on-the-job human capital accumulation as measured by the U.S. returns to home country
experience of U.S. immigrants from different source countries. Miller and Upadhyay (2000) find
that the negative effect of human capital on the total factor productivity of low-income countries

changes to a positive effect as a country moves from a lower to a higher level of openness.



Foreign direct investment, human capital and productivity

Foreign direct investment (FDI) leads to increases in productivity by spurring
competition and transferring technology. New foreign competition arrivals provide domestic
firms an incentive to use existing resources more efficiently which increases their productivity.
Consequently, foreign firms have to invest even more in order to keep up with their
technological advantage (Glass and Saggi, 1998). FDI can also increase productivity through the
transfer of technology. This occurs with the adoption of new technology brought by foreign
multinational companies, imports of high-technology inputs, and the skills acquired by the local
labor force as they are educated and trained by the foreign firms. Using these arguments,
Borensztein et al (1998), De Mello (1999) and Xu (2000) conclude that FDI increases an
economy’s productive efficiency. Javorcik (2004) argues that FDI can also raise productivity
growth through vertical spillovers rather than horizontal spillovers.’

For multi-national corporations operating in skill-intensive industries, the general level of
human capital is very important (Blomstrém and Kokko, 2003; Miyamoto, 2003). Typically,
education is used as the measure of human capital. In examining the impact of human capital on
productivity gains arising from FDI flows, Borensztein et al (1998) and Xu (2000) empirically
show that the impact of FDI on per capita growth depends upon the accumulated threshold level
of human capital in the host economy. Using the SFA framework, there have been several
studies that have examined the FDI-human capital nexus. Mastromarco and Ghosh (2009) find
that FDI improves efficiency, as does human capital accumulation. In addition, they find that in
the process of technology diffusion, the impact of formal education is less important for FDI,

whereas human capital measured as learning by doing, is found to be more important for

> Horizontal spillovers are associated with productivity spillovers from foreign firms to local firms in the same
sector whereas vertical spillovers arise from interactions between foreign firms and their local suppliers (backward
linkages) and foreign firms and their local customers (forward linkages).
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knowledge diffusion through FDI which “supports the view of complementarities between
disembodied knowledge of multinational firms and the absorptive capacity in host countries.” (p.
499). Similarly, Wijeewera et al (2010) find that FDI inflows exert a positive impact on
economic growth in the presence of a highly skilled labor but FDI by itself does not induce
efficiency gains. A nation needs to have a well-trained and skilled labor force in place so that it
can absorb the advanced technology that accompanies FDI inflows. However, Iyer et al (2008)
find that the efficiency externalities that stem from foreign investment are not conditional on the
proportion of higher educated people in the host country. The efficiency externalities from
foreign investment are contingent on the absorptive capacity of the host economies as reflected
in their financial markets.
Migration, human capital and productivity

Immigration, as a source of population growth, shares the same association as population
growth in neoclassical theory in that it reduces per capita output and growth.® However, in a
simple neoclassical growth model where (i) production is a function of labor and human capital,
which are internationally mobile, and physical capital which is immobile; (ii) there is no trade
between countries; and (iii) exogenous technological progress is the principal driving force of
economic growth, the human capital endowments of migrants is the decisive factor favoring
economic growth. The key then is to determine whether immigrants bring enough human capital
along with them to compensate for the decrease in physical capital per capita in the host country.
From this perspective, immigrants with low human capital endowments slow down per capita
growth, while immigrants with high endowments of human capital will speed up per capita

growth. This argument becomes even more significant for models of endogenous growth.

6 A detailed discussion of this issue is provided by Barro and Sala-i-Martin (1995). Rothgang and Schmidt (2003)
and the survey by Friedberg and Hunt (1995) also provide insight into this issue.
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Overall, the results of empirical studies on the linkages between immigration and growth
come to conflicting results (Friedberg and Hunt, 1995). Barro and Sala-i-Martin (1992), for
example, find that for the United States and Japan, migration has a positive, though small, effect
on growth. Peri (2009) in a regional study of openness amongst the 50 U.S states looks at the
effect of immigrants’ inflows on total factor productivity for each U.S. state and finds that the
openness of a state positively affects productivity through immigration but not through trade.
However, the empirical results of Blanchard and Katz (1992) and Dolado et al (1994) conclude
that migration is negatively related to the convergence between regions while Ortega and Peri
(2009) conclude that immigration has no effect on total factor productivity. However, when
Dolado et al (1994) includes the human capital brought in by immigrants, the negative output
and growth effects of immigration become less important. This is because immigrants can
contribute to the host country’s human capital base by bringing their own skills to the host

country and by influencing natives’ knowledge accumulation.’

4. Empirical Model

We consider a standard growth model with externalities (Romer, 1986; Lucas, 1988). The
product of a country i at time ¢, Y;, is determined by the levels of labor input and private capital,
Li;and K;;. The level of technology or multi-factor productivity is given by the parameter 4. The
production function is expressed as follows:

Y;z =F(Ait’Lit’Kit) (l)

" The contribution of immigrants’ human capital levels is also exploited by Hendricks (2002) which looks at cross-
country income differences by estimating the human-capital endowments embodied in immigrant workers from
different countries based on earnings attained in a common labor market. This approach allows them to conclude
that human and physical capital does not account for the majority of cross-country income differences.
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The parameter A4;; describes the Hicks-neutral productivity and is assumed to be affected by a set
of variables, Z;, which are external to an individual country. Equation (1) can thus be rewritten
as:

Y;z = Ait (Zit)F(L'

i Kir) )
Equation (2) indicates that the level of total factor productivity, TFP;, - A; (Z;) depends on the
(embodied and disembodied) technological progress, 4;;, and on external covariates such as a set
of growth determinants, Z;. Among these growth determinants we can consider, for instance, the
contribution of human capital and the outward orientation measures such as international trade,
migration, and FDI.

Following the efficient frontier literature (e.g., Fére et al., 1994), the TFP;, component
can be further decomposed into the level of technology, 4;, an efficiency measure, z;, which
depends on the covariates Z;, and a measurement error, w;;, which captures the stochastic nature
of the frontier,

TFF, = AT, (Z,)w, 3)

where 0 < 7, < 1. * By writing equation (2) in translog form we thus have:

V= Byt B+ Bl 4 B K B L B 4 B B+ Btk 4 Bl —u, vy, )

where lower case letters indicate the previously defined variables in natural logs [i.e., yir= In
Yi)], u, =-In(t,)is a non-negative random variable which measure inefficiency (distance from

the efficiency frontier); and v, =In(w,) is the error term. Non neutral technology is captured by

a time trend, 7, in translog form in order to take into account the possibility of non-neutral

technological shocks. Expected inefficiency is specified as:

®When T, =1 there is full efficiency, in this case the country i produces on the efficient frontier.
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E(u,) =12,0, (5)

where u;, is assumed to be independently but not identically distributed, z; is the (1x K) vector
of covariates which influence TFP via inefficiency, and ¢ is the (K x 1) vector of coefficients to
be estimated.

We thus model the inefficiency of OECD countries as:

u, =06, +0,FDI, +0,trade, +3,SEC, + 0,TER, + 6, Migr, + § SEC * Migr, + 0,TER * Migr, +
+8,SEC*FDI +8,TER* FDI, +8,,SEC*trade, +8, TER* trade ++€,

(6)
where, FDI represents the foreign direct investments of country i at time ¢; trade measures trade
openness and is equal to the ratio of the sum of imports and exports of manufactured goods to
GDP; SEC and TER are two measures of human capital equal to the percentage of total labor
force with secondary education and the percentage of the labor force with tertiary education in
the population of country i at the end of year ¢; Migr is migration as inflows of foreign
population; SEC*Migr, TER *Migr, SEC*FDI, TER*FDI, SEC*trade, and TER *trade, are the
interaction terms of the openness indicators and human capital in the country. The hypothesis
here is that the effect of all the cross-border activities on efficiency depends on the level of
human capital. Finally, &;is white noise. In order to estimate the parameters of the production
function in equation (4) together with the parameters in equation (6), we use a single-stage
Maximum Likelihood procedure proposed by Kumbhakar (1991) and Reifschneider and

Stevenson (1991). This is in the modified form as suggested by Battese and Coelli (1995) for

panel data with time-variant technical efficiency. °

 MLE is used to take into consideration the asymmetric distribution of the inefficiency term (Aigner et al. 1977).
Greene (1990) argues that the only distribution which provides a maximum likelihood estimator with all desirable
properties is the Gamma distribution. However, following van den Broeck et al. (1994), the truncated distribution
function, which better distinguishes between statistical noise and inefficiency terms, is preferred.
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4. Data

The data set is a panel of twenty four Organization for Economic Development and
Cooperation (OECD) member countries (Austria, Australia, Belgium, Canada, Denmark,
Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan, Korea, Luxembourg, the
Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, the United Kingdom
and the United States). Due to lack of data availability, the observation period is restricted to
1993-2004."" The dependent variable is the log of real GDP and the independent variables are
the log of the labor force and physical capital. The GDP data are from the World Bank (World
Development Indicators, 2007). The labor series is from the OECD database on labor force
statistics in OECD.Stat Extract (2009). We follow the methodology of Dhareshwar and Nehru
(1994) for our data on physical capital stock and gross fixed investment data which are sourced
from the OECD STAN database for Industrial Analysis."’

The explanatory variables for the efficiency term are the three cross border activities —
trade, FDI flows and migration — and human capital. International trade is captured by the
variable, trade, which is the sum of manufactured exports and imports as a percentage of GDP;
the trade data are from the OECD statistics database, OECD.Stat Extract (2009). Foreign direct
investment is measured as stock of FDI (as a percentage of GDP); the FDI stock data are from

United Nations Conference on Trade and Development’s (UNCTAD) World Investment Report

' The data on migration is the limiting factor which constraints the sample period from 1993 to 2004.

" The net capital stock is estimated as summation of past gross investment flows. For a particular country, capital
stock is calculated as K, = K,—1 (1 — ) + I; where K is capital stock, / is investment and @ is the rate of
depreciation, that is assumed to be 6%, along the lines of Hall and Jones (1999), Bernanke and Gurkaynak (2001)
and Iyer et al. (2008). It is assumed that all assets are retired from the capital stock at the moment when they reach
the average service life - the same for all types of assets. As a result, each year new real investment is added, and it
is assumed that repair and maintenance will keep the physical production capabilities of an asset constant during its
average lifetime. Initial capital stocks are constructed by the assumption that capital and output grow at the same
rate. Specifically, for countries with investment data beginning in 1970 we set the initial capital stock K;979p = 17970/
(g + 6), where g is the 10-year growth rate of output. The estimated capital stock includes both residential and
nonresidential capital.
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Annex Tables (2009). Migration is measured as the inflow of foreign population in each period

and country and was obtained from the OECD Statistics database, OECD.Stat Extract (2009).'?

We use two measures for human capital from the World Bank (World Development Indicators,

2007). The first measure is the percentage of total labor force with secondary education and the
second measure is the percentage of the labor force with tertiary education. The summary

statistics for all the explanatory variables are provided in table 1.

5. Empirical Results
Production Function Results

There are some studies that estimate the stochastic frontier and calculate the efficiency
term, and, as a second step, regress predicted efficiency on specific variables in order to study
the factors which determine efficiency. However, such a two-stage procedure is logically
flawed since it requires a first-stage assumption that the inefficiencies are independent and
identically distributed. Kumbhakar (1991) and Reifschneider and Stevenson (1991) address this
issue by proposing a single-stage Maximum Likelihood procedure. We adopt this approach but
in the modified form as suggested by Battese and Coelli (1995)."° They develop an extended
version of Kumbhakar’s model that allows the use of panel data. The parameters of the model
defined by (4) and (6) are thus estimated simultaneously. The results of this estimation are
displayed in table 2, where we report the coefficients of the translog form. From the estimates of

technological parameters we can retrieve information on the most appropriate specification of the

'2 Our empirical resuls in section 5 do not change when we take immigration as a percentage of the labor force.
These results are available upon request from the authors.
"> We use MatLab for maximum-likelihood estimates of the parameters and predictions of technical efficiencies.
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production function. By using a Likelihood-Ratio (LR) test we reject the null that the production
function is the Cobb-Douglas in favor of the translog form."*

The coefficients of the translog production function cannot be directly given an economic
interpretation. Therefore, in table 3 we report the estimated values of the output elasticities
calculated at the average value for each input. The results displayed are based on variable means
for the whole panel for the observation period, 1993-2004. As expected, all elasticities are
positive and significant; output is elastic especially with respect to labor (about 0.60), while the
output elasticity with respect to capital is lower (around 0.50)."

In order to further study the technology characterizing the production functions of firms,
we check for the presence of linear homogeneity by testing the null hypothesis that the sum of
the estimated elasticities is not statistically different from one. If we reject the null hypothesis,
then we can infer that the technology presents increasing (decreasing) returns to scale when the
sum of elasticities is above (below) unity. Table 3 (last row) shows that the hypothesis of
constant returns to scale can be rejected and that the OECD countries exhibit increasing returns
to scale.

Efficiency Results

In order to investigate the statistical relevance of inefficiency and analyze the
determinants of inefficiency (i.e. the factors that have an impact on countries’ total factor
productivity) we first need to test the statistical (and economic) relevance of countries’

inefficiency. The stochastic approach allows us to explicitly test for the presence of technical

' The Likelihood Ratio is used to test the null hypothesis is of a Cobb-Douglas functional form,
ie,H,: {ﬂ3 =pB,=B,= 0}. The Cobb-Douglas function is rejected. The test statistic is equal to 57.568, while the

critical value of X32 at the 1 percent level of significance is equal to 10.501.

'* The high labor elasticity is not surprising and confirms evidence found in other studies on different countries.
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inefficiency in a specific production process. We test the null of the joint significance of the

coefficients in equation (6), thatis, H, =y =0, =...=0,, = 0. The test is based on the following

variance parameters which are derived from equations (4) and (6)

=N

O
Y =—7 5'=0,+0,
o ()

This parameter can be used to perform a diagnostic likelihood-ratio (LR) test.'® The LR test
statistic is approximately distributed following a mixed chi-square distribution. We find that the
null hypothesis is decisively rejected at the 1 per cent level of significance.'” Therefore, these
results allow us to reject the null hypothesis of no inefficiency at the 1 percent significance level.
Since we find that inefficiency is significantly present in our sample of countries there is
room to investigate its determinants, i.e., the factors that exert an impact on OECD countries’
efficiency and, hence, on its total factor productivity. The analysis is based on equation (6),
whose estimates are reported in table 2. Since inefficiency in equation (6) is measured in terms
of the distance from the frontier, a negative impact indicates an increase in efficiency (i.e.
catching up toward the frontier). Foreign direct investment (FDI;) has a negative sign and is
statistically significant, indicating that its impact on efficiency is positive in table 2. Therefore,
we find that countries with high levels of multinational activities perform well because of the
benefits they get in terms of technical efficiency. While this finding supports earlier findings
that FDI is a crucial dimension of countries performances (e.g. Borensztein et al., 1998; Findlay,

1978; Lichtenberg and van Pottelsberghe, 1998), it further shows that the channel through which

' Coelli et al. (1998) point out that if y =0, the deviations from the frontier are entirely due to noise.

'7 Estimated statistic LR= 117.43, with a critical value of 25.549 for 12 degrees of freedom (for the critical values
see Kodde and Palm 1986).
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multinationals have an impact on production is by enhancing efficiency.'® The coefficient on
trade;; has a negative sign, revealing that countries that have higher international trade are
significantly more efficient. This is similar to results found earlier (e.g. Robbins, 1996; Tybout,
1992; Coe and Helpman, 1995; Coe et al., 1997).

With regards to the results of human capital variables, SEC;; and TER;,, we see that the
coefficients are statistically significant with a positive sign for secondary education and a
negative sign for tertiary education. This suggests that the efficiency externalities of human
capital do depend on the proportion of a relatively higher educated labor force (our measure of
human capital) of the country. We find that the channel through which human capital positively
affects output is through the efficiency enhancing effect and thus confirm earlier studies (e.g.
Benhabib and Spiegel 1994, Tallman and Wang, 1994). Recent contributions emphasize the
different roles that different types of human capital may play in either backward or advanced
economies (Caselli and Coleman 2006), and the distinction between innovation activities and
adoption of existing technologies from the (world) technology frontier (Acemoglu et al., 2006).
In this context, low skilled human capital appears better suited to adoption of technology in low
income countries, while skilled human capital has a growth enhancing impact which increases
with the level of development (Caselli and Coleman, 2006; Vandenbussche et al., 2006).

One of the aims of this study is to highlight the impact that migration can have on total
factor productivity growth in OECD countries. The migration of people from less to more
developed countries has long been a critical and unsolved issue. In deriving equation (6), we
assume that, beyond just increasing the labor force, a further channel through which migration

affects output is via efficiency. The empirical results support this choice. The coefficient of

'® The fact that FDI flows enhance efficiency has also been seen in studies by Iyer et al (2008), Mastromarco (2008)
and Mastromarco and Ghosh (2009).
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Migr;, is statistically significant (at the 10% significance level) and has a positive sign indicating
that the higher the number of immigrants, the lower is the countries’ efficiency. In other words,
it appears that a higher number of immigrants slows down the technological catching up process.
Moreover, we argue that countries with higher levels of human capital benefit more from
all three cross-border activities and, accordingly, we include the interaction terms of each of the
cross border activities, migration (Migr;), international trade (¢rade;;) and foreign direct
investment (FDI; ) with human capital (SEC;, and TER;;) in equation (6). This set up allows us
to examine the reaction of inefficiency (6) to each of the cross-border activity measures that are

dependent on the level of human capital:

OEW) _ 5. +8,SEC +8.TER
oMigr
OEW) _ s 45 SEC +8,TER
9FDI
9EW) _ 5 15, SEC +6, TER
dtrade )

We find that the coefficients on SEC*Migr;, and TER*Migr;; have a negative sign. However,
only TER*Migr; is statistically significant which suggests that immigration into countries with a
higher educated labor force enhances efficiency. As figure 2 (first graph) shows, the partial
derivative of inefficiency with respect to immigration (Migr;;) depends on the level of human
capital in the country (see equation 9). We see that the impact of immigration to inefficiency is
first positive and then becomes negative at higher levels of human capital, which implies human
capital-rich countries see their efficiency increase due to immigration unlike countries that are
relatively low in human capital. In particular, Figure 1 shows that increasing migration will

cause a positive effect on efficiency only at the last quantile of human capital distribution.
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The coefficients on the interaction terms between human capital and the measures of
international trade and foreign direct investment, SEC*FDI;,, TER*FDI,,, SEC*trade;; and
TER*trade;, in table 2, are all statistically significant. However, only variables TER *FDI;, and
SEC*trade;; have a negative sign indicating that its impact on efficiency is positive. By
distinguishing between secondary and tertiary education levels, we can clearly disentangle the
human capital channels through which FDI and international trade affect efficiency.
Specifically, to better master the frontier technology, OECD countries need higher educated
people (i.e. with tertiary education) for FDI and more basic knowledge (i.e. with secondary
education) for international trade. Variables SEC*FDI;; and TER *trade;; have a positive sign
indicating that the level of human capital seems to decrease the positive effect of FDI and trade
on efficiency (see the second and third graph of Figure 2). This outcome might be determined by
the measure of human capital used in the estimations, which is based on the average percentage
of population with higher education, and thus is a mere proxy of general human capital (Becker,
1975).

Robustness Checks

We check to see if our results are: (i) robust to different measures of human capital; (ii)
robust to new immigrants who enter the host country with tertiary education; and (iii) robust to a
nonparametric estimation of the model. One of the main results of this study is that immigration
has a negative effect on efficiency but helps to increase efficiency and productivity in the
presence of higher levels of human capital. The other two cross border activities, FDI and trade,
enhance productivity, FDI through tertiary education and trade through secondary education. In
order to reach this conclusion we measured human capital as the percentage of labor force with

secondary and tertiary education. This captures education as improvements in the skill level and
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knowledge of workers and is a source of human capital accumulation in the labor force over
time. In order to check the robustness of our results to the above human capital measure, we use
two alternate measures of human capital that have previously been used in the literature. Figures
3 and 4 present our robustness checks for the human capital measures. The first measure is the
widely employed secondary and tertiary school enrolment rates. Figure 3 confirms our basic
results and shows that education promotes efficiency externalities of immigration while it has
little effect in boosting efficiency externalities of FDI and trade. The second measure is
secondary and tertiary education expenditure per student. In Figure 4 we see that immigration
has an increasingly positive impact on efficiency in the presence of more public investment in
education (Chou and Wong, 2001). This supports the view of complementarities between human
capital investment and immigration. In addition, we find that education expenditure acts as a
substitute to foreign direct investments and as a complement to trade. This result seems to
suggest that more public investment in education also helps people to better conduct trade in
goods and services.

Our second robustness check stems from the observation that our results could be driven
by the fact that we may not be controlling for levels of education among immigrants. Using data
from the OECD Database on Immigrants in OECD Countries, we re-estimate our results for
equations (4) and (6) using immigration data which includes only migrants with tertiary
education. Our measures of human capital are the same as used in our baseline estimations, i.e.,
SEC and TER which are the percentage of total labor force with secondary education and the
percentage of the labor force with tertiary education. Our estimation results, as shown in Table
4, reveals that this migration variable by itself has no effect on inefficiency. It is only when we

interact this migration variable with existing human capital in host countries that we find the
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influence of migration on efficiency is positive. This lends further credence to the fact that our
results are not driven by the fact that efficiency is improved due to the inherent human capital
immigrants bring with them. The graphs in Figure 5 corresponding to Table 4 continue to reveal
the same pattern as before with regard to the impact of immigration to inefficiency. It is first
positive and then becomes negative at higher levels of human capital which implies human
capital-rich countries see their efficiency increase due to immigration unlike countries that are
relatively low in human capital. This result is confirmed for trade. However, for FDI it seems
that, once we control for tertiary education levels amongst immigrants, knowledge transfer
associated with FDI does not require further human capital to diffuse efficiency externalities.

A third robustness check stems from our awareness of the problems linked to the
adoption of a parametric approach. Thus, in order to validate our results, we implement the non-
parametric Data Envelopment Analysis (DEA) to estimate productive efficiency. An advantage
of Data Envelopment Analysis (DEA), popularized by Charnes et al (1978), over SFA is that it
does not make any assumptions, either about specific parametric functional form for the
production frontier nor regarding distributional assumptions on the noise and inefficiency
component. However, one problem with the DEA approach is that it is extremely sensitive to
outliers (Aigner and Chu, 1968; Timmer, 1971) which can cause a bias in the estimated
production frontiers and efficiency measures. Moreover, the standard DEA efficiency measures
are point estimates and, therefore, it is not possible to construct standard errors and confidence
intervals. The parametric or econometric approach, on the other hand, imposes a specification on
the production function which of course can be overly restrictive. The parametric approach, SFA,
does, however, have the advantage of having a well-developed statistical theory which allows for

statistical inference. Hence, using SFA we can test the specification as well as different
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hypotheses on the efficiency term and on all the other estimated parameters of the production
frontier such as input elasticities, scale economies, efficiency, etc.

Simar and Wilson (1998, 2000) propose a general methodology for bootstrapping in
frontier models to analyze the sensitivity of efficiency scores relative to the sampling variations
of the estimated frontier (i.e., to estimate the bias and variance, and to construct confidence
intervals). We check to see how robust our results are following their method which is based on
statistically well-defined models and allows for consistent estimation of the production frontier,
corresponding efficiency scores as well as standard errors and confidence intervals. We thus
estimate the effects of possible explanatory variables on efficiency using the double-bootstrap
procedure for a truncated regression model proposed by Simar and Wilson (2007) to improve the
robustness of statistical inference in the second stage. Using this method we assume that the
observations are independent and identically distributed, ignoring the time dependence due to
time dimension. Another important assumption we make in adopting the two stage approach
proposed by Simar and Wilson (2007) is the separability condition of the efficiency factors and
the production set; the covariates are assumed to affect the output only through the inefficiency
(see p. 35 in Simar and Wilson, 2007)."

Table 5 presents our robustness checks when we use this methodology. The non-
parametric estimations confirm our basic results which were obtained with parametric stochastic
frontier estimation, i.e. that the positive effect of cross- border activities on efficiency depends
crucially on the level of accumulated human capital. Specifically, immigration into countries

enhances efficiency only when countries have enough domestic human capital.

' If this condition is not supported by the data, the authors suggest that the parametric one stage approach of Battese
and Coelli (1998) that is used in this paper should be applied.
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6. Concluding Remarks

In a globalized world, outward oriented economies are integrated to the rest of the world
in at least three different ways, through international trade, foreign direct investment flows and
immigration. While proponents of globalization argue that these cross-border activities can have
an impact on countries’ technology convergence and thus their total factor productivity, there has
not been a comprehensive study of outwardly oriented economies that includes all these cross-
border economic activities. In this study we use a stochastic frontier model to study how total
factor productivity can increase through international trade, FDI and immigration, for 24 OECD
countries from 1993-2004.

The stochastic frontier approach allows us to distinguish between technological change
and efficiency and thus allows us to analyse the efficiency externalities associated with flows in
goods and services, flows in capital and flows in labor. The methodology thus allows us to
estimate the contribution of international trade, FDI and immigration towards improving the
efficiency with which the existing factor inputs and technology are utilized. To the best of our
knowledge, this study is the first in the literature to investigate how cross-border economic
activities affect the technology-catch up toward the frontier by considering flows in the goods
market, the capital market and the labor market simultaneously. Previous work using SFA has
used some of these cross-border activities to estimate its impact on total factor productivity (e.g.
Kneller and Stevens, 2006; Iyer et al, 2008; Ghosh and Mastromarco, 2009; Wijeweera et al,
2010) but omitted variables could potentially bias the inefficiency term. If all the cross-border
activities are not included in explaining the efficiency externalities of openness, it can
compromise the robustness of the results of these papers. This issue is especially important if

research focuses on the effect of outward oriented activities on productivity. In particular, Iyer et
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al (2008) find that trade and FDI inflows enhance efficiency, whereas FDI outflows increases the
inefficiency of OECD countries. However, the positive effect of inflows of FDI and
international trade on efficiency may depend on correlated omitted variables. By including
cross-border activities stemming from the goods, capital and labor market, we ensure that we do
not have a bias in the estimation of the growth impact or underestimate the growth effects of
outward orientation in general. Moreover, by incorporating human capital into the model we
acknowledge the fact that a host country’s absorptive capacity from the externalities associated
with the cross border activities can depend on the level of human capital stock.

Our results show that international trade and FDI are important channels that increase
productivity by improving efficiency, as does human capital accumulation, while migration
decreases inefficiency in countries that are richer in human capital. The results remain robust to
alternate measures of human capital, controls on education levels among immigrants, and to a
nonparametric estimation of the model. Human capital plays a significant role with regards to
migration since immigration into countries that are richer in human capital enhances efficiency.
Thus, to the best of our knowledge, this study is the first to document an important empirical
finding that migration flows, when supported by human capital improvements, increases
productivity via improving efficiency. This is also in line with the study by Peri (2009) for the
50 U.S. state economies where they conjecture that the increase in states’ total factor
productivity is due to native workers and immigrant workers undertaking more efficient task
allocation which results in an overall efficiency gain. The results of this study convey an
important message to policy makers in the host countries. Governments need to facilitate cross
border activities, which include immigration flows, by encouraging the establishment of the

necessary infrastructure and providing incentives to support the development of domestic
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innovative capabilities. For OECD countries, it will be more efficient and productive to invest in
human capital and attract immigrants than adopting protectionism policies which would hamper

productivity growth.



Figure 1: Production Function
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Table 1: Data Description (Mean)

Tert.
Country y k 1 FDI Trade  Sec. Educ Educ  Migration
AUS mean 26.67 27.09 16.56 1.90 39.97 32.194 36.726 108.39
sd 0.14 0.13 0.07 2.55 2.26 9.7432 14.252 36.60
AUT mean 25.94 26.48 15.60 1.83 83.68 65.905 11.615 64.91
sd 0.09 0.12 0.09 1.22 11.80 2.2355 3.9006 31.73
BEL mean 26.12 26.61 15.67 8.52 149.09 35.154 31.585 60.38
sd 0.09 0.12 0.02 1.45 16.39 1.5522 3.3321 9.36
CAN mean 27.23 27.26 17.05 2.71 76.36 30.477 50.631 217.83
sd 0.13 0.10 0.07 2.35 7.10 0.49523 3.2438 25.32
DNK mean 25.75 26.09 15.23 4.15 79.32 50.102 27.312 2591
sd 0.09 0.12 0.04 6.10 8.51 2.115 4.5727 9.56
FIN mean 25.44 25.82 15.19 3.19 68.16 46.477 26.746 9.02
sd 0.14 0.15 0.05 2.69 4.44 2.8833 6.029 1.83
FRA mean 27.87 28.10 17.45 2.22 49.24 44.042 23.682 92.09
sd 0.09 0.11 0.01 1.00 4.71 1.3845 2.6615 35.78
DEU mean 28.23 28.63 17.80 1.67 59.17 54.477 21.954 691.11
sd 0.06 0.13 0.03 2.79 10.50 8.3174 4.1973 112.73
IRL mean 25.15 25.27 14.81 8.73 154.74 32.21 29.59 26.90
sd 0.30 0.17 0.12 10.45 19.18 4.1446 7.5885 11.50
ITA mean 27.69 28.08 17.48 0.74 47.92 38.123 10.966 263.96
sd 0.06 0.11 0.03 0.42 4.09 4.1694 1.7476 73.32
JPN mean 29.16 29.62 18.59 0.11 19.79 48.023 33.772 291.51
sd 0.04 0.08 0.03 0.09 2.46 0.56591 3.4293 72.61
KOR mean 26.91 27.68 17.79 0.83 69.33 43.408 23.969 216.96
sd 0.19 0.23 0.03 0.62 10.56 0.58089 49515 37.90
LUX mean 23.64 24.55 12.94 56.71 239.26 32.222 22.842 10.86
sd 0.18 0.18 0.12 44.94 38.21 16.053 9.8572 1.25
NLD mean 26.61 27.00 16.15 6.05 119.89 43.568 24.842 73.76
sd 0.10 0.12 0.06 4.84 9.59 1.2039 1.8813 13.75
NZL mean 24.67 25.02 15.01 3.72 60.49 36.266 40.885 47.23
sd 0.12 0.17 0.08 1.79 4.25 18.099 14.506 15.79
NOR mean 25.79 26.60 14.98 2.01 71.73 56.275 29.492 24.27
sd 0.12 0.14 0.03 1.29 2.60 0.65106 2.7995 6.25
PRT mean 25.37 26.56 15.97 2.43 64.58 11.76 10.635 28.96
sd 0.11 0.10 0.04 1.87 3.23 1.4666 1.4153 41.56
ESP mean 27.04 27.43 17.11 2.93 51.88 18.375 25.051 268.78
sd 0.14 0.13 0.14 1.73 7.23 2.4359 4.3999 231.34
SWE mean 26.16 26.40 15.70 5.97 77.56 51.338 27.262 41.75
sd 0.11 0.09 0.03 591 8.31 3.8504 1.246 7.14
CHE mean 26.19 27.56 15.73 2.57 76.20 59.546 23.185 89.90
sd 0.06 0.06 0.01 2.21 7.79 1.4791 2.4447 12.87
GBR mean 27.95 27.89 17.64 3.42 55.65 46.362 25.269 245.21
sd 0.11 0.10 0.03 2.51 2.10 1.4186 2.9375 99.32
USA mean 29.85 29.77 19.31 1.34 23.95 45.846 41.038 755.13
sd 0.13 0.09 0.04 0.89 1.51 10.778 12.914 213.09

28
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Table 2. Estimation Results

Parameter Estimate t-Ratio

Production Frontier

Constant -15.60500 -0.00003

k, 8.83510 5.35655

l -3.53030 -2.24345

0.5k -0.66940 -4.20768

0.5 -0.45700 -3.73519

kL, 0.49150 3.50896

t 0.66015 4.16972

£ -0.01413 -1.72697

tk, -0.04535 -3.92760

t, 0.03037 3.11552
Inefficiency Model

Constant 56.66900 0.00011

FDI, -0.01197 -3.68486

trade, -0.01339 -4.00323

SEC, 0.01203 2.76722

TER, -0.02430 -5.54610

Migr, 0.00098 1.55440

SEC*Migr,  _0.00001 -1.19880

TER * Migr, -0.00002 -1.85157

SEC*FDI, 0.00132 9.32743

TER* FDI, -0.00108 -6.87980

SEC*trade,  _0.00014 -2.78182

TER * trade 0.00049 7.25872

o, 0.04198 0.00000

o, 0.32946 0.00024

Note: Number of observations: 286, log-likelihood: 94.178. The estimates in the first panel are the
parameters of the translog production function and the coefficients of the time trend (in translog
specification) (equation 4). The estimates in the second panel are the parameters of the inefficiency model

(equation 6), O, the estimate of the standard deviation of the efficiency, and O, is the estimate of the

standard deviation of the statistical noise.



Table 3. Elasticities

Standard error

Capital Output Elasticity 0.50

Labour Output Elasticity 0.60

Returns to scale (Hy : Z,sz 1) 1.09

0.05)""
0.04)™"

(0.04)

Notes:  implies significance at the 1 percent level;
" implies H, rejected at the 1 percent level.
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Figure 2: Marginal Effect of Inefficiency with Respect to Cross Border Activities
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Figure 3: Robustness Check for Measure of Human Capital

Marginal Effect of Inefficiency with respect to Cross Border Activities using School
Enrolment Rates
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Figure 4: Robustness Check for Measure of Human Capital

Marginal Effect of Inefficiency with respect to Cross Border Activities using
Education Expenditures per Student
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Table 4. Robustness Check Controlling for Immigrants with Tertiary Education

Estimation Results

Parameter Estimate t-Ratio
Production Frontier
Constant 3.51420 -0.00010
i 9.85989 8.51030
i -6.79494 -6.85277
0.5k, 2063920 725411
0.5/, -0.38087 -4.67928
kL, 0.49743 6.15868
¢ 0.43373 4.46154
r’ -0.01951 377354
tk, -0.00970 -1.23427
t, -0.00450 -0.59977
Inefficiency Model
Constant 59.06136 0.00169
FDI, 0.01247 5.56776
trade, 0.00163 1.11584
SEC, 0.02307 6.93055
TER, 0.02290 7.23065
Migr, 0.00002 12.66009
SEC * Migr, -0.00000 -12.79678
TER* Migr, -0.00000 -12.02927
SEC*FDI, 0.00003 0.17395
TER* FDI, 20.00053 -3.76460
SEC*trade, -0.00003 -1.30600
TER * trade 0.00007 1.57121
o, 0.22803 0.00031
o, 0.06174 0.00002

.....

,,,,,,,,,,

parameters of the inefficiency model (equation 6), O, the estimate of the standard deviation of the efficiency, and O, is the

estimate of the standard deviation of the statistical noise.
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Table 5: Robustness Check for Empirical Methodology

Results of Truncated Regression Analysis

Parameter Estimate
Constant -18.05889"
FDI, 0.00074"
trade, 0.08246
SEC, 0.01995"
TER, 0.15957"
Migr, 0.00291"
SEC * Migr, 0.00004
TER* Migr, 20.00022"
SEC*FDI, 0.00296
TER*FDI, -0.00055
SEC *trade, -0.001 1()*
TER *trade, -0.00064*

Notes: " implies significance at the 5 percent level. The estimation is done according to
Algorithm 1 and 2 of Simar and Wilson (2007) with 1,000 bootstrap replications for bias
correction and 2,000 for confidence intervals of the estimated regression coefficient. The
regressor is the DEA estimate of the unobserved inefficiency score of the countries.
Estimations are done in MatLab.
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Appendix
Variable Description Data Source
Y Real GDP World Development
Indicators, 2007
K Physical capital stock Our calculations using gross
fixed investment series from
OECD STAN database for
Industrial Analysis.
L Labor force (number of workers) OECD.Stat Extract, 2009
FDI FDI inward stock, percentage of GDP UNCTAD, World Investment
Report Annex Tables, 2009
trade Manufactured exports + manufactured OECD Statistics database
imports / GDP OECD.Stat Extracts, 2009
SEC Percentage of total labor force with World Development
secondary education Indicators, 2007
TER Percentage of the labor force with World Development
tertiary education Indicators, 2007
Migr (1) Inflow of foreign population in each ~ OECD Statistics database,
period and country OECD.Stat Extracts, 2009
(i1) Inflow of foreign population in each ~ OECD Statistics database,
period and country with tertiary OECD.Stat Extract , 2009
education
Education Expenditure per student (percentage of ~ World Development
Expenditure GDP per capita) Indicators, 2007

School Enrolment
Rates

Gross school enrollment rates which is
the ratio of total enrollment, regardless
of age, to the population of the age
group that officially corresponds to the
level of education shown

World Development
Indicators, 2007
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