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ABSTRACT Given that global production fragmentation in electronics has proceeded with
increasing intensity, this paper examines the role of vertical specialization (VS) for a country’s exports in those goods. Our panel-econometric cross-country analysis, which covers 28
developed and developing economies and the period 2000–2008, provides evidence on the
impact of fragmentation on a country’s export level and export share. The findings indicate
that a country’s extent of VS plays a significant role and exerts a strong positive effect on a
country’s electronics exports. Thus, evidence is found that the participation in production
sharing networks is an important determinant of export performance in electronics for developed and developing countries. Consequently, fragmentation should be controlled for in any
analysis of export determinants in electronics or other goods where VS might be important.
Our study implies that the cross-country specialization in electronics will increasingly be
characterized by a fine intra-product specialization pattern.
KEY WORDS: Vertical specialization, international production fragmentation, electronics,
Information and Communication Technology (ICT), export performance, export determinants,
panel-econometric analysis, cross-country study
JEL CLASSIFICATIONS: F10, F14, O50, O57

1.

Introduction

It is well documented that over the last two decades an increasing and worldwide
expansion of the international production network has been achieved (e.g.
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Kimura, 2006; Arndt & Kierzkowski, 2001). Outsourcing activities, vertical
multinationals, and international trade in parts and components constitute different aspects of this phenomenon. This new wave of deepening global economic
integration has led to the emergence of a new type of international specialization
patterns among countries, labeled in the literature as vertical specialization.
There is by now accumulated evidence showing that vertical-specialization
based trade has risen much faster than conventional exchanges of final goods,
and is currently dominating world trade (Bridgman, 2010; Amador & Cabral,
2009; Breda et al., 2008; Molnar et al., 2007; Kimura et al., 2007; Athukorala &
Yamashita, 2006; Chen et al., 2005; Ng & Yeats, 2003; Yeats, 2001; Hummels et al.,
2001). International production fragmentation is most importantly found in the
clothing, automobile, and electronics sectors. Specifically, in the electronics sector, global production sharing activities have in recent years grown substantially.
Consequently, fragmentation in electronics and Information and Communication Technology (ICT) goods has become a prominent feature in many advanced
OECD economies as well as in developing countries (Lall et al., 2004).
In East Asia, fragmentation in electronics is especially pronounced and developed. In this region large intra- and extra-regional production sharing networks
have been formed and expanded (Hiratsuka, 2008; Kimura et al., 2007; Bonham
et al., 2007; Gaulier et al., 2007; Kimura, 2006). Nowadays, the production of ICT
and other electronics goods exhibits extensive production sharing links between
the economies of East Asia, the US, and the European Union. All these developments have contributed to the re-shaping of trade patterns across countries (Jones
et al., 2005).
Given the rising importance of the subject, there is a large and expanding
literature on the trends, patterns, and determinants of vertical specialization (e.g.
Miroudot & Ragoussis, 2009; Li, 2009; Dean et al., 2009; Nordas, 2008; Clark,
2006). Furthermore, a number of more in-depth and microeconomic questions
associated with vertical production networks have been investigated, including
the motives of multinationals regarding outsourcing (Markusen, 2004), the firmlevel gains from fragmentation (Hayakawa et al., 2009), and the micro-based
characteristics of production sharing (Machikita & Ueki, 2010; Shin et al., 2009;
Kimura, 2009).
However, less attention has been given to the role and quantitative effect of a
country’s extent of vertical specialization and participation in production networks on the country’s export performance. Given the increasing importance of
global production sharing in electronics, empirical analyses on the export determinants at the country level should take into account and control for the extent
of international fragmentation. Particularly for the case of the East Asian region
and the electronics sector, it is often claimed that international trade and specialization patterns must be understood in the context of production fragmentation
(e.g. Ando and Kimura, 2009; Haddad, 2007).
Nonetheless, the question of how fragmentation affects a country’s export
development and performance has not been addressed explicitly. One exception,
for instance, is Bonham et al. (2007), in which the empirical analysis is concentrated on the above research question. Within a panel-econometric framework
for seven East Asian economies, they find that fragmentation has a particularly
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strong and statistically significant effect on a country’s ICT exports. In addition,
Srholec’s (2007) cross-sectional study for the year 2003, which includes several
East Asian, developing, and developed countries, also finds strong econometric
evidence of a significant impact of fragmentation on electronics exports.
There are also some studies on the implications of fragmentation for an
economy’s exports that take a country-specific view. Without providing a formal explanatory analysis, Kimura and Obashi (2008) examine this issue for
China using regional data. They claim that the observed differences in export
performance in electronics and machinery products across Chinese regions is
partly explained by the cross-regional differences in the extent of participation
in the East Asian production networks. Cieslik (2009) assesses empirically the
role and impact of production sharing between Poland and the OECD countries on Poland’s trade volume with the OECD. It is found that, together with
other country-level determinants, vertical production networks, as proxied by
FDI, explain Poland’s trade with its trading partners.1
Two recent studies using large German establishment datasets investigate the
effects of production fragmentation on a firm’s exports and other measures of
firm performance (Moser et al., 2009; Wagner, 2009). Both empirical studies find
evidence that fragmentation, which is proxied by imported intermediate inputs in
the former and production tasks relocated abroad in the latter, has a significantly
positive impact on export performance.
It has to be noted that the above empirical papers investigating to some extent
this issue directly or indirectly have several limitations. The proxy for fragmentation that some studies use, such as FDI flows (Bonham et al., 2007; Cieslik,
2009), does not really indicate a country’s extent of fragmentation or VS. Only
a small fraction of the overall FDI may represent vertical FDI and be associated
with fragmentation. Without distinguishing between horizontal and vertical FDI,
general FDI flows cannot provide the relevant information.
Furthermore, even vertical FDI does not fully capture a country’s extent of
production sharing, as fragmentation can take place between independent firms
(through arm’s length transactions) and not only within multinationals. The
empirical analysis in some cases is not explicitly based on a relevant theoretical
model and the regression equation is rather ad hoc (Moser et al., 2009; Wagner,
2009; Srholec, 2007). Finally, in Srholec (2007) the econometric estimation is less
representative and generalizations based on the regression findings are less valid
as the analysis is concerned for a single year and includes only a few control
variables.
Therefore, to assess rigorously the impact of fragmentation on electronics
exports at the country-level, this paper applies an empirical framework specifically for this purpose. This framework includes a measure of fragmentation that
1 Although the author provides an interpretation of the findings that give less support for a vertical

FDI scenario, the theoretically derived estimable equation as well as the estimated coefficients
of the FDI variable and some additional explanatory variables related to factor proportions and
Heckscher-Ohlin specialization, which are all relevant also in the case of production sharing, hint
at the relevance and significance of international production sharing for Poland’s trade with the
OECD.
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corresponds to the theoretical concept of fragmentation and VS, as measured by
a relative VS index, suitable for cross-country analyses. As the phenomenon of
VS is correctly and fully captured in our empirical analysis, its impact can be
evaluated with greater precision, reliability, and confidence.
In addition, the comprehensive dataset that has been created and utilized for our
panel-econometric analysis covers the 2000–2008 period and includes 28 developed and developing countries, which account for over 97% of world ICT exports.
This enables us to examine the effect of global fragmentation during a recent time
period where vertical production networks have been expanding in size and scope.
The empirical analysis also allows the assessment of the dynamics with respect
to fragmentation and export development.
The rest of the paper is structured as follows. Section 2 reviews the conceptual
and theoretical background of international production fragmentation and vertical specialization. Section 3 examines the patterns and dynamics of electronics
exports and vertical specialization across our sample of countries. Additionally,
the co-movement and relationship between these two variables is also investigated
through a first simple correlation analysis. Section 4 presents the empirical modeling framework and assesses the role, quantitative impact, and relative importance
of vertical specialization on a country’s export performance in electronics goods.
Finally, section 5 presents some concluding remarks and policy implications.

2.

Conceptual and Theoretical Background

International production fragmentation can be described as the phenomenon in
which the production of a final good is fragmented or sliced into several production stages, which take place in different countries. The various intermediate
goods, resulting from each production stage at a different location, are combined
in the last stage to produce the final good. International trade in intermediate
inputs plays a crucial role here, as it is an integral part of the overall production
process. It constitutes a service link connecting all separate production blocks.
Figure 1 illustrates graphically the concept of international production fragmentation in the case of both a strictly sequential and a parallel-sequential
production process of a manufacturing good. Panel (a) of the figure shows the
case of a strictly sequential production process that takes place within a vertically integrated firm (where all stages are carried out) or within a country (the
firm acquires some of the intermediate production stages only from local suppliers). In this strictly sequential process some initial raw materials (block A) are
being transformed progressively through various stages into processed intermediate goods (blocks B, C, and D) and finally into the final good (final production
stage E).
As shown in panel (b), with international production fragmentation, only a
subset of the sequential production stages are being carried out in the home
country (A), while the remaining blocks are produced in another country (B).
In particular, in our simplified example with two countries, country A produces
the good-in-process B, which is then exported to country B (grey dotted arrow)
so that intermediate sequential production stages C and D are produced in that
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Figure 1. International production fragmentation.
Source: Author’s own drawing.

country. From there, production block D is exported to country A, where the final
transformation occurs and the final consumer good is produced (stage E).
In reality, many production processes are not strictly sequential, but rather
involve sequential as well as parallel processes. In this case, there is not a single
sequential chain, but several parallel chains that are later combined to produce
goods-in-process at a more advanced stage and the final good. This is illustrated
in panels (c) and (d) of the figure. The number before the letter of the production
block denotes the parallel chain. Thus, in the case of intra-country (or vertically
integrated firm) production, we start with parallel production chains 1 and 2,
which result in intermediate goods 1C and 2C. These intermediate stages are
combined to produce stage D from which the final transformation occurs. Finally,
in panel (d), international production fragmentation is shown for a production
process with three parallel-sequential chains and three countries.
Global outsourcing and vertical specialization constitute prominent characteristics and features of this production fragmentation process. It has, however, to
be noted that these concepts, although related, are not synonymous. As Hummels et al. (2001) point out, vertical specialization constitutes actually a subset
of the overall intermediate goods trade and is associated with both an import
and export side. More specifically, vertical specialization involves the back and
forth trade in intermediates for further processing by another country and the
exporting of the intermediate good-in-process or the resulting final good. It, thus,
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reflects the imported intermediate goods that are embodied in a country’s exports
of intermediate or final goods.2
On the other hand, according to the conceptual definitions of the above authors,
the more general case of outsourcing involves a one-way intermediate goods trade
among countries, where the imported intermediates are used only for the production and subsequent consumption of the resulting final good within the country.
This final good is not exported nor are the imported intermediate goods used to
produce other intermediate inputs (goods-in-process) to be exported, as in the
case of vertical specialization.
Although Figure 1 illustrates the concept of international production fragmentation, it provides no information on the economic rationale and motivation
behind this process. Given that countries differ in factor productivities and relative factor endowments, the driving forces behind such production fragmentation
may be found in the different labor skills and in the different factor proportions
that different production stages require.
If the fragments exhibit differences in labor requirements, the different production stages are carried out and located in countries in which the skills of their labor
force match the labor skills requirements of those particular segments. This fragmentation pattern across countries with different labor productivities and skills
generates Ricardian specialization patterns and gains from trade. Additionally,
if the segments exhibit differences in factor proportion requirements, the various
production blocks locate in countries in which their relative factor abundances
match the factor-intensities of those particular fragments. The resulting international production fragmentation pattern creates a Heckscher-Ohlin (H-O) type of
specialization across countries. Thus, the more labor-intensive production stages
locate in labor-abundant economies and the more capital intensive fragments
locate in capital-abundant economies.
By taking advantage of the cross-country dissimilarities in factor skills and
prices, international production fragmentation reduces significantly the production cost in each segment and the overall production cost of the final good. This
is illustrated more clearly in Figure 2, which shows production costs as a function
of the output level. Line segment 1 depicts the cost curve when all the production
process is carried out within a vertically integrated firm or within a country (as
shown in panels (a) and (c) of Figure 1) with constant returns to scale.
The other line segments refer to the cost functions for a progressively fragmented production process, which are also subject to constant returns to scale.
Thus, line segment 2 illustrates the case where the production process is fragmented between two countries (some stages are carried out in one country and
some other stages in the other country). This results in a reduction in marginal
production costs as indicated by the smaller slope of line segment 2. Since these
production blocks among the two countries have to be coordinated and transported from one country to the other (in order for the overall production process to
be completed) there is an international coordination cost associated with this fragmentation. This cost of service links is represented in the figure by the distance 0A
and the fragmentation pattern 2 is cost-effective for output level greater than 0D.
2 For

a discussion on this issue see, for instance, Hummels et al. (2001) or Chen et al. (2005).
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Figure 2. Costs and international production fragmentation.
Source: Taken from Jones and Kierzkowski (2005).

Similarly, line segments 3 and 4 represent cost curves for a progressively finer
fragmentation pattern. Here, several production stages are located among several
countries and marginal costs are further reduced by matching even better the
production requirements of the segments to the country differences. Hence, cost
curve 4 represents the most fragmented production pattern in the figure, in which
the marginal cost (slope) is lowest and the coordination cost is 0C (the highest).
The bold locus depicts the fragmented production pattern that minimizes total
production costs. As it can be seen from the figure, international production
fragmentation leads to increasing returns to scale.
Theoretical analyses on the phenomena of trade in intermediate products and
production fragmentation date back to the 1980s and 1990s (e.g. Sanyal & Jones,
1982; Jones & Kierzkowski, 1990) and have since been extended and examined
further with an increasing interest (e.g. Arndt & Kierzkowski, 2001; Deardorff,
2001; Grossman & Helpman, 2002; Yi, 2003; Kimura & Ando, 2005; Luthje,
2005, 2006; Markusen & Venables, 2007; Baldwin & Robert-Nicoud, 2010).
Although this line of research investigates and provides insights in a number of issues, we limit our attention on the implications with regard to export
patterns, and more precisely on export performance. First, the effects of international production fragmentation have been examined with diagrammatic analyses
within a rather simple modeling context. For instance, taking an HO view with
two countries and two goods (where one good is fragmented), Arndt’s (2001)
examination reveals that fragmentation within a free trade area leads both countries to produce and export different intermediates (production stages) of the
fragmented good.
Additionally, both countries continue to produce the final good with the fragmented technology (imported intermediate goods), and the bilateral trade occurs
in the components of the fragmented good. The output of this final good in
both countries increases due to lower overall production costs and increased

Downloaded by [Yonsei University] at 19:36 30 March 2012

116

K. Vogiatzoglou

productivity, as does the export volume. An implication is that their exports
of the fragmented good could also rise towards third countries, as they produce with lower costs compared with countries that do not use the fragmented
production process.
This can also be extrapolated from Figure 2, where it is evident that firms (and
in a macroeconomic extension, countries with such firms) that make use of an
internationally fragmented production technology exhibit decreasing marginal
costs and experience an increase in the output level. This feature makes them
more cost competitive compared to non-fragmented firms, and thus their export
performance may improve significantly.
In a similar theoretical exercise, Deardorff (2001) examines the issue with both
a graphical and a formal mathematical analysis within a Ricardian as well as
HO setting. Depending on how and whether fragmentation changes the prices, a
country could also specialize completely in the intermediate good and export it,
with the other country specializing in the final good. In addition, both countries
would experience an increase in their output level.
In more formal and general equilibrium analyses, where fragmentation is
allowed to occur in any sector and direction, typically a variety of results can be
generated and the outcomes are rather ambiguous (depending on certain conditions) than straightforward predictions. Without going into the details, in Baldwin
and Robert-Nicoud (2010), for instance, international production fragmentation
can lead the home country that outsources the given tasks to experience a significant increase in the output in both goods. Production in the foreign country
increases also at least in one sector and typically intra-industry trade occurs
(Home exports the final goods and Foreign exports the fragments as well as some
quantity of final goods).
Additionally, output may rise further in the foreign country with the possibility
of two-way intra-industry outsourcing. Thus, although the results are not clearcut, a typical scenario is that the countries engaging in international production
sharing should be expected to experience cost savings and expansion in output
and exports. Finally, in a multi-country approach within an HO framework,
Markusen and Venables (2007) examine explicitly the effects of international
fragmentation on trade volume. Their numerical results show that fragmentation
leads to an export expansion in countries that engage in export activities, where
the specialization can occur in the assembly activity or in the components of the
fragmented product.
3.
3.1

Electronics Exports and Vertical Specialization across Countries
Patterns and Trends in Export Performance

In our empirical analysis we use data on electronics exports from the WTO international trade database. Electronics exports are defined as exports belonging in
the following SITC (Standard International Trade Classification) categories: 75,
76, and 776 (office machines and automatic data processing machines; telecommunications and sound recording and reproducing apparatus and equipment;
thermionic, cold cathode or photo-cathode valves and tubes). The data on
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electronics exports (as well as on total exports) for all countries in our sample are
in US dollars at current prices and refer to a country’s world exports.
Table 1 shows the development in the share of electronics exports in total
exports as well as in the Revealed Comparative Advantage (RCA) index between
2000 and 2008 for 29 countries. First, it is evident that some South-east Asian
economies (e.g. Singapore, Malaysia, Taiwan, and Korea) and some smaller
countries (such as Ireland and Finland) show the highest exports shares, indicating an especially high export concentration. These economies have RCA indices
well above unity, revealing a strong export performance in the given product
group relative to the world. Some advanced OECD economies (such as Japan,
Netherlands, the US, Sweden, and the UK) show also high export shares in
electronics goods.

Table 1. Export performance in electronics of 29 countries, 2000–2008
Share of Electronics Exports
in Total Exports (%)

Australia
Austria
Brazil
Canada
China
Denmark
Finland
France
Germany
Greece
Hong Kong
India
Ireland
Italy
Japan
Korea
Malaysia
Mexico
Netherlands
Norway
Portugal
Singapore
Spain
Sweden
Switzerland
Taiwan
Thailand
UK
US

RCA Index of Electronics Exports

2000

2008

β1

2000

2008

β1

2.79 (27)
8.27 (18)
4.21 (24)
7.46 (19)
17.45 (15)
7.09 (20)
23.39 (8)
10.03 (16)
8.63 (17)
3.99 (25)
24.70 (7)
0.91 (29)
32.76 (5)
4.37 (23)
22.57 (9)
34.07 (4)
53.33 (2)
20.46 (10)
19.91 (11)
1.90 (28)
6.11 (21)
53.57 (1)
4.49 (22)
17.64 (13)
3.61 (26)
38.20 (3)
27.01 (6)
17.61 (14)
19.62 (12)

1.15 (28)
4.86 (18)
1.60 (26)
3.12 (21)
26.72 (5)
3.42 (20)
14.78 (10)
4.21 (19)
5.38 (17)
2.48 (22)
39.59 (1)
0.89 (29)
16.34 (9)
1.91 (24)
13.20 (12)
20.87 (6)
33.93 (3)
19.35 (7)
14.43 (11)
1.31 (27)
6.90 (15)
35.78 (2)
2.35 (23)
8.72 (14)
1.75 (25)
27.28 (4)
18.31 (8)
5.96 (16)
10.67 (13)

−0.110a
−0.085a
−0.111a
−0.073b
0.057a
−0.081a
−0.047a
−0.091a
−0.045a
−0.058a
0.063a
−0.032
−0.085a
−0.097a
−0.063a
−0.050b
−0.051a
−0.011
−0.027b
−0.060a
0.022b
−0.044a
−0.077a
−0.053a
−0.080a
−0.047a
−0.039a
−0.113b
−0.068a

0.186 (27)
0.551 (18)
0.280 (24)
0.497 (19)
1.164 (15)
0.473 (20)
1.559 (8)
0.669 (16)
0.575 (17)
0.266 (25)
1.647 (7)
0.060 (29)
2.185 (5)
0.292 (23)
1.505 (9)
2.271 (4)
3.556 (2)
1.364 (10)
1.327 (11)
0.127 (28)
0.407 (21)
3.572 (1)
0.299 (22)
1.176 (13)
0.241 (26)
2.547 (3)
1.801 (6)
1.174 (14)
1.308 (12)

0.118 (28)
0.501 (18)
0.165 (26)
0.322 (21)
2.754 (5)
0.353 (20)
1.524 (10)
0.434 (19)
0.555 (17)
0.255 (22)
4.081 (1)
0.092 (29)
1.684 (9)
0.197 (24)
1.361 (12)
2.152 (6)
3.498 (3)
1.994 (7)
1.488 (11)
0.135 (27)
0.712 (15)
3.689 (2)
0.242 (23)
0.899 (14)
0.180 (25)
2.812 (4)
1.887 (8)
0.615 (16)
1.100 (13)

−0.066a
−0.041b
−0.067b
−0.029
0.107a
−0.037c
−0.003
−0.047a
−0.001
−0.014
−0.108a
0.011
−0.041a
−0.054a
−0.019a
−0.006
−0.007
0.032b
0.016b
−0.016
0.066a
−0.000
−0.033b
−0.009
−0.036c
−0.003
0.004
−0.069c
−0.024a

Notes: The numbers in the parentheses indicate the country rank. β1 denotes annual average growth rate,
estimated with a linear trend model, ln(Y) = β0 + β1 t + ut (t = 2000, . . . , 2008); a, b, and c denote statistical
significance at the 1%, 5%, and 10% levels, respectively.
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Secondly and more interestingly, there seems to be a negative trend in most
countries. The exceptions are China, Hong-Kong, and Portugal. Although the
table does not show all data (time) points, it reports the annual average growth
rate, which has been estimated with a linear trend model. It is a general finding
that a statistical significant negative trend is present, except in the aforementioned countries, which exhibit a significant positive trend. It has to be noted
that a closer examination of the data shows that electronics exports are increasing in almost all countries in absolute terms, but due to the higher export
growth rates in the other product groups, electronics exports in total exports
are falling.
Thus, the export level in electronics goods is not falling; rather there is a
decreasing export specialization (in terms of both a country’s concentration of
electronics exports in total exports and a country’s export specialization of electronics goods within the world economy as indicated by the RCA index). Most
importantly, however, China and Hong-Kong seem to have increased substantially
their export shares, in terms of export concentration as well as export specialization in the global economy. This is a result of the particularly strong export
growth that has been achieved in those economies in recent years. On the other
hand, several OECD economies have witnessed a significant fall in both of those
measures (especially the UK and Ireland).
3.2

Trends in Vertical Specialization

3.2.1 The measurement of VS
For identifying the vertical specialization trends and patterns across our sample
of countries, we use the VS index3 developed by Amador and Cabral (2009).4
We employ this index because, by construction, it is a relative measure, suitable
for international comparisons and cross-country studies.5 In addition, VS data
calculated with this index are available for our panel of countries.
This measure combines data from international trade statistics and InputOutput (IO) matrices.6 Amador and Cabral’s (2009) index is based on the
following reasoning and two-step methodology. In terms of relative international
product specialization, a high export share in a given product (j) coupled with a
high import share in an interrelated intermediate good (i) in a country (p) hints
at the existence of VS. After VS has been identified from the above procedure,
its intensity is quantified. This intensity is given by the value of the intermediate
3 Since

we are concerned with electronics exports, we use their VS measure which corresponds
to the electronics sector and is calculated from 33 components and parts. Those components are
intermediate inputs mostly of electronics and machinery products.
4 The data on vertical specialization for the countries in our sample have been kindly provided by
Amador and Cabral (2009) upon request by the author.
5 For an overview of different measures and indices related to the phenomena of international
production fragmentation and vertical specialization see, for instance, Molnar et al. (2007) and
Formentini and Iapadre (2008).
6 The information from the IO tables is necessary for the identification of the production chain
(i.e. whether a good is an intermediate good input used in the production of another good). The
information from the trade statistics is needed for the identification and measurement of VS.
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goods imports that exceeds the one associated with a given pre-specified threshold percentile of the cross-country distribution in the international specialization
index for imported inputs.
More specifically, the international product specialization index for exports as
well as imports that is used for the calculation of the VS measure is a modified
Balassa index, denoted B∗ :
B∗Xpj
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B∗Mpi

=

=

xpj
Xp

(μ̄p )j
mpi
Mp

(μ̄p )i

(1)

(2)

where p = 1, 2, . . ., N; i, j = 1, 2, . . ., S, and where the numerator in any given
country p is the export (import) share of product j (i) in the country’s total
exports (imports), and the numerator is the average share across p countries.
Amador and Cabral (2009) combine trade data at the ISIC 4-digit level for
manufacturing goods (S = 121) with IO matrices to obtain a 121 by 121 IO table,
which gives information on the amount of each input used in the production of
each of the 121 goods. The resulting table is then converted in a 1/0 pseudo IO
matrix (IOij ) depending on whether an input represents more than 1% of the total
sectoral inputs, in which case the matrix takes a value of 1 (it takes the value zero
if the inputs represent less than 1%). The IOij matrix enables the identification
of the intermediate inputs i that are used in the production of good j.
Thus, the first stage of the methodology is the identification of VS activities and
is applied as follows. For every product pair (i, j) and a given threshold percentile
(PRC) the element i, j, p of the VS matrix takes a value of one if:
IOij = 1

and

B∗Xpj > B∗PRC
Xj

and B∗Mpi > B∗PRC
Mi

The above condition says that i is an input for j and that both relative export
specialization in j and relative import specialization in i are very high (above the
PRC), pointing thus to the existence of VS in the product j.7
In the second stage, which involves the quantification of VS, in any given input i
the amount of intermediate goods imports that is above the value of the PRC (for
imports) is taken to be the level or extent of VS. In particular, for the calculation
of the VS measure first the import level for each country has to be obtained
that would equate the relative import share in input i with that of the threshold
7 Notably, this identification is dependent upon an arbitrarily VS threshold (the PRC). Furthermore,
high values of both B∗ indices (for exports and imports) may be due to horizontal intra-industry

trade or other country-specific characteristics that would explain a country’s trade shares to be
higher than the corresponding world average. Since the PRC threshold is particularly crucial for
this procedure, several high threshold levels have been chosen.
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percentile (B∗Mpi = B∗PRC
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(3)
Solving equation (3) for mPRC
pi yields:
mPRC
pi =

 

S
·
z =i mpz
N mci
B∗PRC
1 − Mi
c =p Mc )
N (1 +

B∗PRC
Mi
N



N mci
c =p Mc

(4)

Equation (4) gives the value of the imported input i for country p that makes
B∗Mpi = B∗PRC
Mi . Now, the VS measure is computed as the value (amount) of the
imported intermediate input i that is above the corresponding value given by the
threshold:
PRC
VSMPRC
(5)
pi = mpi − mpi
Since this calculation applies only for the cases that have been identified as VS
from the first stage, the above equation takes only positive values. This measure,
which reveals a country’s VS level (in value terms), can also be expressed as a
percentage of a country’s total imports:

PRC
i VSMpi
PRC
VSMp = 
(6)
i mpi
Equation (6) is the resulting VS index that reveals a country’s relative extent of
VS (as a share of total imports). The VS measure can be calculated for individual
sectors (product groups) and for different definitions of intermediate inputs. It
has to be noted that VS shows the value of the intermediate goods imports (i)
that are embodied in a country’s exports (j), and thus Amador and Cabral’s
(2009) measure is in the spirit of Hummels et al. (2001). This VS measure can be
used as a quantitative indicator of a country’s degree of international production
fragmentation and participation in the global production network.
3.2.2 The extent of VS
Table 2 reports the cross-country vertical specialization trends over the 1999–
2007 period. The table shows two VS measures: the first is the value of imported
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Table 2. Vertical specialization of 28 countries, 1999–2007
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VS Level (millions of US dollars)

Australia
Austria
Brazil
Canada
China
Denmark
Finland
France
Germany
Greece
Hong Kong
India
Ireland
Italy
Japan
Korea
Malaysia
Mexico
Netherlands
Norway
Portugal
Singapore
Spain
Sweden
Switzerland
Thailand
UK
US

VS Index (% of total imports)

1999

2007

β1

1999

2007

β1

2,008 (20)
3,407 (19)
3,717 (18)
22,913 (3)
13,117 (10)
972 (24)
1,565 (21)
4,690 (16)
12,867 (11)
223 (28)
8,198 (13)
310 (27)
8,562 (12)
1,215 (22)
20,443 (6)
17,467 (8)
20,543 (5)
16,655 (9)
17,983 (7)
945 (25)
391 (26)
23,631 (2)
5,295 (15)
4,204 (17)
1,117 (23)
6,871 (14)
21,301 (4)
74,011 (1)

4,037 (20)
5,325 (19)
7,184 (15)
16,263 (9)
129,386 (1)
2,531 (21)
2,377 (22)
10,945 (13)
12,842 (11)
148 (28)
31,724 (6)
556 (26)
9,472 (14)
608 (25)
42,705 (3)
39,717 (4)
30,180 (7)
14,484 (10)
32,567 (5)
1,352 (24)
408 (27)
30,138 (8)
7,108 (16)
5,495 (18)
2,122 (23)
12,602 (12)
6,023 (17)
61,069 (2)

0.077b
0.067a
0.095a
−0.034a
0.296a
0.139a
0.041b
0.140a
0.025
0.255
0.176a
0.044
−0.008
−0.078a
0.082a
0.107a
0.042a
−0.022
0.095a
0.063a
0.044
0.034b
0.041b
0.045a
0.094b
0.066a
−0.163a
−0.003

3.37 (19)
5.74 (17)
9.43 (12)
11.69 (8)
10.57 (10)
2.58 (22)
6.19 (16)
1.82 (23)
3.33 (20)
0.87 (27)
12.72 (7)
1.28 (25)
20.52 (4)
0.69 (28)
9.94 (11)
21.43 (3)
40.28 (1)
16.95 (6)
11.37 (9)
3.14 (21)
1.12 (26)
33.33 (2)
4.24 (18)
7.57 (15)
1.47 (24)
19.04 (5)
7.69 (14)
8.64 (13)

3.80 (18)
4.91 (14)
13.43 (7)
5.59 (12)
30.41 (3)
4.08 (17)
4.23 (15)
2.68 (19)
1.82 (22)
0.20 (27)
28.52 (4)
0.34 (26)
13.23 (9)
0.10 (28)
13.42 (8)
21.32 (5)
33.93 (1)
8.04 (11)
12.86 (10)
2.60 (20)
0.76 (24)
31.07 (2)
2.44 (21)
5.55 (13)
1.81 (23)
14.30 (6)
0.60 (25)
4.19 (16)

−0.010
−0.024b
0.054b
−0.085a
0.126a
0.060
−0.071b
0.070a
−0.060a
0.114
0.105a
−0.194
−0.077a
−0.221a
0.027a
0.001
−0.026a
−0.090a
0.021a
−0.022b
−0.022
−0.010b
−0.078a
−0.041a
0.031
−0.047a
−0.294a
−0.068a

Source: VS data have been provided by Amador and Cabral (2009). Data for 2006 and 2007 have been estimated.
Notes: Same as in Table 1 (except t = 2000, . . . , 2007).

intermediates used in the country’s exports in levels (millions of US dollars) –
equation (5) – and the second is this value expressed as a percentage of total
imports – equation (6). In general, it seems that larger countries tend to exhibit
higher VS levels than smaller countries. This is rather expected since a higher
absolute value of intermediate imports will tend to be present in countries with
a higher absolute value of exports; countries that tend to be the larger ones.
However, there are some notable exceptions to this: Singapore and Malaysia
rank especially high in the list, whilst Brazil and India show a low ranking. Additionally, France and Germany fall rather in a medium ranking range. In 1999, the
US exhibits by far the highest VS level, whereas in 2007 the US has been overtaken by China in this respect and ranks in second place. China has witnessed
an impressive growth in her vertical specialization level over 1999–2007 with an
average annual growth rate of about 30%. In most countries, there seems to be a
general upward trend in the VS level.
As regards vertical specialization trends in relative terms, it is evident that the
South-east and East Asian countries included in our sample exhibit the highest
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VS indices. According to these results, in recent years vertical specialization is a
phenomenon that is especially important in Malaysia, Singapore, and the two
‘Chinese economies’ (mainland and Hong-Kong). Two European countries (Ireland and the Netherlands) and two Latin-American countries (Brazil and Mexico)
also show a significant VS index. There are 15 statistically significant negative
time trends in the VS share, indicating that there is to some extent a decreasing
tendency in some countries.
From examining the two tables we have some indication that countries that
exhibit a high share of electronics exports in total exports tend also to exhibit
a high VS index. This could imply that there is a positive correlation between a
country’s electronics export share and a country’s extent of VS in relative terms.
Accordingly, we would expect that highly vertically specialized countries exhibit
a higher export share in electronics goods, while countries with a low VS share
show a lower export share.
In order to examine this issue we conduct two correlation analyses. In the first
analysis, the correlation between the export level in electronics goods and the
VS level is examined (both in value, thus in absolute terms). The second analysis
involves the examination of the correlation between the electronics export share
in total exports and the VS share. Figure 3 shows the results of the two correlation
analyses, which both produce highly statistically significant Pearson correlation
coefficients. From the left panel of the figure we can see that there is a very
strong linear correlation between the value of electronics exports and the value
of the imported intermediates embodied in a country’s exports (VS level) with a
correlation coefficient of 0.926.
Additionally, it can be seen from the figure that a linear regression line has
been fitted, and thus a simple regression analysis has been also conducted with
exports as the dependent variable. The coefficient of determination for this simple
regression is also very high, 0.858, indicating that about 86% of the cross-country
variance in the export level can be explained by the variability in the VS level.
In the right panel of the figure the correlation (and simple regression) analysis
for the electronics export share and the VS index is shown. It is apparent that
there is an extremely high correlation between export share and VS share. The
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Figure 3. Vertical specialization and electronics exports.
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correlation coefficient is 0.933 and the coefficient of determination of the fitted
regression equation is 0.871.
Thus, the general picture emerging from cross-examining the two tables regarding the relationship between the export share and VS index is confirmed by our
correlation analysis. Furthermore, the analysis showed that there is also a positive
correlation between the export level of electronics goods and the level of vertical
specialization (in value terms).
4.
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4.1

VS and Export Performance: Panel Econometric Analysis
Modeling Framework

Although a correlation as well as simple regression analysis can be informative
on the co-movement and linear relationship between the underlying variables,
they are both restrictive and cannot provide the information our examination
requires. In this section, we examine with a panel-econometric model the effect of
a country’s extent of vertical specialization and participation in the international
production fragmentation on its export performance in electronics.
Before outlining our modeling framework, it could be pointed out that a general
insight of the theories on international fragmentation, presented in section 2, is
that output and exports are generally expected to increase in countries engaged in
fragmentation. Hence, VS is potentially a significant determinant of a country’s
exports, and thus we could simply include and test it in a parsimonious empirical
export model.8 However, we will proceed and examine this issue by means of
a more structural approach, where the estimating regression equation is related
and derived from a theoretical model.
A particularly relevant theoretical framework for our empirical analysis is
the reformulated and extended Chamberlin-Heckscher-Ohlin (C-H-O) model
with multinational firms and production fragmentation (Helpman & Krugman,
1987; Markusen, 2004). Without going into the details, a trade volume equation
can be derived from the C-H-O model, which basically predicts that bilateral
trade volume depends positively on bilateral economic similarity (GDPDIF), joint
economic size (GDPSUM), and bilateral production sharing activities:


VMNEij
Tij = (GDPDIFij ) · (GDPSUMij ) · 1 +
(7)
GDPj
where i and j denote home and host country, respectively, and the last term measures the extent of production sharing between i and j as performed by vertical
multinationals. From equation (7) we could estimate an export version by including the bilateral exports of all country pairs (between i and j). Notably, all variables
relate only to bilateral relations, including the measure of the extent of production
fragmentation. Since we do not have bilateral data on vertical specialization or
8A

number of empirical studies on the role of FDI (vertical or horizontal) for export performance
as well as its importance for bilateral trade volume, investigate those issues adopting this parsimonious approach without basing the regression equation directly or indirectly on a specific
theoretical model.
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some other measure of fragmentation, we cannot adopt this framework for our
econometric model.
Thus, for our empirical analysis, we apply an analytical framework of international trade that allows the use of aggregated trade data in the empirical
implementation (world exports of the countries in our sample as well as an overall
measure of a country’s fragmentation). More specifically, we base our analysis
on Goldstein and Khan’s (1978, 1985) imperfect substitutes model, where domestic and foreign goods are not perfect substitutes and each country can at the
same time be an exporter and an importer of a given traded good. The imperfect substitution assumption is particularly relevant in the case of differentiated
manufacturing products such as electronics. This model is based on conventional
consumer choice and production theory, where consumers and producers maximize utility and profits, respectively. It is represented as a system of simultaneous
equations of export demand and export supply that simultaneously determine
the export quantity and export price:


Xid = f PiX , PjX , WIi
(8)
with

∂f
∂PiX

< 0,

∂f
∂PjX

> 0,

∂f
∂WIi

>0


XiS = f PiX , Yi , Mi

with

∂f
∂PiX

> 0,

∂f
∂Yi

> 0,

∂f
∂Mi

(9)

> 0, where Xid is world export demand of country i,

PiX is the export price of i, PjX is the export price of country j (the competitors
of country i), WIi is a measure of world income (demand) related to country’s
i exports, Xis is world export supply of i, Yi is productive capacity of i, and Mi
refers to the imported inputs. Interestingly, imported inputs appear in the exports
supply function, as it is thought that those contribute also to a country’s supply
of exports (e.g. Khan & Knight, 1988; Goldstein & Khan, 1985). In our case
this will be captured by the country’s extent of vertical specialization. In this
way, we go beyond the simple positive export supply effect of general imports9
and test specifically the positive effect of international production sharing (intermediate goods imports) in the electronics and machinery sector on a country’s
electronics exports.
Besides the above discussion and that of section 2, the rationale of VS to be
included in the model can be justified also from the modified C-H-O model, as
described by equation (7). In this case if, for instance, two countries have similar
economic size and the same trade partners, but differ in the extent of production
sharing with those partners, then the country with the higher VS will exhibit a
higher overall trade volume (world trade) compared with the country with less
involvement in production fragmentation.
9 Those

include all types of inputs: raw materials, capital goods, inter-industry inputs, and intraindustry intermediate goods.
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A simple estimable version of the simultaneous equations system can usually
take the following form:
ln Xid = α0 + α1 ln PiX + α2 ln RERi + α3 ln WIi

(10)

ln XiS = β0 + β1 ln PiX + β2 ln Yi + β3 ln Mi

(11)
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where RER is the real effective exchange rate in country i. In order to estimate the
system of export demand and supply for electronics goods, we need the export
prices for those goods. Since those are not available for our sample of countries, we
solve the system of simultaneous equations to obtain the reduced-form equations,
where the export quantities and prices are expressed as functions of only the
exogenous variables of the system:
ln Xi = π0 + π1 ln RERi + π2 ln WIi + π3 ln Yi + π4 ln Mi

(12)

ln PiX = φ0 + φ1 ln RERi + φ2 ln WIi + φ3 ln Yi + φ4 ln Mi

(13)

where
α0 β1 − α1 β0
α2 β1
α3 β1
, π1 =
, π2 =
,
β1 − α1
β1 − α1
β1 − α1
α1 β2
α1 β3
, π4 = −
π3 = −
β1 − α1
β1 − α1
α0 − β0
α2
α3
φ0 =
, φ1 =
, φ2 =
,
β1 − α1
β1 − α1
β1 − α1
β2
β3
, φ4 = −
φ3 = −
β1 − α1
β1 − α1

π0 =

The reduced-form single export equation (12) serves as the basis of our regression
model and in a second stage it is augmented with additional explanatory variables
that are potentially important export determinants in electronics goods.
4.2

Econometric Specification and Methodology

The baseline specification of our econometric model of cross-country export
performance is represented by the following log-linear panel regression equation:
ln Xit = b0 + b1 ln VSit + b2 ln WIit + b3 ln Yit + b4 ln RERit + μi + εit (14)
i = 1, 2, . . ., 28
t = 2000, 2001, . . ., 2007
b1 > 0, b2 > 0, b3 > 0,

b4 < 0

where X refers either to electronics (ICT) exports or the export share (electronics
exports in total exports), i denotes countries, t stands for time period (year), μ
captures country-specific effects and ε is the stochastic error term. The regression
equation (14) is essentially equation (12), with VS having replaced M.
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We are specifically interested in the estimated parameter b1 . Since our main
testable hypothesis is that countries exhibiting a high degree of VS are expected,
ceteris paribus, to exhibit higher electronics exports than countries with a lower
extent of VS, this parameter is expected to be positive. This would indicate that VS
is a positive determinant of cross-country export performance in electronics. As
the estimable export equation (14) is in log-linear form, the estimated parameter
coefficients represent export elasticities. This allows us to evaluate the relative
impact and importance of VS on a country’s electronics exports vis-à-vis other
determinants.
To test for robustness with regard to the impact of VS, an extended model
is also estimated, in which several additional control variables are included. In
this augmented model specification the additional regressors relate to supply-side
factors, and thus would be included in the export supply equation (11), as well as
to market or demand-side factors that would be included in equation (10). More
specifically, the model is extended by including explanatory variables such as
national technological capability and productivity (NTC), foreign market access
(FMA), and internal geography (GEO).
Although, with fragmentation, the overall production process of electronics
goods cannot be considered as technology-intensive, technology-related factors
may still be relevant to some extent. An improved technological capability and
production structure would be associated with increased productivity, resulting
in Ricardian comparative advantage. This implies that technology-related factors may not only be relevant for certain knowledge and innovation-intensive
segments. Rather, technology may have a more general positive effect on a country’s productivity regardless in which particular segment it specializes, and hence
on a country’s international competitiveness and export performance.
Thus, our technology variable corresponds more to the notion of a country’s
technological and productive capabilities (Lall, 1992), which reflect technological
advancements in the production organization, which raise productivity levels.
According to Lall (1992) those capabilities are mainly determined by the country’s
technological effort and investment in physical and human capital.
The remaining two control variables to be included in the augmented model
relate to economic geography factors. Those factors are particularly stressed
by recent advances in the theoretical and empirical literature on geography and
trade. More specifically, Redding and Venables (2002) develop a theoretical model
of cross-country export performance and derive from it an empirical log-linear
export equation. According to their model, export performance is explained by
the exporting country’s supply capacity, FMA (reflecting external geography),
internal geography, and comparative cost of exporting (reflecting comparative
cost advantage).
Notably, our baseline export equation resembles (to some extent) the specification of Redding and Venables (2002), where supply capacity and comparative
cost advantage (proxied here by RER) are also included. Furthermore, our model
becomes even more similar with the addition of the two economic geography
variables (FMA and GEO).
The FMA variable, which is related to the notion of market potential of Harris
(1954), reveals a country’s extent of access to international markets, taking into
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account the relative geographical position and trade costs of an exporting country
to the foreign markets. A good market potential or access within a region (here
the world economy) shows that an exporting country is geographically close to
(and/or exhibits low trade costs with) major consumption markets (within the
world economy), and thus is expected to have a positive impact on the country’s
export performance.
Lastly, the costs associated with getting the goods that are produced in exporting country i to its border (for subsequent exporting) represents the internal
geography of this country (GEO). This internal geography of trade flows is a
kind of internal transport cost, which is relevant to a country’s export sector, and
thus (along with other factors) also determines the nation’s export performance.
A favorable internal geography (low internal transport cost) has a positive impact
on a country’s exports.
Thus, the augmented model is represented by the following equation:
ln Xit = b0 + b1 ln VSit + b2 ln WIit + b3 ln Yit + b4 ln RERit
+ b5 ln NTCit + b6 ln FMAit + b7 ln GEOit + μi + εit

(15)

where
i = 1, 2, . . ., 28
t = 2000, 2001, . . ., 2007
b1 > 0, b2 > 0, b3 > 0,

b4 < 0,

b5 > 0,

b6 > 0,

b7 > 0

and where NTC, FMA, and GEO are the additional independent variables in
the export equation, and represent a country’s national technological and productive capabilities, foreign market access, and internal geography, respectively.
We estimate two models for both specifications (basic and extended). The first
model refers to the standard export equation, where the dependent variable is the
export level and the VS variable is also expressed in level form – equation (5). The
second model uses as the dependent variable a country’s electronics exports in
total country exports and the VS variable is expressed as a share in total imports
– equation (6).
The inclusion of the country-specific effects is particularly important in order to
control for omitted variables bias as well as to account for unobserved individual
heterogeneity. Hausman tests are conducted in order to reveal the appropriate
panel specification (fixed or random effects). The null hypothesis of the Hausman
test that the individual specific effects are uncorrelated with the regressors is
clearly rejected in both regressions. Thus, the models are estimated with the
fixed-effects panel estimator. Additionally, panel robust-standard errors are used
to correct for heteroskedasticity, and the residuals are adjusted to follow an AR(1)
process in order to control for the presence of first-order serial correlation:
εi,t = ρεi,t−1 + ui,t

(16)

where |ρ| < 1 and ui,t is i.i.d., ui,t ∼ N(0, σ 2 ).
Besides the above issues and corrections regarding our panel-econometric estimation, we have also to take into account the potential endogeneity problem
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associated with the VS variable in the export equation. It has to be noted that
our measure of VS is not expressed in terms of exports or includes export values
directly. It is rather expressed in terms of imports that surpass a certain threshold
level, where the import value above this level is considered to be the imported
intermediates used in a country’s exports. Even in this case, it is still possible that
the VS variable is endogenous.
Therefore we conduct Durbin-Wu-Hausman endogeneity tests for both VS
measures (used in the two models in level and share form) in order to check for
the exogeneity of our main explanatory variable of interest. In the panel fixedeffects model the consistency of the estimation results with respect to the VS
variable and the other regressors rests on the assumption of exogeneity. In case
of an endogeneity problem, the appropriate estimation method for our model
is panel instrumental variables (IV) estimation. In order to perform this test we
have to estimate the Panel IV as well as standard fixed-effects models. We have to
choose suitable instrumental variables for our suspected endogenous VS variable
to estimate the panel IV (2 stage least squares) model. The instruments have to
be sufficiently correlated with the instrumented (endogenous) variable and at the
same time uncorrelated with the error term of the second-stage regression.
We base the choice for the appropriate instruments on trade theory. In particular, as already discussed in section 2, the motivation for vertical specialization
(production fragmentation) is found in the different labor skills and factor proportions requirements of different fragments. Consequently, the larger the differences
in labor skills-productivities and relative factor endowments between a country
and its trade partners, the larger the economic rationale for (and gains from)
vertical specialization.
This, in turn, implies that the overall extent of VS will be higher for a
country with such large skill and endowment differences. Thus, the two comparative advantage related instrumental variables that influence a country’s extent
of vertical specialization are a country’s overall extent of differences in labor
skills-productivities and relative factor endowments with its trade partners.
Besides the above two variables, we include a third instrument, which from
a theoretical as well as empirical point of view is very important with regard
to production fragmentation. This variable is the cost of the service links that
are required for the connection of the different production segments produced
in different countries. These service link or coordination costs have a negative
impact on the degree of fragmentation. Consequently, countries where the coordination costs are high are expected to be less involved in international production
fragmentation, whilst countries with low service link costs and advanced logistics infrastructure are expected to be relatively more engaged in fragmentation
activities.
Jones et al. (2005) test empirically this hypothesis of the negative effect of service link costs on a country’s intra- and extra-regional vertical trade for NAFTA,
EU, and East Asian countries. They find that coordination costs (proxied by average business connection charges) have a significantly negative influence on trade
in parts and components. In East Asia, the expansion of international production fragmentation has been largely facilitated and driven by the development of
specialized and low-cost logistics and supply chain networks (Hiratsuka, 2008).
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Thus, a country’s coordination and service link cost is certainly relevant with
regard to the country’s extent of vertical specialization.
The endogeneity tests reveal that the VS variable in both models (in level
and share form) is endogenous and thus panel IV estimation is required. As
we have data for all variables except for VS for the year 2008, we estimate also
the two models for the 2000–2008 period by including a time-lagged VS variable (VSt−1 ). Hence, in equations (14) and (15) VSt is replaced by VSt−1 , where
t = 2000, 2001, . . . , 2008. In this way, we increase our observations and sample
period, including thereby also the most recent data year available. Furthermore,
we can check whether or not the time-lagged VS variable removes the endogeneity
problem, and consequently proceed with the appropriate panel econometric techniques. As it turns out that the time-lagged VS variable is exogenous, the models
over the 2000–2008 period are estimated by standard panel fixed-effects methods.
4.3 Variables and Dataset Construction
As already mentioned, the export data for the two dependent variables are taken
from the WTO international trade statistics database, and the two VS measures,
as given by equations (5) and (6), come from Amador and Cabral (2009).
The world income (demand) variable (WI) for country’s i electronics exports is
defined as the gross national income (GNI) of 49 partner countries (that account
for about 99.9% of world ICT imports) weighted by the bilateral imports of each
of those 49 countries from country i. Thus, the WI for each exporting country i
is a weighted average of the GNI of 49 countries.10
This measure varies across our sample of exporting countries rather than being
the same for all i in each particular year (as it would be if we used a single world
GNI). Hence, the overall measure of world income for each exporting country
entails bilateral information and is therefore appropriate and relevant for the
country’s exports. The GNI variable is expressed in current international dollars
using purchasing power parity rates and is obtained from the World Bank’s World
Development Indicators (WDI) database. The bilateral import data are taken
from the United Nations’ COMTRADE database.
In our model, the productive capacity (Y) of the exporting country should
ideally reflect the country’s supply capacity in electronics goods. However, even
when combining data for the value added (VA) in electronics-related sectors from
various sources such as WDI, OECD STAN database, and UNIDO Industrial
Statistics, we are left with several countries with missing values over the whole
sample period. To determine whether the VA of manufacturing (MVA), for which
we have data for all countries, is a satisfactory proxy for electronics VA we
perform a correlation analysis between MVA and a measure of VA related to
electronics sectors.
As the data for the combined VA in ISIC sectors 30, 31, and 32 are only available
for a small number of countries in our sample, the VA in machinery and transport
10 We have bilateral data for 50 countries, in which our 28 exporting countries used in the econometric analysis are included. Thus, our 28 exporting countries have 49 partner countries, some of
which are countries that are included in the regression.
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equipment (MTVA), for which we have data for more countries, is chosen as the
relevant electronics measure for the correlation analysis.11 We find that there is a
highly statistically significant and strong correlation between MVA and MTVA
(ρ = 0.724), and thus MVA is included in the regression analysis as the productive
capacity variable. MVA is expressed in US dollars and is obtained from the WDI
database.
The real effective exchange rate (RER) variable is expressed as an index, where
the base year is 2005. The price deflator used for the calculation of the real effective
exchange rate is the consumer price index (CPI). A fall or depreciation of the RER
variable indicates an improvement of a country’s international competitiveness,
whereas an increase indicates the opposite. The data source for most countries in
our sample is the IMF’s International Financial Statistics (IFS) database, except
for Brazil (which is Banco Central do Brasil), Hong Kong (Hong-Kong Monetary
Authority), India (Reserve Bank of India), Korea, and Mexico (both OECD.Stat
database), and Thailand (Bank of Thailand). Where necessary, the RER indices
have been re-indexed to the year 2005, so that for all countries we have the same
base year.
Our national technological capability and productivity (NTC) variable is a
composite of three factors that determine a country’s NTC. As already discussed,
Lall (1992) identifies technological effort and innovation, physical capital accumulation, and investment in human capital as the three main factors for a country’s
success with respect to NTC. We proxy technological effort, physical capital, and
human capital by the research and development (R&D) expenditure, the gross
fixed capital formation (GFCF), and the public spending on education (PSE),
respectively (all in US dollars).12 The final resulting NTC variable is calculated
as a weighted average with the following weights: R&D (0.5), GFCF (0.2), PSE
(0.3). These particular proxies have also been chosen because they are available
for all countries in our sample. The data are obtained from the WDI database
except for China’s PSE which is taken from Barnett and Brooks (2010).
A country’s foreign market access (FMA) in our case has to reflect this access
specifically with respect to international markets for electronics goods. Thus,
general expenditure (such as GDP) is not appropriate to be used as the relevant
expenditure measure, indicating the market size of the partner countries. The
consumption market size should relate to electronics goods, and therefore we
take the ICT expenditure within a country as our relevant measure. The FMA for
each exporting country i is calculated as follows:
n
j=1 ICTj
FMAi =
, i  = j, n = 49
(17)
dij
where ICT is the ICT expenditure (in current US dollars), j denotes the 49 partner
countries with which the FMA variable for country i is constructed, and dij is the
11 The electronics-related sectors are ISIC 30 (Office, accounting and computing machinery), ISIC
31 (Electrical machinery and apparatus), and ISIC 32 (Radio, TV and communication equipment).
12 Variables initially expressed as a share (percentage of GDP) have been converted to level form in
US dollars.
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weighted bilateral geographical distance between i and j. This distance measure
is not simply the distance between the capitals of i and j, but between the major
cities of those two countries, where the inter-city distances have been weighted
by the city’s share in total country population.13 The data on ICT expenditure
are taken from the WDI database and those on bilateral distances from the CEPII
geography and distance database.
Our last explanatory variable internal geography (GEO) is calculated as a
composite of three variables: road density (DEN), telephone lines per 100 people
(TEL), and percentage of the population living within 100 kilometers of the coast
(POP). Redding and Venables (2002) use only POP to proxy GEO in their crosssection analysis. Since POP is only available for a reference year, we cannot use it in
our panel-econometric analysis as it is time-invariant. Therefore, we construct a
more comprehensive GEO variable, where internal transport cost is also reflected
by DEN and TEL.
These infrastructure-related variables certainly have an effect on a country’s
internal geography. We assume that POP does not change over our time period
and calculate the GEO as a weighted average with the following weights: DEN
(0.25), TEL (0.25), POP (0.5). DEN and TEL are obtained from the WDI database
and POP is taken from the Compendium of Environmental Sustainability Indicator Collections, Socioeconomic Data and Applications Center, Center for
International Earth Science Information Network, Columbia University.
Regarding our instrumental variables, the labor skill-productivity is proxied
by the country’s labor cost in the manufacturing sector and the relative factor
endowments by the capital-labor ratio. Here, capital is measured by the gross fixed
capital formation and labor by the country’s labor force. For the calculation of the
overall extent of a country’s differences in those two variables, we first calculate
the bilateral differences between the 28 exporting countries in our regression
sample with 35 partner countries. The final measure for both variables is a tradeweighted average of the bilateral differences. For the construction of those two
variables we have used data from the labor statistics database (LABORSTA) of
the International Labor Organization and the WDI database of the World Bank.
Additionally, the bilateral trade data required for the calculation of the final
overall measure come from the UN COMTRADE database.
Our third instrument, service link and coordination costs, is proxied by the
average cost to export and import (US dollars per container) divided by the
logistics performance index (LPI). Instead of using the overall LPI, we use the LPI
index in the category ‘quality of trade and transport-related infrastructure’. The
separate data available for cost to export and cost to import (per container) are
used to create an overall average measure of trade cost relevant for supply chain
services and fragmentation activities. This cost affects adversely a country’s extent
of vertical specialization.
The LPI takes a continuous value from zero to five, where a higher value indicates a higher quality. A country with a high LPI value is more likely to exhibit
the skills and infrastructure with regard to the supply chain services required
for production fragmentation. Consequently, the LPI correlates positively with a
13 For more on this and the methodology for calculating those distances see Head and Mayer (2002).
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country’s degree of participation in vertical production networks. This is reflected
in the overall measure of service link costs, in which costs and quality are both
taken into account.14 Since the LPI is the denominator in our constructed variable,
a higher quality (LPI) makes the overall service link cost measure smaller.
In principle, we could just use the LPI to proxy for this instrument. However,
the LPI is only available for one year, and therefore we construct the measure in
the above-described way. We assume that the LPI is constant (does not change
significantly) during our sample period and the time variation of the measure
comes from the cost to export and import. Besides this data issue, the added
benefit of having such a measure is that it takes into consideration both costs and
quality. The required data are obtained from the WDI database.
For all the above-described variables, we construct a comprehensive and fully
balanced panel dataset for 28 countries over the 2000–2008 period. This has
been accomplished by obtaining data from various international databases and
national sources and filling in the missing values by linear or polynomial interpolation techniques. The interpolation method used for any given variable has been
based on the given data structure and the associated goodness of fit. An extrapolation technique similar to the above-described interpolation has been applied to
our VS measure in order to extend the sample period for this variable. For reasons
of precision and error minimization, this extension has been restricted to only
two years (up to the year 2007).
4.4

Regression Results

We have eight sets of empirical results that are presented in Tables 3 through 6.
More specifically, the first two tables refer to the panel IV models in level and
share form for both the basic as well as the extended specification. The remaining
two tables pertain to the level and share models with the time-lagged VS variable
and the extended sample period 2000–2008.
Turning first to the export level model for the 2000–2007 period (Table 3), it is
apparent that the panel IV (2-stage least squares) model with the given instruments
is indeed the appropriate estimation method. The null hypothesis of the DurbinWu-Hausman (DWH) endogeneity test that the VS-level variable is exogenous is
rejected at the 1% level (with a χ 2 (1) test statistic of 19.6). Furthermore, the null
hypothesis of the Sargan test of overidentifying restrictions that our instruments
are valid (uncorrelated with the error term) is clearly not rejected (the p-value is
about 0.74). Thus, the three instrumental variables used in the panel IV model
are valid. According to the F-test for the joint significance of the instrumental
variables, our instruments are clearly relevant, and thus there is no weak instrument problem (the instruments are also individually highly correlated with the
VS variable).
It is evident that vertical specialization has a strong and statistically significant
effect on a country’s electronics export level. The export elasticity in the basic
specification is about 1.5, indicating that a 1% increase in the VS level causes a
14 Nordas (2008) emphasizes specifically the importance of the quality of infrastructure for vertical

specialization.
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1.5% increase in a country’s ICT exports. All control variables show the expected
coefficient signs and are statistically different from zero at various levels of significance. The world income-demand variable exerts the strongest influence on a
country’s export level. The estimated income elasticity of demand for ICT exports
is found to be close to 1.6. Supply capacity also exercises a rather strong effect
on electronics exports with an elasticity of 1.2, whilst the impact of relative price
competitiveness (REER) is much smaller.
These results are found to be robust in the extended specification, where the
elasticities of the basic predictors show only a miniscule fall. The impact of a
country’s VS level on electronics exports is still strong and statistically significant.
As regards the additional regressors, foreign market access and internal geography
exhibit rather high and significant elasticity coefficients, whereas the national
technological capability and productivity variable is found to be insignificant.
In the export share model, shown in Table 4, the panel IV estimator with
country-specific fixed-effects is also found to be the correct panel-econometric
method. The DWH endogeneity test rejects that the VS share variable is exogenous. However, in this case we can reject the null hypothesis only at slightly above
the 5% level (p = 0.056). Regarding the validity and relevance of our instruments,
the relevant diagnostic tests confirm that there is no problem with the instrumental
variables.
We find that a country’s VS share affects positively the country’s export share.
The size of this effect is large, but not as large as in the export level model.
The estimated elasticity suggests that a 1% rise in a country’s share of vertical
specialization-based imports in total imports promotes an increase in the country’s share of electronics exports in total exports of about 1.3%. This effect is
statistically significant at the 5% level and represents the strongest deterministic
factor of a country’s relative ICT export performance within our model. With
regard to the control variables, the world income-demand variable is found to
exert no significant effect, suggesting that it does not constitute a determinant of
a country’s export share in electronics. A country’s supply capacity, which here in
the export share model is defined as the MVA to GDP ratio and therefore labeled
as relative, has also a positive and significant elasticity.
The price competitiveness is found to be significant slightly above the 10% level
with a rather low elasticity estimate. Overall, the model’s goodness of fit is pretty
high, but lower compared with the export level model. The findings are robust,
as in the extended specification, no significant changes occur with respect to our
basic regressors, except for the REER variable, which becomes insignificant. The
elasticity of the VS share variable drops slightly, but is still significant at the 5%
level. Regarding the additional predictors, the internal geography variable appears
to be the most significant with the strongest effect, whereas national technology
is found to be statistically zero and FMA is only marginally significant at the
10% level.
Table 5 reports the results for the fixed-effects export level model with the timelagged VS level variable, which is estimated for the period 2000 to 2008. Since the
null hypothesis of the DWH endogeneity test that the time-lagged VS level variable
is exogenous is not rejected, the model is estimated with the standard fixed-effects
panel estimator. It is found that the time-lagged VS level variable exerts a strong
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and highly statistically significant effect on a country’s electronics exports. The
coefficient estimate suggests that a 1% rise in the extent of a country’s vertical
specialization raises ICT exports by 0.82%. The magnitude of this positive effect
is, however, much smaller than the one found in the panel IV export level model.
The income elasticity of demand for electronics exports is found to be about
0.93. Thus, world income represents the relatively most important determinant
of a country’s export performance. Supply capacity also determines positively the
export level with an estimated elasticity of about 0.76, whilst relative price competitiveness has a statistically significant but rather low elasticity. These findings
are robust in the extended specification. Although all three additional regressors are significant, the estimated coefficients indicate that their influence on a
country’s ICT export level is rather weak.
Finally, the findings with regard to the impact of the time-lagged VS share on
a country’s electronics export share are shown in Table 6. The VS share (t − 1)
variable is also found to be exogenous according to the DWH endogeneity test.
Consequently, the fixed-effects estimator is preferred over the inefficient instrumental variables (2SLS) estimator in the export share model as well. The baseline
model specification predicts that, on average, a 1% increase in a country’s VS
share causes an increase in its export share in electronics by 0.75%. Furthermore,
a similar change in the relative supply capacity and the price competitiveness
causes a country’s ICT export share to change by +0.7% and –0.1%, respectively.
The augmented specification does not alter the results, with the exception of producing a statistically insignificant coefficient for REER. Technology is found to
Table 3. Impact of VS level on electronics export level, Panel IV Model, 2000–2007
Basic specification
Explanatory variables
VS Level
World Income (demand)
Supply Capacity
REER
National Technology
Foreign Market Access
Internal Geography
AR(1)
Statistics/Tests
Adjusted R2
F-statistic
DW-statistic
DWH χ 2 (1) test
Sargan χ 2 (2) test
F(3, 161) instruments

Extended specification

Coefficient

Significance

Coefficient

Significance

1.490
1.575
1.206
−0.637

0.043
0.039
0.022
0.080

0.513

0.000

1.437
1.496
1.162
−0.621
0.395
0.838
0.709
0.490

0.040
0.037
0.034
0.086
0.117
0.073
0.041
0.000

0.978
419.9
2.112

0.000

10.734

0.000

0.977
459.4
2.114
19.619
0.594
10.734

0.000
0.000
0.743
0.000

Notes: Total Panel Observations: 224; AR(1) Adjusted Observations: 196. Dependent variable is a country’s
electronics (ICT) export level. DW stands for the Durbin-Watson test for serial correlation. DWH χ 2 (1) is the
Durbin-Wu-Hausman χ 2 endogeneity test for the vertical specialization variable in the basic specification.
Sargan χ 2 (2) is a test of overidentifying restrictions for our instrumental variables, testing the validity of the
instruments used. F(3, 161) is a F-test (with the given degrees of freedom) for the joint significance of the
instrumental variables used in the first-stage regression. Results for the constant are not shown.
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have no effect at all on the export share, whilst FMA and geography exhibit low
elasticities.
From comparing and cross-examining all the above results, we firstly notice
that the coefficient estimates of the panel IV models are generally much larger
than the ones from the fixed-effects models with the time-lagged VS variable.
Moreover, within each of the two estimation methods, the export level models
Table 4. Impact of VS share on electronics export share, Panel IV Model, 2000–2007
Basic specification
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Explanatory variables
VS Share
World Income (demand)
Relative supply capacity
REER
National Technology
Foreign Market Access
Internal Geography
AR(1)
Statistics/Tests
Adjusted R2
F-statistic
DW-statistic
DWH χ 2 (1) test
Sargan χ 2 (2) test
F(3, 161) instruments

Extended specification

Coefficient

Significance

Coefficient

Significance

1.286
0.380
1.097
−0.378

0.046
0.477
0.035
0.101

0.464

0.000

1.191
0.369
1.066
−0.208
0.243
0.515
0.664
0.597

0.048
0.495
0.039
0.294
0.471
0.097
0.043
0.000

0.949
323.0
1.950

0.000

10.236

0.000

0.947
351.9
1.963
3.627
2.652
10.236

0.000
0.056
0.265
0.000

Notes: Same as in Table 3 except dependent variable is a country’s electronics (ICT) exports in total exports.

Table 5. Impact of time-lagged VS level on electronics export level, fixed-effects model, 2000–2008
Basic specification
Explanatory variables
VS Level (t − 1)
World Income (demand)
Supply Capacity
REER
National Technology
Foreign Market Access
Internal Geography
AR(1)
Statistics/Tests
Adjusted R2
F-statistic
DW-statistic
FE-test χ 2 (27)
DWH χ 2 (1) test
Sargan χ 2 (2) test

Extended specification

Coefficient

Significance

Coefficient

Significance

0.818
0.926
0.762
−0.279

0.000
0.000
0.000
0.028

0.904

0.000

0.804
0.923
0.713
−0.242
0.176
0.358
0.261
0.882

0.000
0.000
0.000
0.030
0.094
0.025
0.002
0.000

0.986
494.2
2.005
91.6
0.473
3.044

0.000
0.000
0.491
0.218

0.986
459.5
2.043
93.7

0.000
0.000

Notes: Total Panel Observations: 252; AR(1) Adjusted Observations: 224. The Durbin-Wu-Hausman χ 2 endogeneity test is for the time-lagged vertical specialization variable. FE-test is a test for the significance of the
fixed-effects. Other notes are same as in Table 3.
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Table 6. Impact of time-lagged VS share on electronics export share, fixed-effects model, 2000–2008
Explanatory
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variables
VS Share (t − 1)
World Income (demand)
Relative supply capacity
REER
National Technology
Foreign Market Access
Internal Geography
AR(1)
Statistics/Tests
Adjusted R2
F-statistic
DW-statistic
FE-test χ 2 (27)
DWH χ 2 (1) test
Sargan χ 2 (2) test

Basic specification

Extended specification

Coefficient

Significance

Coefficient

Significance

0.745
0.134
0.698
−0.109

0.000
0.298
0.000
0.092

0.832

0.000

0.711
0.125
0.684
−0.067
0.115
0.229
0.240
0.785

0.010
0.313
0.010
0.198
0.147
0.053
0.010
0.000

0.983
431.7
2.089
79.8
0.457
3.275

0.000
0.498
0.194

0.984
405.1
2.022
96.2

0.000
0.000

Notes: Same as in Table 5 except dependent variable is a country’s electronics (ICT) exports in total exports.

(Tables 3 and 5) produce higher elasticities and more significant results and overall
model fit than the export share models (Tables 4 and 6). With regard to the effect of
vertical specialization it is discovered that it constitutes the most important export
determinant in the share model and the second most important factor in the
level model. Averaging over the two main sets of results from the two alternative
estimation methods, the VS level and VS share variables have an average elasticity
of about 1.15 and 1.02, respectively.

5.

Concluding Remarks

Our empirical examination of the role and quantitative impact of vertical
specialization on a country’s electronics exports has been motivated mainly by
two important facts. First, the production of electronics goods has been internationally fragmented with increasing intensity in recent years, leading to the
creation of regional and global vertical production networks. Secondly, descriptive observations show that countries participating in fragmentation activities
export a substantial amount of electronics and ICT-related goods. The more
recent and prominent example is China.
Our main hypothesis being tested empirically is that countries with a high
degree of vertical specialization exhibit a higher export performance in electronics
compared with countries with no or little participation in vertical production
networks. Various trade theories that explicitly take into account and examine
fragmentation lend in one way or another support for such a prediction. However,
the investigation of this issue requires a rigorous empirical analysis, which has
to include the most important ICT exporting countries, both developed and
developing ones.
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The findings of our panel-econometric cross-country analysis suggest that
vertical specialization plays a significant role for export performance in electronics. The empirical evidence indicates that VS exerts a particularly strong
positive effect on a country’s electronics exports. This effect is found to be relatively stronger for a country’s VS level on its export level than for a country’s VS
share on its export share. Hence, a country’s involvement in vertical production
networks (in absolute or relative terms) constitutes a crucial cross-country determinant of export performance in electronics goods. This applies for developed as
well as developing countries, as our analysis includes both sets of countries.
Furthermore, our study implies that the extent of a country’s vertical
specialization may become increasingly important as a factor of export performance. This is because the deepening globalization process creates evermore
opportunities for finer fragmentation, leading to potentially increased productivity and cost saving gains. Additionally, vertical production networks are
expanding and include an ever-increasing number of countries that provide lowcost intermediates to be used by other countries’ exports. All the above imply that
intra-product specialization in electronics goods will be the dominant pattern of
specialization across countries. Finally, our empirical study hints at an important
policy implication. Countries may have to pursue policies that promote a more
extensive involvement in global production fragmentation in electronics in order
to improve or sustain their export performance and international competitiveness.
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