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Abstract The practice of using Revealed Comparative Advantage (RCA) Indices to
determine the flow of goods trade among countries is well established. But an impor-
tant issue that demands attention is whether the RCA indices reflect the essentials of
comparative advantage theory. Deb and Basu Foreign Trade Rev 46(3):3–28, (2011)
examined the consistency of alternative RCA indices with the Heckscher-Ohlin theory
of comparative advantage, leaving scope for re-examination of the indices in the
context of the Ricardian comparative advantage theory, which insists on relative factor
productivity differences among countries contrary to Heckscher-Ohlin’s relative factor
endowment differences. The other issue which has been overlooked in much of the
existing literature is the importance of value-added trade. With the growing importance
of global production chains, RCA indices based on gross export values may not portray
an accurate picture of the underlying comparative advantage of countries. In this
context, adjusting the RCA indices to incorporate domestic value-added in exports
seems to be quite relevant. This paper explores the consistency of RCA indices based
on domestic value-added in exports with the Ricardian theory of comparative advan-
tage using a panel data approach. A brief review on the structures of alternative RCA
indices is also provided. The Log-of-Balassa index is found to be the best performer in
this empirical examination, although the deficiencies of the index for cross-country or
cross-commodity comparison must be acknowledged. The index of Yu et al. Ann Reg
Sci 43(1):267–282, (2009) does possess the latter feature but in our study its
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performance is quite poor and hence its consistency with the Ricardian theory of
comparative advantage is questionable.

Keywords Revealed comparative advantage index . Ricardian theory . Exports .

Value-added exports

JEL Classification F14 . C12

1 Introduction

In the literature on international trade theory a considerable volume of work has been
devoted on the determination of factors that drive the flow of trade between countries.
The theories in this area explore the reasons behind a particular country exporting one
good while importing another from its trading partner. In contrast to Adam Smith’s
theory on absolute cost advantages in trade, David Ricardo recognized in 1817 that in a
two country – two commodity framework, even if one country has an absolute cost
advantage in both the commodities, it is possible for it to engage in gainful trade with
the other country if each country specializes in the production of the product in which
they have a comparative cost advantage. This idea came to be widely known as the
Ricardian comparative advantage theory of trade. In the Ricardian model, comparative
advantage is the outcome of the differences in technology or labour productivity
between countries, assuming labour to be the only factor of production. Later Eli
Heckscher (1919) and Bertil Ohlin (1933) focused on the relationship between the
composition of a country’s factor endowments and the flow of commodity trade, and
the Heckscher-Ohlin model developed thereby identified comparative advantage as the
outcome of differences in relative factor endowments between countries.

Thus, while both of these two theories predict that trade is driven primarily by the
principle of comparative advantage, they make different assumptions about what lies
behind comparative advantage. The Ricardian model focused on differences in labour
productivity as the main driver of comparative advantage, without reference to the
relative factor endowments of countries. On the other hand, Heckscher and Ohlin, as
noted above, focused on differences in factor endowments (such as capital, labor, and
natural resources) across countries and, for tractability purposes, assumed that factor
productivity was roughly the same across countries. Subsequent research has shown
(see Bowen et al. 1987; Trefler 1995) that this last assumption has severely hampered
the empirical performance of the Heckscher-Ohlin model, thus highlighting the impor-
tance of technological differences. Trefler (1995) shows the predictions of the model to
improve with the incorporation of productivity differences across countries. It seems
thus, both differences in technology and factor endowments across sectors and coun-
tries are important determinants of the pattern of trade between countries. Hence it is
quite logical to claim that a complete description of comparative advantage needs to
account for both the Ricardian and Heckscher-Ohlin theories.

While theories describing the idea of comparative advantage have been developed,
an important question that arises in this context is how to apply this idea in determining
the comparative advantage of countries in real world. The issue was addressed with the
development of the Revealed Comparative Advantage (RCA) Index of Balassa (1965),
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which is an index based on gross export values. The index has been extensively used in
the literature for determining the export potential of various countries in various
products. But as subsequent discussions would reveal, the index has been subjected
to various criticisms, and its applicability towards cross-country or industry compari-
sons has been questioned. These critics recommended several alternative RCA indices
to address one or more shortcomings of the Balassa’s index. However, empirically
examining and comparing the consistency of various RCA indices with the theories of
comparative advantage has rarely been attempted.1

Deb and Basu (2011) made an attempt in this regard by empirically analysing the
consistency of the existing RCA indices based on gross export values with the
Heckscher-Ohlin model. However, their analysis left behind a few gaps which have
been addressed in this paper. First, their paper explores only the consistency of RCA
indices with the Heckscher-Ohlin model. Second, being a cross sectional analysis, their
results are based on limited number of observations. Third, and most importantly, in the
event of growing importance of global production chains, an analysis of RCA indices
that are based solely on gross export values is questionable. With global value added
supply chains gaining more and more prominence, reconstructing the RCA indices
using value-added in export values rather than gross export values and examining their
performance, is perhaps a better way to proceed. This paper thus tries to address the
three points above. We therefore perform a panel data analysis in order to check the
consistency of the RCA indices based on value-added in exports, with the Ricardian
theory on comparative advantage, with the primary objective of identifying an index
which is most compatible with the theory. We also simultaneously study the features of
alternative RCA indices. An index which performs well in the empirical analysis and
has desirable structural features could be reliably used for determining the comparative
advantage of countries in various products. It is to be noted, in this paper we restrict
ourselves to export based indices only due to their extensive use in the literature.2

Section 2 of this paper contains a brief review of the alternative RCA indices to be
studied in this paper, and generalizes the importance of adjusting RCA indices to take
into account the growth of multinational production chains. Section 3 describes the
methodology applied and the sources of data. Section 4 empirically analyses the indices
based on value-added in exports, and thereby identifies the RCA index which is most
consistent with the Ricardian theory. Section 5 performs a robustness check on the
results generated in section 4. Section 6 concludes the paper by citing the difficulty in
selecting one particular index which has all the features of an ideal index and at the
same time would be empirically consistent with the theory on comparative advantage.
Any researcher’s choice of a particular index would ultimately be determined by the

1 In a theoretical study, Hillman (1980) explored the relation between Balassa’s RCA index values and
comparative advantage as indicated by the pre-trade relative prices and failed to establish their one to one
correspondence under all circumstances. His idea has been extended by Bebek (2011) in the context of other
export based RCA indices.
2 An earlier version of this article looked at the possibility of incorporating imports and exports into our RCA
indices. Theoretically, using net exports rather than gross exports as the basis of a measure of comparative
advantage might be desirable in sectors with large amounts of intra-industry trade and re-exports. However,
converting all of our indices was difficult given that some of our indices are in ratio form, while others are in
deviation form, forcing us to adopt the approach of Vollrath (1991) regarding the incorporation of imports in
the indices. Furthermore, our studies in this area yielded little real impact on our primary results.
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objectives of the researcher and could therefore result in favoring one feature over the
other in order to meet the needs of the policy makers.

2 The evolution of RCA indices and value-added trade

The RCA index of Balassa (1965) has been extensively applied throughout the
literature on international trade. Stated in ratio form, the index measures the level by
which exports of a particular commodity by a country relative to its total exports exceed
the exports of the same commodity by all countries relative to their total exports. The
index takes the following form:

X i
a=X
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X w
a =X

w
t

ð1Þ

Where X refers to exports, i denotes a specific country, and w stands for the world
totals (or the sum of all countries on which data are available). Subscripts a and t refer
to a particular commodity and to all traded commodities, respectively. Country i has a
comparative advantage (disadvantage) in product a if the index takes a value greater
(lesser) than unity.

The index of Balassa was later criticized in the literature for various reasons and
several alternatives were suggested at different points to address these issues. For
instance, Dalum et al. (1998) and Laursen (1998) noted that the Balassa index is
asymmetric. Countries that have a revealed comparative disadvantage in the production
of a good will have an index value between 0 and 1, while countries that have a
comparative advantage in the production of a good will have a value between 1 and
infinity. Consequently, they suggested a quasi-logarithmic transformation of the
Balassa’s index, called the Revealed Symmetric Comparative Advantage (RSCA)
index, with the aim of making Balassa’s inherently asymmetric distribution symmetric,
and thereby generating a normal distribution for the resulting index.3 The index takes
the following form:
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The index is symmetric about the value zero, the comparative advantage neutral
point. In an attempt to establish the superiority of their index over the index of Balassa,
Laursen estimated separate Galtonian regressions by incorporating each index.4 Using

3 This move was primarily aimed at ensuring the reliability of the corresponding regression estimates.
4 The concept of Galtonian regression was first adopted by Hart and Prais (1956) from Galton’s (1889)
methodology while studying the heights of fathers and sons and analyzing size wise concentration. Since then,
the Galtonian regression method has been extensively employed in the literature to examine technological
specialization patterns (Cantwell 1989), convergence of productivity levels over time (Hart 1995) and changes
in the structure of trade specialization using RCA indices (Dalum et al. 1998; Laursen 1998; Frantzen 2008;
Sharma and Dietrich 2007; Sanidas and Shin 2010, 2011).
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Jarque-Bera test for normality of estimated residuals, Laursen proved that the RSCA
index outperforms the Balassa’s index.

Balassa’s index is characterized by unstable distributions both across countries (with
respect to commodities) and across commodities (with respect to countries) due to its
unstable mean. In order to make the distribution of Balassa’s index stable with respect
to countries, Hoen and Oosterhaven (2006) suggested an Additive Revealed Compar-
ative Advantage (ARCA) index.5 Their index, stated in deviation form, measures the
extent to which the exports of a commodity by a country relative to its total exports,
exceed the exports of the same commodity by all countries relative to their total
exports. The index takes the following form:

X i
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X i
t
−

Xw
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Xw
t

ð3Þ

The index is symmetric about the value zero. However as pointed out by Yu
et al. (2009) while this particular index could be compared across commodities
for a country, its comparability across countries is doubtful. The arithmetic mean
of the index values across countries for a commodity would never be zero and
would vary from commodity to commodity, which in effect implies an unstable
distribution across countries.

In another paper by Vollrath (1991), the Balassa RCA index was modified by
considering its logarithmic transformation. This new index also has the potential
to address the asymmetrical distribution of Balassa’s index. However, Vollrath
defined the rest of the world and the rest of the commodities exported as the
reference group of countries and commodities respectively. To avoid having the
reference group of countries or commodities change from country to country or
commodity to commodity, all countries and all commodities exported will be
considered as the reference groups in this paper. Thus the suggested RCA index
could be represented in the following form:

ln
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The index is symmetrically distributed about the value zero, which is the compar-
ative advantage neutral point. Being a monotonic transformation of the Balassa’s index,
the current index tends to preserve most of the features of the Balassa’s index in terms
of ranking of sectors or countries and difficulties in comparability across sectors or
countries. However, the greatest advantage of the index arises from its logarithmic

5 A distribution with an unstable mean across sectors with respect to a country, has two consequences for
comparability – (1) If a country gains a comparative advantage in one sector, it is impossible to say for certain
that it has lost a comparative advantage in some other sector. Hence cross-sectoral comparison becomes
difficult. (2) The same sectoral value of the index may have a different meaning for different countries, which
leads to difficulty in comparing country index values for that particular sector. Hence, ranking countries by
RCA for a sector would not be reliable. Similar problems would exist in case of a distribution with an unstable
mean across countries with respect to a sector.
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form, which to a certain extent ensures that the estimated residuals from any regression
with the index as the dependent variable could be normally distributed. As a result, the
distributional feature needed to ensure the reliability of the t and the F statistics will be
present.

In an attempt to overcome many of the deficiencies of Balassa’s index and other
indices, Yu et al. (2009) proposed a Normalized Revealed Comparative Advantage
(NRCA) index, where comparative advantage of a country in a particular commodity is
measured by the deviation of the actual exports of that commodity by that country from
the expected exports of the same commodity in a world of no comparative advantages.
The actual and expected exports are further normalized by world total exports. The
index takes the following form:
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Not only is the index symmetric, it also has a stable distribution with a stable
mean, as would be evident from the calculated arithmetic mean of index values
across sectors for a country or across countries for a sector. As discussed above,
this feature ensures that there is no difficulty in comparing the index values across
sectors or countries. Its deviation form and the normalization by total world
exports also make the index less susceptible to the size of sector or country
compared to other indices (Deb and Basu 2011). The proponents of the index
also proclaim its usage for temporal comparability due to the stability of its mean
over time.

However, the index falls short with respect to one particular feature. Normal-
ity of the distribution is not guaranteed by the symmetry of the index’s distri-
bution. The same is true in case of ARCA index. In fact, Hoen and Oosterhaven
(2006) show that the ARCA index does not fit into the specifications of a normal
distribution. As a result, just like Balassa’s index, some caution must be
employed when analyzing the results of regression for these two indices. From
these discussions, it follows that none of the indices discussed is perfect in every
respect. In fact, Sanidas and Shin (2010) after analyzing the statistical properties
of several RCA indices also concluded that none of the indices could be inferred
as perfect. Although the NRCA index, unlike the indices of Balassa, RSCA and
ARCA, can be reliably compared across time, sectors or countries, it could
generate non-normally distributed residuals, which may be problematic for cer-
tain parametric estimation techniques.

Deb and Basu (2011) empirically tested the consistency of these RCA indices
with the Heckscher-Ohlin theory of comparative advantage, and found both the
RSCA index and Log-of-Balassa’s index generating favourable results. However
as already pointed out, their analysis had limited scope due to reliance only on
the Heckscher-Ohlin theory, a smaller sample of data, and perhaps most rele-
vantly, overlooking the importance of value-added trade. Before addressing these
issues in the current paper, we briefly discuss the incidence of value-added trade
and its contribution towards redefining the RCA indices in the following
subsection.
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2.1 Vertical specialization and value added trade: implications for RCA indices

Because of the changing nature of trade flows throughout the world over the last four to
five decades, not only in terms of quantity but also quality, concerns have been raised
over the relevance of trade indices based on gross exports or imports. Hummels et al.
(1998) consider the internationalization of production to be the primary reason for this
change. As Feenstra (1998) notes, trade in intermediate goods, such as parts and
components, now constitute the largest share of world trade and very often final
consumer goods sold in one country are made up of components produced in several
other countries. Meng et al. (2012) tried to map the evolution of trade in goods by
different end use categories over the period 1995 to 2010.6 Their analysis reflected the
fact that trade in intermediate goods is the main driver of growth in world goods trade,
followed by household consumption and capital goods.7 The phenomenon of a higher
volume of intermediate goods being produced for later production stages in different
countries and then exported to other countries for further processing describes the
development of a global value chain which has alternatively been termed as Bvertical
specialization^ or Bfragmentation of production^ or Boutsourcing^ or Bglobal supply
chains^ (Meng et al. 2012).

The development of global value chains has made traditional gross export measures
of doubtful use in observing patterns of trade. As a result, more recent literature has
used measures based on domestic value-added trade as a means of reflecting the
potential of a country in exporting a particular product. Thus, several papers in this
literature have developed measures of comparative advantage based on value-added to
exports figures, arguing that the comparative advantage exhibited by such measures
differ widely than the typical RCA measures based on gross export figures (Koopman
et al. 2014; Meng et al. 2012).

Hummels et al. (2001) provided an empirical measurement of a country’s partici-
pation in vertically specialized trade. They define the vertical specialization (VS) of
country k in sector i as,

VSki ¼ imported intermediates
gross output of i

� �
� Exports of i by kð Þ ð6Þ

Thus according to their measurement VS is simply foreign value-added in
exports. The first term in the above expression denotes the share of imported
input in gross output. Multiplying this share by the exported amount provides a
dollar value of the imported input content of exports. The authors also allow for
the fact that imported inputs could be used both directly and indirectly in the

6 End use categorization classifies goods as intermediate goods, final consumption goods and capital goods.
7 The recent change in global merchandise trade could be explained by several factors. The first explanation is,
a higher rate of reduction in tariffs and other trade costs on intermediate products compared to final products
over the last 20 years, has contributed to greater movement of parts and components all over the world
(Miroudot et al. 2009). Second, the growth of foreign direct investment (FDI) boosted the trade in intermediate
products (Miroudot et al. 2009). Third, induced by the first and second factors, intra-firm trade has increased
and has contributed to increased intermediate goods trade (Yi 2003). Finally, domestic market oriented reforms
by countries like China have enabled other countries and multinational enterprises to involve China in their
global production network (Meng et al. 2012, 4).
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production of an export good. Thus the production of a domestic input which is
directly used to produce exports might require imported inputs. Further, a
domestic input directly used to produce exports might require another domestic
input, which necessitates imported inputs in its production. Similarly, other
stages could be identified where the imported input is embodied in exports at
the fourth, fifth or sixth stage. Thus considering N sectors, the vertical special-
ization or foreign content in gross exports of country k could be expressed as:

u AMX þ AMADX þ AMADADX þ AMADADADX þ ……:
� �

¼ u AM I−AD� �−1
X ð7Þ

Where u is the (1x N) vector of 1s,AM is the (N x N) imported input–output
coefficient matrix (where each element aij

M represent the amount of imported
input from sector i used to produce one unit of sector j’s output), I is the identity
matrix, AD is (N x N) domestic input–output coefficient matrix (where each
element aij

D represent the amount of domestically produced input from sector i
used to produce one unit of sector j’s output), and X is the (Nx1) vector of
exports. In this scenario, (I - AD)−1 captures the total domestic output
requirement from each sector i to produce exports from sector j.

Koopman et al. (2012) used Hummels et al.’s (1998) conceptual framework to show
that the total output in any sector equals the sum of direct value-added in that particular
sector and the cost of intermediate inputs from all domestically produced and imported
products. With this set up, they derived the expression of domestic content or domestic
value-added in exports as:

Av I−AD� �−1
X ð8Þ

In addition to the matrices defined above, Av denotes the (1XN) row vector of
domestic value-added coefficients where each avj represents sector j’s ratio of value-
added to gross output.

The methodology of Hummels et al. was applied by the National Research Council
(2006) to determine the foreign content in the exports of US. However, subsequent
articles have questioned the validity of two basic assumptions made by Hummels et al.,
which limits the applicability of their measure in the real world. These two assumptions
are:

(1) Imported inputs used in the manufacture of export goods or goods meant
for domestic final consumption must be used in similar intensity. However,
in the presence of differing technologies used in the export and domestic
consumption sectors (such as might be found in a country that makes
considerable use of export processing zones) this assumption would not
hold.

(2) All imports have 100 % foreign content. This assumption would be violated if
more than one country exports intermediate goods (Koopman et al. 2014). In that
case, a country could import intermediate goods, add value and export them to be
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processed further by the country from whom it had previously imported the
intermediate goods. Or a country could import intermediate goods which
contain value that had been previously added domestically at an earlier stage in
the production process.

To address the first assumption Koopman et al. (2012) compute the shares of
foreign and domestic content in a country’s exports in the presence of differing
input–output matrices for the domestic and export sectors, and establish
Hummels et al.’s measure as a special case of their advocated general measure.
They treat export processing zones as a category distinct from normal exports,
and allow for differences in the use of imported and domestic intermediates for
export processing, and goods meant for normal exports and final domestic
sales. They also show that their expressions for foreign content and domestic
content shares in a country’s total exports would reduce to expressions similar
to Hummels et al. if one assumes that similar technologies are used in the
exporting and domestic consumption sectors. In support of their argument, the
authors constructed the relevant input–output tables and used their new formula
to estimate the share of foreign value-added in China’s manufactured exports
for the years 1997 and 2002. They found it to be about 50 % of the gross
export value, which is almost double the amount found in Hummels et al.
(2001).

Daudin et al. (2011) tried to overcome the limitations of the second assump-
tion by computing not only the import content of exports (VS as per Hummels
et al.’s definition) but also the share of exports used as inputs in further exports
(which Hummels et al. define as VS1 but refrain from its computation). The
authors also definedVS1* as that part of VS1, which comes back to the country
of origin after being processed abroad. Daudin et al. define vertical trade of a
country as being twice the sum of VS and VS1* and total value-added trade as
being total standard trade minus the sum. The authors found through their
calculations that the industrial and geographic patterns of value-added trade
differ widely from standard trade.

Johnson and Noguera (2012) also made an effective attempt at addressing the
second assumption of Hummels et al. They formulated the value added export ratios
or the VAX ratios to compute and analyse the value-added content of trade at the
bilateral level, using input–output and bilateral trade data. The authors allowed for the
fact that a country’s imports are not 100 % foreign-sourced. Within that two country
framework, they also reduced their VAX ratio to the corresponding formula of
Hummels et al. (2001) by assuming away the presence of intermediate goods trade
between the two countries. The authors, using data from GTAP database version 7.1,
found through their calculations that US exports to Canada are 40 % smaller in value-
added terms and the US-China deficit to be 30–40 % smaller than when measured
using gross exports.

All of the above mentioned literature recognized the importance of value-
added measures of trade as compared to gross export measures of trade in the
rapidly changing world trade scenario by demonstrating the deviations of value-
added exports from gross exports. As noted above, Koopman et al. (2014) and
Meng et al. (2012) recomputed RCA indices after taking into account the
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importance of value-added trade. Koopman et al. (2014) decomposed each
country’s gross exports into various value-added components and tried to for-
mally link value-added measures of trade with official trade statistics. In the
process, their constructed framework incorporated almost all the measures of
value-added and vertical trade suggested in the literature. The authors also
provided a comparative analysis of Balassa’s RCA indices computed on the
basis of gross exports and domestic value-added in gross exports, for several
countries and several sectors. Their analysis revealed contradictory pictures for
some sectors, e.g., India has a comparative advantage in sectors such as finished
metal products and business services on the basis of gross exports data, while
having a comparative disadvantage in the same sectors on the basis of domestic
value-added in exports data. For each sector, the authors also noticed substantial
changes in the country rankings. Similar changes were also noticed by Meng
et al. (2012) after they made a distinction between value-added in final goods
and value-added in intermediate goods, and used international input–output
tables and relevant bilateral data to reconstruct RCA indices similar to Balassa,
but only made up of value-added components.

As already discussed, due to the recent growth of global production chains,
the importance of adjusting RCA indices to incorporate domestic value-added in
exports becomes necessary in order to determine the true potential of a country
in exporting any product. Though Koopman et al. (2014) and Meng et al.
(2012) re-analyse the RCA index values after incorporating domestic value-
added in exports, they limit themselves to Balassa’s index only. In this paper,
we apply domestic value-added in exports to all the five RCA indices consid-
ered and try to examine the consistency of those indices with the Ricardian
model. It is in this context that our paper is not a mere replication of the
existing papers. This paper thus conducts a panel data analysis of the consis-
tency of the five RCA indices based on domestic value-added in exports with
the Ricardian theory on comparative advantage.

Before moving on to the analysis, it is necessary to address certain relevant
issues with respect to the Ricardian trade model, multinational production and
intra-industry trade. Trade in parts and components, which is the essence of
value-added trade, brings to the fore the concept of intra-industry trade. As
observed by Pittiglio (2014), the primary purpose of both the theoretical and
empirical literature on intra-industry trade has been to analyse the exchange of
different varieties of products without any reference to intermediate goods.
Krugman (1979, 1980), Lancaster (1980), Helpman (1981), Eaton and
Kierzkowski (1984), Balassa and Bauwens (1988) considered intra-industry
trade to exist in horizontally differentiated products between countries with
similar factor endowments. Such trade was explained by economies of scale
in this literature. On the other hand, Falvey (1981), Falvey and Kierzkowski
(1987) insisted on vertical product differentiation, which could take place
among countries with dissimilar factor endowments, and could therefore be
explained by the Heckscher-Ohlin relative factor endowment model. Unlike
horizontal intra-industry trade, which relied on monopolistic competition and
increasing returns to scale, the proponents of vertical intra-industry trade based
their models on perfectly competitive markets and constant returns to scale.
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However, Grubel and Lloyd (1975) argued that the simultaneous exchange of goods
within the same industry between two countries need not be restricted to final products
only, but also to exchange of final goods for intermediate inputs or intermediate goods
for other intermediate goods (as cited by Pittiglio p. 469). In the more recent literature,
Jones et al. (2002), Ando (2006) and Türkcan (2011) have argued that international
fragmentation of production may lead to the inter-country exchange of intermediate
goods within the same industrial classification. According to Pittiglio (2014) this
exchange of intermediate goods may take three forms – the exchange of horizontally
differentiated intermediate goods, the exchange of vertically differentiated goods dis-
tinguished by quality, and vertical specialization which involves value-addition by the
associated countries. Arndt (1997), Feenstra and Hanson (1997), Deardorff (2001), and
Jones and Kierzkowski (2001) suggest that vertical specialization involving value
addition incorporates the ideals of Heckscher-Ohlin model, whereby production frag-
mentation is undertaken to exploit the factor cost differences across countries. Türkcan
and Ates (2011), by dividing total intra-industry trade in auto parts between USA and
29 OECD countries into horizontal and vertical components, found that a substantial
portion of this trade is vertical. The extent of this vertical intra-industry trade, which in
effect is an indicator of the international fragmentation of production, is positively
related to average market size, differences in market size, differences in factor endow-
ments and outward foreign direct investment. The fact that multinational corporations
emerge to take advantage of cross country differences in factor rewards has also been
recognized by Helpman (1985). As observed by Kinoshita and Campos (2006), the
location of foreign direct investments associated with the international fragmentation of
production is closely linked with the comparative advantages of the host country, which
the home country in turn has to take into account to increase the profitability of
investments.

In this context adjusting the RCA indices to account for domestic content in
exports would help in determining the inherent advantages a country has to offer.
The fragmentation of production process is primarily undertaken to reap the
benefits of cheaper factor costs or differences in technology. In this scenario,
vertical specialization can be explained by the theories on vertical intra-industry
trade, but not by the theories on horizontal intra-industry trade. Hence the
assumptions underlying the inter-industry trade theories of Ricardo or
Heckscher-Ohlin are not contradictory to those underlying the vertical intra-
industry trade models. Even if the importance of horizontal intra-industry trade
is realized, Davis (1995) shows that increasing returns to scale is not essential
for intra-industry trade to occur and some of the characteristics of intra-industry
trade highlight the relevance of Ricardian determinants of trade. When intra-
industry trade is defined to be the exchange of goods with similar factor
intensity, trade becomes sensitive to even minor technical differences. 8 Thus,

8 Goods with similar factor intensity are characterized by excellent substitution possibilities. Moreover, as
inherent in the intra-industry trade literature, with number of goods being substantially large relative to the
number of factors, it is possible to expand the production of some goods at the expense of others without
raising the marginal opportunity costs. Both these characteristics of intra-industry trade underline the essence
of Ricardian determinants of trade such that with linear transformation curves, trade could take place on the
basis of technical differences (Davis 1995).
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even when the markets are perfectly competitive and returns to scale are con-
stant, Davis shows that intra-industry trade could be explained by the traditional
Ricardian theory, i.e., technical differences could account for intra-industry
trade. The disaggregation of intra-industry trade in intermediate goods into
horizontal differentiation, vertical differentiation and vertical specialization have
further reinforced the importance of Ricardian or Heckscher-Ohlin determinants
of comparative advantage in the context of intra-industry trade and the preva-
lence of classical assumptions of perfect competition and constant returns to
scale. Thus, inter and intra industry trade may not be two completely different
strands of literature, and integrating the two concepts through the adjustment of
RCA indices for domestic value-added in exports is an important step in the
literature. Further as noted by Ando (2006), the exchange of products under
vertical specialization need not be restricted to products within the same
industrial classification. Value addition could result in intermediate products or
in final goods with different industrial classifications. Under such circum-
stances, vertical specialization would go beyond the boundary of intra-
industry trade and would more be at par with the concept of inter-industry
trade. Hence, the adjustment of RCA indices for domestic value-added in trade
need not necessarily imply trying to determine inter-industry trade through the
instruments of intra-industry trade.

3 Methodology and data

The phenomenon of global value chains has been extensively studied in the
literature and Hummels et al.’s idea has been suitably modified to deal with real
life complications. The focus of this paper is more about analyzing the changes
in performance of the RCA indices in the presence of value-added trade. Hence,
for our purposes, it is not so important for us to know the destination of a
country’s exports and the ultimate use of those exports in the destination country.
In our setup we rely on the established methodology of Hummels et al. (2001)
while calculating the domestic value-added in a country’s exports and in the
process, ignore the presence of processing trade and end use of a country’s
exports. We assume that the technology applied to produce goods meant for
domestic consumption and goods meant for exports are the same. Instead of
relying on gross exports, we thus adjust the RCA indices for each sector to take
into account how much of a particular sector’s domestic output is actually
embedded in the country’s exports. In effect, for each country we enquire about
how much domestic content from a sector is embedded in the exports of that
sector and other sectors.9 We therefore make use of the following formula for

9 This formulation however differs to some extent from the domestic value-added concept of Koopman et al.
(2012) represented by expression (8). They basically enquire about how much of the domestic content from
various sectors could be found in a country’s final exports of a product. But in order to determine the
comparative advantage of a country in a sector, one should enquire about that sector’s domestic content in
exports of various products from a country.
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calculating the amount of domestic value-added in exports (VAX) and use this
new expression to reconstruct the RCA indices:

VAX ¼ ÂV I−AD� �−1
X ð9Þ

Where Âv is an (N X N) diagonal matrix corresponding to the row vector Av
defined in expression (8). All other variables have the same meaning as in
expression (8). This expression produces an (N X 1) vector that estimates for
each country the amount of domestic value-added from each of the N sectors in
its exports of all sectors.

To test the consistency of the RCA indices with the Ricardian theory of comparative
advantage, we calculate the ratio of average labour productivity in a particular sector
relative to all sectors in a particular country, to the average labour productivity of that
sector relative to all sectors in all countries for which we have data.10 Mathematically
this ratio is:

APLj;i

APLi

. APLj;w

APLw
ð10Þ

Where APLj,i is the average product of labor in sector j in country i, APLi is
the average product of labor across all sectors in country i and the expressions
with subscript w indicate the corresponding world averages. According to the
Ricardian theory of comparative advantage, a country will export a product in
which it incurs lower opportunity cost of production compared to its trading
partners. One way to estimate the relative cost advantages of countries would be
through the measurement of differences in average productivity ratios. Hence, if
the expression (10) takes on a value greater than unity, then in line with the
Ricardian model, the country should have a comparative advantage in sector i.
On the other hand, the country should have a comparative disadvantage in sector
i if the expression takes on a value less than unity.

Based on the above argument, any RCA index would be in line with the
Ricardian predictions if the RCA index values and the average productivity
ratio moved in the same direction. In other words, a positive association
between the RCA index values and average productivity ratio would show that
the RCA index values are consistent with the predictions of the Ricardian
theory.

For our purpose, we therefore formulate the following null hypothesis:

H0: There exists no relation between the RCA index values and the average productivity
ratio.

10 In principle, what matters for the determination of comparative advantage is the marginal product of labour
(MPL), rather than the APL. However, data limitations prevent us from directly observing the marginal
product, even though the APL and MPL will not generally be the same. However, for our purposes, it is
sufficient that these measures should be highly correlated with each other. We believe this to be a reasonable
assumption if comparative advantage is driven primarily by differences in factor productivity across countries
(as in the Ricardian model) rather than factor accumulation (as in the traditional Heckscher-Ohlin model,
which does not perform well empirically unless augmented by differences in factor productivity). We note in
the conclusion below that creating a better MPL measurement would be a desirable area for future research.
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The above null hypothesis is tested against the alternative hypothesis of a positive
association between the variables.

With the average productivity ratio as the independent variable and RCA
index as the dependent variable, we run separate panel regressions for each
RCA index. We consider different possible specifications and compare the
results generated thereby. In the first specification, we incorporate all sectors,
countries and years and run random effects regressions with country fixed
effects and year fixed effects. In the second specification, we use the same
sample and run random effects regressions with country-year fixed effects.
Thirdly, we run separate regressions for each of the 17 separate sectors and
use random effects and year fixed effects.11 The interpretation of the coefficient
of average productivity ratio for the first two cases differs from the third case.
For the first two bigger regressions, a positive coefficient represents, within
each country how much an increase in productivity ratio causes the RCA index
to increase. Due to the presence of many countries and years, the estimated
coefficient effectively is an average across all such country responses. Thus for
the bigger regressions positive coefficients indicate whether the Ricardian model
and the relevant RCA index provide similar predictions about the sector in
which countries on average have comparative advantage. For the sector specific
small regressions, a positive coefficient implies that both the RCA index and
the Ricardian theory provide similar predictions about the country which is
most likely to export a product. To examine the validity of our results, we also
consider a non-parametric test - Spearman’s Rank correlation test for each of
the above cases. Spearman’s Rank correlation between two variables ranks the
observations on the variables in a certain order and uses the differences in
ranks to calculate the correlation coefficient. Relying on the order of the
observations rather than the actual values makes the test results independent
of the form of distribution of variables. This criterion is important given the
fact that the RCA indices of Balassa, ARCA and NRCA are characterized by
non-normal distributions. As a result, other parametric tests which make as-
sumptions about the form of distribution of variables, may not be reliable in the
context of those indices.

The necessary data on exports, value added, output and number of employees
for 28 manufacturing sectors, classified on the basis of 3 digit ISIC (revision 2)
have been collected for each country-year in our dataset from the Trade, Pro-
duction and Protection Database, 1976–2004 (henceforth, TPP) by Nicita and
Olarreaga (2007).12 The same database is the source of our input–output coef-
ficient matrices. Because the input–output matrices found in the TPP combine
several ISIC sectors so that there are only 17 manufacturing sectors, we do the

11 Country fixed effects take care of the fact that different countries may have different time invariant features
which need to be estimated separately, so that we could factor out the effects that these country specific
characteristics may have on the relationship between RCA index and productivity ratio. Similarly, year fixed
effects factor out the variations across years for reasons such as technological changes, wars, conflicts etc., and
country-year fixed effects to take care of country specific characteristics varying over time. In addition, the
random effects component allows for the fact that for each sector in any particular country, the residual term
would be correlated across years (country-sector is defined to be the cross sectional unit for the panel).
12 ISIC stands for International Standard for Industrial Classification of all Economic Activities
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same to the exports, value added, output and employees data.13 In addition, it is
to be noted, the input–output tables are based on GTAP version 4 for which the
base year is 1995. We assume that the coefficient matrices do not vary much
between years and hence apply the same coefficient matrices for all considered
years. We thus use these data to construct an unbalanced panel for the years
1991 to 2001 with the number of countries varying between years due to the fact
that data are not available for all 17 sectors for each country-year.

4 Comparing the domestic value-added in export-based RCA indices

In this section we analyse the different regression results, compare them with the
corresponding rank correlation results, and in the process, identify the index or indices
most consistent with the Ricardian theory of comparative advantage. Arguments in
favour of any particular index are based upon the number of positive and significant
regression coefficients and the magnitude of R-squared values in case of the regression
analysis, and the number of positive and significant correlation coefficients in case of
correlation analysis. In Table 1 we report the results for a large sample with all
countries, years and sectors with the requisite available data. Each regression is of
the form:

RCAi; j;t ¼ αþ β*APLRi; j;t þ μi;t þ εi; j;t

where RCAi,j,t is the relevant RCA index for sector j in country i in year t, ALPRi,j,t is
the average labour productivity ratio for sector j in country i in year t (calculated in a
manner similar to Eq. (10)), μi,t is a country-year fixed effect (or, in one specification, a
country fixed effect and a year fixed effect) and εi,j,t is a residual term. In all of the
regression specifications, we allow the residual term to be correlated across time with
other observations in the same country-sector. We report the estimated regression

13 This had to be done because the input–output matrices are based on GTAP database. Due to the difficulty in
matching the commodity classification of GTAP with the ISIC codes, Nicita and Olarreaga (2007) could
provide a rough classification of sectors on the basis of ISIC codes in the input–output tables of Trade
Production and Protection database. We use the 17 sectors from their classification and simultaneously adjust
the data on exports, value added and number of employees to match those 17 sectors. While more finely
disaggregated data on imports and exports are available (for example at the HS 4-digit or 8-digit levels), we
cannot easily match these data to the Bdomestic^ data on production, value added, and input–output matrices.
The study is thus constrained by the non-availability of detailed disaggregated data on the relevant variables.
The input–output coefficient matrices required for the adjustment of gross exports figures for the domestic
value-added in export figures are provided by the TPP database only for 3 digit ISIC codes. Other sources of
such data e.g., World Input Output Database, IDE-JETRO, and GTAP report data at highly aggregated sectoral
classifications and matching their commodity classification into more disaggregated international sectoral
classifications might not be feasible. However, at higher levels of industry aggregation, intra-industry trade
might be observed while inter-industry trade is occurring. A country might be exporting a product classified
under one 4 digit ISIC code while importing another product classified under a different 4 digit ISIC code, but
under the same 3 digit sectoral classification. It would appear to be engaged in inter-industry trade when
considering the 4 digit classifications but intra-industry trade when considering the corresponding 3 digit
classification. Hence, the finer the sectoral classification, the more likely that inter-industry trade would be
observed and would perhaps provide a more relevant framework for analyzing the Ricardian model of inter-
industry trade. The non-availability of required input–output matrices on the basis of more disaggregated
sectoral classifications is thus a major constraint in analyzing the Ricardian model.
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coefficients on the average productivity ratio, which is of primary interest to us, and
also the R-squared value for each index.14 In the same table we also report the rank
correlation coefficients corresponding to each index.

For the regressions with country fixed effects and year fixed effects, the estimated
regression coefficients are positive and significant for all five of the RCA indices. On
comparing the R-squared values we do find that the Log-of-Balassa index obtains the
highest value, followed by the Balassa index. For the regression with country-year
fixed effects, we observe similar results. The rank correlation coefficients are simulta-
neously positive and significant for all indices. As expected, they do not vary much
across the different indices, as many of them are simply monotonic transformations of
each other.

In Table 2, we use the following regression specification:

RCAi;t ¼ αþ β*APLRi;t þ μt þ εi;t

where the variables are defined in the same way as above, except that we run separate
regressions for each of the 17 sectors in our sample.15 Table 2 below presents the
regression results for each sector, along with rank correlation coefficients.

Table 2 shows that for the sector specific regressions with year fixed effects, the
ARCA index and the Log–of-Balassa index have the largest number of significant
coefficients with expected sign. They are followed by the indices of RSCA, Balassa
and NRCA in succession. On comparing the R-squared values averaged over 17
sectors, we find that Balassa’s index outperforms the others. The Log-of-Balassa index
and ARCA index have the second and third highest values for average R-squared. In
terms of the positive and significant rank correlation coefficients, all except the NRCA
index perform equally well.

As per the correlation results in Table 1, all the five indices are consistent with the
predictions of the Ricardian theory. The rank correlation results in Table 2 show that all
the indices perform better than the NRCA index. Thus across regression specifications,
the four indices –Balassa, RSCA, ARCA and Log-of-Balassa – emerge as reasonably
good performers.

On the basis of the regression test results in Table 1, considering both the number of
significant coefficients with the expected sign and the value of the R-squared statistic,
the Log-of-Balassa index is visibly the most consistent with the theory. On the basis of
similar criteria, the regression results in Table 2 reveal the Log-of-Balassa index to be
largely consistent with the theory. In Table 2, the Balassa and ARCA indices do
perform better on some dimensions – the R-squared values are higher for Balassa than
Log-of-Balassa, while ARCA has the same number of significant coefficients as Log-
of-Balassa. However, these marginally better performances must be balanced against
the non-normality of the distribution of these two indices, which may be problematic
for some parametric tests.

14 We do not report the estimated coefficients of fixed effects due to space constraints. However, these results
are available on request.
15 In practice, this means that we no longer subscript our variables with sectors, as a variables in a given
regression are from the same sector. Also, we no longer use country-year fixed effects, but rather just year
fixed effects.

16 K. Deb, W.R. Hauk



To conclude, Log-of-Balassa could be selected to be the most reliable RCA index
among all because of its uniform good performance under both parametric and non-
parametric tests.

5 Implausible value-added calculations and robustness checks

There is one notable feature about the above analysis. The calculated values for value-
added in exports exceed the corresponding observations on domestic value-added for
about 12 % of the country-sector-years in our data. In principle, it should be impossible
for value-added in exports to exceed total value-added for a given sector. There are two
potential explanations for this discrepancy in the data. One is that our assumptions
about the input–output matrices for exports being similar to the input–output matrices
for domestic production do not always hold. The other potential issue is that there may
be mis-measurement in some of the variables that we use to calculate the value-added
in exports numbers.

To perform a robustness check for our above reported results, we delete all country-
years containing a sector with such observations and re-compute the correlation and
regression results. The coefficients and R-squared values are reported in Tables 3 and 4
below in similar sequence as Tables 1 and 2.

As per the regression results of Table 3, all the indices report positive and significant
regression coefficients for both types of regressions. However, the magnitude of the R-
squared value is highest for Balassa’s index and Log-of-Balassa index reports the
second highest R-squared. So in this table, Balassa’s index performs somewhat better
than the Log-of-Balassa index. The rank correlation results however do not change with
respect to the reported results in Table 1. In Table 4, the numbers of correlation and
regression coefficients with expected sign are reduced for all but the NRCA index
compared to Table 2. By considering both the magnitude of the R-squared values and

Table 1 Estimated coefficients for large sample

RCA Index/ Results Regression results with
country FE and year FE

Regression results
with country-year FE

Rank correlation
results

β R2 β R2 ρ

Balassa 0.6141614**

(<0.001)
0.1399 0.6253481**

(<0.001)
0.1453 0.3681**

(<0.001)

RSCA 0.1014924**

(<0.001)
0.1391 0.1021088**

(<0.001)
0.1421 0.3681**

(<0.001)

ARCA 0.0123098**

(<0.001)
0.1110 0.0127683**

(<0.001)
0.1116 0.3930**

(<0.001)

NRCA 0.0001929**

(<0.001)
0.0070 0.0001976**

(<0.001)
0.0071 0.2656**

(<0.001)

Log-of-Balassa 0.2969533**

(<0.001)
0.1615 0.2996733**

(<0.001)
0.1656 0.3681**

(<0.001)

Note: values in parenthesis are p values for 1 tail when the alternative hypothesis is p>t. ** represents
significant at 1 % level. Each regression and correlation results are based on a sample size of 3094
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the number of positive and significant regression coefficients, the ARCA index is found
to outperform the Log-of-Balassa index. As in Table 2, the Balassa index generates a
larger magnitude for R-squared but lower number of significant coefficients compared
to the ARCA index and the Log-of-Balassa index. On the basis of the number of
positive and significant rank correlation coefficients, the indices of Balassa, RSCA and
Log-of-Balassa perform better than the others.

While differences between the previous and the present analyses are noticeable –
particularly with respect to the regression results – we still note that many parametric
tests for their validity require the assumption of normality for estimated residuals which
could be violated if the underlying variables are characterized by non-normal distribu-
tions.. Hence, the Log- of-Balassa index, which is characterized by a normal distribu-
tion and consistently performs well for both parametric and non-parametric tests in this
section, could still be judged to be the most reliable index among all.

6 Conclusions

This paper fills certain gaps in the existing literature on RCA indices by empirically
analyzing the consistency of the RCA indices with the Ricardian theory on comparative
advantage, after incorporating domestic value-added in exports of a country and
providing room for a sufficiently large dataset. The panel regression results show the
Log-of-Balassa index to be a strong performer and, unlike the other strong performers
in our analysis,, it is characterized by normal distribution. The RSCA index also has a
normal distribution, but does not perform as well as the Log-of-Balassa index in our
regression analysis. The rank correlation test results show that the indices of Balassa,
RSCA, and Log-of-Balassa are all equally consistent with the Ricardian model for all
of the cases analysed. Thus the Log-of-Balassa index performs well in both correlation

Table 3 Estimated coefficients for large sample with selected observations deleted

RCA Index/ Results Regression results with
country FE and year FE

Regression results
with country-year FE

Rank correlation
results

β R2 β R2 ρ

Balassa 2.035558**

(<0.001)
0.2696 2.053823**

(<0.001)
0.2766 0.4152**

(<0.001)

RSCA 0.1362721**

(<0.001)
0.1702 0.1355469**

(<0.001)
0.1721 0.4152**

(<0.001)

ARCA 0.0200801**

(<0.001)
0.1601 0.0206628**

(<0.001)
0.1604 0.4365**

(<0.001)

NRCA 0.000318*

(0.011)
0.0100 0.0003221*

(0.011)
0.0100 0.2846**

(<0.001)

Log-of-Balassa 0.385435**

(<0.001)
0.1785 0.3867763**

(<0.001)
0.1810 0.4152**

(<0.001)

Note: values in parenthesis are p values for 1 tail when the alternative hypothesis is p>t. ** represents
significant at 1 %; * represents significant at 5 %. Each regression and correlation results are based on sample
size of 1156
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and regression analyses. Although the NRCA index, performs at par with the other
indices in the bigger sample, it falls short with respect to the others in case of sector
specific smaller samples when considering both the correlation and regression analyses.
Thus, while the NRCA index is characterized by stable but non-normal distributions, its
empirical performance under different circumstances does not establish it as a consis-
tently strong performer. In this respect, the Log-of-Balassa index, while it lacks the
feature of stable distribution, clearly performs well in the empirical analysis. In
addition, it possesses a normal distribution.

Overall, it seems reasonable to conclude the paper by observing the fact that usage
of any particular RCA index should be governed by the objective of the researcher. If
one wishes to compare different sectors in a country or different countries in a sector,
given the stability of its distribution the NRCA could be most reliable, although
empirical results could not provide substantial evidence in support of its consistency
with the Ricardian theory of comparative advantage relative to other RCA indices. But
if one wishes to examine, say, different factors on which the RCA index of a country
depends through regression analysis, given the performance of Log-of-Balassa index in
our empirical analysis, it may be best to depend upon that index, although one should
take into account the instability of its mean when making cross-country or cross-
commodity comparisons. Our conclusion thus differs to some extent from that of
Deb and Basu (2011). On the basis of our results, we conclude that is difficult to
identify any particular index with all features of a good index and at the same time
would empirically be most consistent with the theories on comparative advantage.
However, the Log-of-Balassa index performs quite strongly in our test of consistency
with the Ricardian model and has the desirable characteristic of a normal distribution.

Future research on this topic might focus on two areas. First, our use of the average
productivity of labor as a proxy for the marginal product of labor (which is more
consistent with the Ricardian model) could potentially be improved upon. Better ways
of measuring the marginal product of labor at a disaggregated sectoral level would be
desirable. Secondly, our data is at a relatively high level of sectoral aggregation due to
the issues mentioned above with respect to matching data from different sources. More
disaggregated and detailed data with appropriate concordances could improve the
analysis.
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