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Abstract

We propose a comprehensive measure of a country’s overall competitiveness which accounts for
price, non-price and other factors such as changes in the value added content of trade by combining
two datasets — highly disaggregated trade data from UN COMTRADE with internationally integrated
Supply and Use Tables from the WIOD database. We conclude that advanced economies have lost
non-price competitiveness relative to emerging economies over the period 1995 to 2009 when
focussing on gross exports. As soon as fragmentation of production is considered, this picture changes.
We find that in particular the US, Canada, Germany and Italy have been able to keep relative quality
of their export goods unchanged. Likewise, relative quality improvement of Brazil’s, Russia’s and
India’s export goods largely arose due to outsourcing rather than improvements in the quality of
domestic production. Nevertheless, gains in Chinese non-price competitiveness remain impressive

even after accounting for the role of global value chains (GVCs).
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1 Introduction

The competitiveness of an economy is a widely discussed and at the same time unclearly
defined concept. The definition of competitiveness at the country level is so broad that it
includes an extremely large set of macroeconomic and microeconomic issues: per capita
income levels, performance of institutions, levels of productivity, comparative costs, and
many others not mentioned here. It is usual to limit the analysis of competitiveness to export
performance based on exports as an indicator that is well able to “reveal” a country’s
underlying comparative advantages. Furthermore, trade data have traditionally been

characterized by being easily available, of good quality and reported at a highly disaggregated



level which allows to analyse dynamics of market shares, extensive and intensive margins,
unit values etc. As a consequence, the most common definition of competitiveness is
narrowed down to reflecting a country’s ability to sell goods measured in gross terms rather
than in value added terms (which would correspond to the common measurement of domestic
output via GDP). While we do not dispute that competitiveness should reflect a country’s
competence in producing goods for the world market — in line with the OECD’s definition:
“Competitiveness is a measure of a country’s advantage or disadvantage in selling its products
in international markets” — we claim that this competence should be measured in value added
terms, i.e. net of foreign value added embodied in intermediate inputs.

Otherwise, such an approach would ignore both the increasing global integration of
production and shifts in geographical patterns of production chains. In an economically
integrated world characterized by global production chains, the following issues obtain crucial
importance for a correct assessment of competitiveness: how big is the country’s value added
share in the products it sells in international markets? What happens to country’s
competitiveness if its value added share changes over time as a result of changes in
international fragmentation? Some recent case studies suggest that share of domestic value
added could be very small for certain countries and certain products (see for example the
famous iPod example analysed by Linden et al., 2009). Internationalization of production
leads to a diminishing domestic component in the production of exports. Therefore data on
(gross) export flows is no more an adequate representative of a country’s own ability to
produce goods for the world market and hence competitiveness.' Our approach in this paper
makes an attempt to overcome this problem by combining data from two sources. Similar to
traditional analyses, we also make full use of highly disaggregated trade data as summarized
for all countries and all products in the UN Comtrade database. We extract export data at the
most detailed 6-digit HS level, thus our analysis is based on more than 5,000 products for
each possible pair of trading partners in the world. However, we make further use of the
recently constructed World Input-Output database (WIOD, see Timmer et al., 2012), which
covers 27 EU countries and 13 other major countries in the world for the period from 1995 to
2009. By combining the two, we are able to assess the impact of global value chains (GVCs)

on competitiveness. Our approach has several advantages: similar to traditional analyses of

' A more philosophical question relates to the ability of a country to engage in international production chains,
which can also be seen as a country’s own achievement in terms of competitiveness. Nevertheless, from a
welfare point of view, the value added produced in the country is relevant, hence we consider the value-added
concept of competitiveness adopted in this paper as the appropriate concept for the derivation of policy
recommendations.



competitiveness we also derive a comprehensive index of competitiveness. Thus, we arrive at
a simple tool that can easily be used to inform policy makers on changes in a country’s
competitiveness over time and its standing relative to its competitors. However, unlike
traditional measures, our index is not a black box but yields by construction a decomposition
of overall competitiveness into individual contributions from underlying factors. We
distinguish between price and non-price factors, extensive margin, shifts in global demand
structure, changes in the set of competitors and shifts in global production chains.

Our starting point is the decomposition of export market share changes recently
developed by Benkovskis and Worz (2013). The abovementioned paper proposes a theoretical
framework to explain gains and losses in export market share by their price and non-price
determinants. According to the empirical analysis, non-price factors (e.g. quality and taste)
play the dominant role in explaining the competitive gains of BRIC countries and the
concurrent decline in the G7’s share of world exports. Although the indicator is a useful tool
to measure a country’s non-price competitiveness, it can be significantly affected by shifts in
international production chains. Imagine the situation when the final assembly of a high-
quality product is moved from US to China. The trade data will report a significant increase in
China’s exports, both in value and volume terms accompanied by a growing export price.
Despite a very low domestic value added content in the production of China’s exports of the
high-quality product this situation will be interpreted as a rise in China’s non-price
competitiveness and decline in the US non-price competitiveness. This may lead to wrong
policy conclusions while our index makes such shifts in national value-added explicit.

The paper proceeds as follows: Section 2 motivates the use of two data sources in
analysing competitiveness and discusses virtues and drawback of each source. Section 3
describes the methodology in detail, while section 4 reports the results and section 5

concludes.

2 Joining two data sources — why and how?

Joining trade data with input-output data is not new in the literature. For example, various
vintages of the Global Trade Analysis Project (GTAP) database contain country input-output
tables and bilateral international trade data by industry for several benchmark years, with the
latest database offering data for 129 regions, 57 commodities and two reference years, 2004
and 2007 (Narayanan et al., 2012). Daudin et al. (2011), Johnson and Noguera (2012), and

Koopman et al. (2010) use this data to measure value-added trade. The more recently



established World Input-Output Database (WIOD) combines information from national
supply and use tables, National Accounts time series on industry output and final use, and
bilateral trade in goods and services for a 40 countries, 59 commodities and over a time-series
from 1995 to 2009 (see Timmer et al., 2012 for more details). We will make use of this
dataset, even though our paper differs substantially from both approaches. In short, we
combine WIOD data despite its high level of aggregation with bilateral commodity trade data
on the most disaggregate level. This is similar to Koopman et al. (2010) who also use the
most detailed level of disaggregation to identify intermediate goods; however, we do it for a
different reason. We need disaggregate trade data to interpret unit values as prices of cross-
border transactions.

There is another distinction between our paper and the vast literature on vertical
specialisation: disaggregated trade data remains our main source of information, while input-
output data serves as a useful extension. We want to retain the numerous virtues of very
detailed commodity trade data — high degree of harmonization across countries, timeliness,
world-wide coverage, availability of price information (unit values) — as these features make
disaggregated trade data a natural choice for the assessment of a country’s competitiveness.
Our recently proposed decomposition of changes in export market shares (see Benkovskis and
Worz, 2013) is based on UN Comtrade data using the six-digit level of the Harmonized
System (HS) introduced in 1996 (5,132 products). The import dataset contains annual data on
imports of 188 countries from 236 countries between 1996 and 2011.2

The use of highly detailed trade data allows to disentangle price and non-price drivers of
export market share changes; however, the use of trade data also implies several limitations.
One of those is the disregard of international production fragmentation, which may alter the
assessment of a country’s performance on external markets dramatically. The WIOD data,
although available for a considerably smaller set of countries (40 countries, including all EU-
27 members), a much lower level of disaggregation (59 products according to CPA
classification), and a significant time lag (offering only annual data between 1995 and 2009),
can fill this gap.

The data from WIOD gives us an opportunity to calculate the share of country & in the

production of good g exported by country c using the inverse Leontieff transformation, which

* Since our theoretical framework is developed from consumer’s utility maximization problem we analyse
changes in export market shares using information on import data of partner countries. This has the further
advantage that import data is often better reported, especially since the majority of world imports is still flowing
into advanced economies with better reporting systems.



allows to switch from gross export market share changes (decomposed in Benkovskis and
Worz, 2013) to value-added export market share changes. Thus, we will be able to infer
something about the performance of domestic producers (not exporters) on external markets,
which should improve our understanding of strong and weak sides of a country.

The lower level of disaggregation in WIOD imposes some difficulties, however, and we
need to assume an equal structure of value added for all HS 6-digit level products within a
broad CPA category. This is a very strong assumption, but we have no other options for a
broad analysis on a macro level. Another limitations is the lower country coverage (now
calculations can be done for 40 exporter and producer countries instead of 236), but this is an
acceptable limitation for us as we are primarily interested in the competitiveness of the
world’s major exporters, and especially in the performance of EU members which are fully
covered in WIOD. A final limitation is given by the time dimension as WIOD data ends at
2009 (which, perhaps, was not the most typical year in the economic history). In normal
times, one can assume that global production structures do not change much within a few

years. Thus, we will also make this assumption.

3 Comprehensive, GVC-compatible index of competitiveness

This section describes the methodology to evaluate the performance of a country’s producers
on external markets, which is largely built on our recently developed decomposition of
changes in gross export market shares (see Benkovskis and Worz, 2013, see Appendix,
section A.1, for a brief description of decomposition). We extend this approach to include also
the effects of international fragmentation of production in the decomposition. We first
distinguish between gross export market shares and the global market share of value-added
exports. Second, we split changes in market shares of value-added exports into six
components (instead of five as in Benkovskis and Worz, 2013): extensive margin, price
competitiveness, non-price competitiveness, change in the set of competitors, shifts in
demand structure, and a new term which captures shifts in a country’s integration in global

production chains.

3.1. Value-added export market share
The international fragmentation of production changed the nature of the international
economy dramatically and gross exports are no longer a valid indicator of a country’s

competitiveness. In the majority of cases, the goods exported by a specific country are only



partly produced domestically, but sometimes the fraction of domestic value added is very
small. This calls for a refined indicator which is able to capture competitiveness-relevant
features of the ongoing fragmentation process. In this paper, we propose to focus on market
shares of value-added exports, i.e. gross exports corrected for the fraction of foreign value
added.

Hummels et al. (2001) provide one of the first systematic evidences on vertical
specialisation and measure the value of imported inputs embodied in exported goods. This
approach misses an important part of vertical specialisation chain, however, as one country’s
exports may be used as inputs into another country’s production of export goods. Recently,
Daudin et al. (2011), Johnson and Noguera (2012), and Koopman et al. (2010) proposed new
approaches to assess value-added trade.

Two important measures introduced by Koopman et al. (2010) are worth being
mentioned here. The first one is called “value added in gross exports” (VAS, closely related to

value added in trade, as named by Stehrer, 2012) that simply decomposes gross exports by

producers:
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where VAS is KxKN matrix that provide disaggregated value added by producer country in
gross exports for each exporting country and sector, K is the number of countries and N is
number of sectors. V is KxKN block-diagonal matrix, V, is I1xN direct value-added coefficient
vector and each element gives the share of direct domestic value added in total output of
country r in each sector (r = 1,..., K). Input-output coefficients are comprised in the KNxKN
matrix A, which is constructed from the NxN blocks A,,. Those blocks contain information on
intermediate use by country s of the goods produced in country r. X is a KNxKN diagonal
matrix of gross exports, and X, is a Nx1 vector of country r’s exports by sector. Finally, B is
the Leontieff inverse matrix B = (I-A)™, and u is a 1xN unity vector. So, the VAS measure
captures all upstream sectors’ contributions to value added in gross exports.

The second measure is termed “value-added exports” (VAX). It is closely related to
value added in gross exports (VAS), but differs insofar as it reflects how a country’s exports
are used by importers. As defined by Koopman et al. (2010, p.9), value-added exports “... is

the value-added generated by a country but absorbed by another country”. This is given by:
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where VAX is KxKN matrix that provides disaggregated value added by producer country in
final consumption for each country and each sector. Y is the KNxK final demand matrix. It
contains blocks Yy, which is the Nx1 final demand vector that gives demand in country r for
final goods shipped from country s.

Although similar, the two indicators (VAS and VAX) give slightly different results, as
VAS focuses on gross exports — thus including exports and intermediate goods and therefore
double-counting some value-added activities — while VAX focuses on final use, including the
a country’s demand for its own production (which is given by the diagonal element of VAX;
Koopman et al., 2010, suggest that these elements should be replaced by zero).

Despite these rather clear conceptual underpinnings, we face a difficult choice in the
empirical implementation: Should we use highly detailed trade data (i.e. rely on VAS) or more
aggregated, but double-accounting-free final demand data (basing our indicator on VAX). The
main advantage when using data on gross export flows available from commodity trade
statistics is that we can work with detailed trade data, which allows us to get information on
prices (unit values) and volumes. This information allows us to identify the contribution of
price and non-price factors for the overall performance of value-added exports (similar to
Benkovskis and Worz, 2013). Obvious drawbacks of this choice are the complete lack of data
on trade in services on the one hand and double-counting due to exports of intermediate
products on the other hand. In contrast, with final demand data we avoid the double-counting
problem and we can include information on services. However, we will not be able to study
price and non-price contributions due to the lack of detailed price and volume data.

In this paper we propose to use the VAS indicator from equation (1), although we
modify it such that we avoid double-counting. Double-counting occurs when a country
provides value added in exports of intermediate products that are used in the production of
other (final) export goods. We presume that this problem can be avoided by analysing only
gross exports of final use products. Since we obtain trade data at a very fine level of
disaggregation, we can exclude exports of intermediate products (according to the BEC
classification) and focus on products for final use. Still, final use of domestic goods and of

services is missing. However, this does not imply that service sectors are excluded from the



analysis as such, as we will assess an indirect value-added of services sectors in final use of
commodities.

Summarizing the discussion above, in building our comprehensive index we propose to
solve the problem of international fragmentation by relying on a country k’s market share
changes in terms of value added in gross exports of final use products (VASF) rather than
gross exports. Thus, we make use of the advantage of the VAS index insofar as we use highly
disaggregated trade data for both, values and quantities to distinguish between price and non-
price factors. At the same time we avoid double counting by ignoring intermediate goods.

Thus, our measure of value added market share is defined as follows:
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where MSk,,VASF is VASF market share of a country k, i is a running index for importing
countries, g denotes the final use product, ¢ the exporting country and v stands for value-
added contributing countries. M(i),., represents the quantity of country i’s final goods imports
from exporting country ¢ (or country ¢’s final gods exports to country i), while P(i)., is the
price of the respective trade flow. V(k),., stands for the share of country k in the production of
a specific good g exported by country c. Note, that V(k),., includes both direct and indirect
contributions of country k. The V(k),., is evaluated as an element of V-(I —~A)" from
equation (1) assuming that the value-added structure of country c¢’s final exports does not
depend on the respective destination. As mentioned in section 2, V(k),., is calculated from the
WIOD database by assuming identical value added structure of all final use products g in the
HS 6-digit classification falling within the same CPA category. Finally, I, G and C are the sets
of importing countries, final use products, and exporting countries respectively whereby the
latter set coincides with the set of producing countries. Therefore, the numerator of (1) shows
the value-added of country k in total world’s exports of final products, while the denominator

represents total world exports of final goods.

3.2. Intensive and extensive margins
Having derived a country k’s world market share in value added terms, we then follow the
framework of Benkovskis and Worz (2013) and split changes in these market shares into the

contributions arising from the extensive and the intensive margin:
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where dEM;,"**" denotes extensive margin of the value added in gross exports of final goods

VASE the intensive margin, G(i).., 1s the set of products shipped

market share changes, dIM;
from country c to country i in both periods, ¢ and —1.

The extensive margin equation is similar to Feenstra’s (1994) index accounting for
changes import variety, although it is redefined for the value-added case. The extensive
margin is defined in our case as the ratio of country k’s value added in traditional products to
total value-added exports. Value added in traditional products is the value added in products
exported by any country to any destination market in both periods ¢ and #—1. The ratio
decreases (increases) over time if the share of value added in disappeared products is smaller
(greater) than the share of value added in newly exported products. In this case, the
contribution of the extensive margin to changes in VASF market share is positive (negative).

The intensive margin is obtained as the residual and simply represents the growth of country

k’s value added in traditional products compared to growth of total world trade.

3.3. Further decomposition of the intensive margin

We then proceed by decomposing the intensive margin into four factors: price-, and non-
price-factors, the effect of changes in the set of competitors and shifts in production chains.
This is done by solving the consumer utility maximization problem of the importing country

as in Broda and Weinstein (2006, see Appendix, section A.2 for technical details):

VASF _ VASF VASF VASF VASF _
amv (i) = PP(i)" cc(i); QQ() W) = ®)
1-0(i), (i 1=y(i)
. ‘ LOM

VASF i), miC(),

! AW g, W) ju W),

Y R e P I e W P
mlC (i), JOG mCC (i),




Y=o, (1-y@)w(i) .,

\VASF A(i)g,, 1=, /](i)j’t 1-0(),
X Zm_ z W(k,l)gu (A(i)g,f-lj u(ﬂ(i) ] X

jia-1

2

1=y(@)

W) g s

q@) s

. gmit
y z Z w(k,i)‘:ﬁfF II(I)'gL:(i)W nlC (i), S — % Z Z[W(k’i)‘ﬁfp V(k),., }
SDG(’A)(LH dc q(l)gm.f . lia(,‘) - SDG(’A)U.,—l ic V(k)gc.t—l
mOC (1) q(l)jm‘l / x
JOG  mdc(,
3
, PG). . m(). V). . P(i),. 0li),.
w(k’i)Vf:SF - gc.t l. gct 1. get-1 , ﬂ(l) = . ge.t , q(l) = . ge.t )
“ z zP(l)gt‘-f‘lM(l)gt“l—lv(k)gc‘l—l o P(l)gc‘l—l ! Q(l)gc.l—l

80G(i), 1y €C
where dIM(i)i,"*" is the contribution of intensive margin growth to changes in VASF market

VASF

share in a single destination country i. PP(i);, is the contribution of price factors,

CC(i)k,,VASF the contribution of changes in the set of exporters (i.e. changes in the set of

VASF

competitors from the exporting countries point of view), QQ()i, the contribution of non-

price factors (changes in taste or quality), and VV(i),"*" is the contribution of geographical
shifts in international production chains. o(i), is elasticity of substitution among varieties of
good g, y(i) is elasticity of substitution among import goods, w(i),., and w(i),, are Sato-Vartia
weights representing the structure of country i’s imports. Finally, A(i);, is Feenstra’s (1994)
seminal term that takes into account utility gains arising from changes in varieties available to
consumers in country i’s.

Although the split in (5) is similar to the one proposed in Benkovskis and Worz (2013)
(see equation A9 in the Appendix), there are two important innovations which makes the
present index compatible with market share in value added terms. First, an additional term
appears in equation (5) that measures shifts in production chains: The last term in equation (5)
implies that an increase in country k’s value-added in the production of exports positively
affects VASF market share. Such an increase can be achieved either by a higher domestic
content in country k’s gross exports or by more active involvement in GVCs leading to a
higher value-added share in other countries’ exports. We calculate growth in VASF market
share for each product exported and then aggregate to the country level using Laspeyres
weights of country k’s value added exports in final goods (w(k,i)gc,tVASF ).
The second innovation applies to all components of (5). Although the interpretation of

first three terms remains broadly the same as in Benkovskis and Worz (2013) (which will

briefly be discussed below), we use a different weighting scheme. In our previous paper we
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focused on the performance of country k’s direct exports. Now the focus is broader, as — at
least theoretically — virtually all exported final use products in the world may contain some
(indirect) input from country k. Therefore, equation (5) analyses competitiveness of all
products exported by all countries, taking into account country k’s value added in each
exported product when aggregating the measure to the country level. As mentioned before,
country k’s VASF depends on the value of its exports in global exports of final use products
plus its inputs into the production process of final goods.

The first three components contributing to a change in the intensive margin of a
country’s value added export share in equation (5) should be interpreted in the following way:
the first term represents the contribution of price factors to country k’s competitiveness and is
similar to the term derived by Armington (1969). This term is analogous to a real effective
exchange rate based on unit values and accounting for market characteristics — relative price
changes have larger consequences in markets with a high elasticity of substitution. The main
difference to the derivation in Benkovskis and Worz (2013) is that we now care about relative
price changes for VASF of country &, not about gross exports. It is important to note that we
are forced to assume that price changes of the final product are equally distributed at all stages
in the international production chain.

The second term captures the contribution of changes in the set of competitors to gains
or losses in country k’s VASF market shares. This term accounts for changes in the set of
competitors in all final product markets which is tantamount to increasing or decreasing
variety on any product market from the consumer’s point of view. Hence, it influences
consumers’ choice among various final use products and thus affects an exporter’s ability to
sell.

The third term represents the contribution of non-price factors (such as taste and
quality) to a country’s competitiveness. As before, now we take into account relative quality
or taste changes for any final use product exported by any country and aggregate these results
using the VASF structure of country k. One restrictive assumption we make here is that
quality changes are identical on all stages of production. This is analogous to the assumption
above concerning the distribution of price changes along the production chain. Despite the
fact that the quality or taste parameter is unobservable, the third term can be calculated as a

residual (note, that the intensive margin and all other components are observable).
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Equation (6) reflects the fact that observed variables contain useful information for the
derivation of a proxy that captures the impact of non-price factors in shaping a country’s
position. We can see that price dynamics is an important proxy (but not the determinant) of
changes in relative quality or taste. If the price of a good imported from one country rises
faster than the price of the same good imported from another country, this indicates either
improving quality of or increasing preference for the first country’s good. Moreover, when
different varieties are close substitutes, the role of relative prices as a proxy for relative
quality increases. It should be noted, however, that relative price is not the sole indicator of
relative taste and quality. Changes in relative quantity of a single variety in total consumption
also reflect the perception of changes in relative taste and quality. Increasing consumption of
a certain variety is a clear sign of improving taste or quality, and relative quantity gains
importance when the elasticity of substitution is small. This is exactly what equation (6) is
about — unobservable change in taste and quality proxied for by changes in relative prices, as
well as changes in real market share. The last two terms of (6) are less intuitive. They are
driven by the interaction between taste/quality and variety. Our calculations show that the role
of two last terms is negligible in empirical estimations.

The aggregation of all these components to arrive at the intensive margin of VASF
market share growth is further complicated by the fact that the structure of world trade
changes over time. To account for this, we explicitly allow for different growth rates of
various destination markets (countries) by adding another term to our decomposition: changes
in the intensive margin due to shifts in the consuming country’s share in world imports,

dDS(i);:
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Thus, from the exporter’s point of view, the intensive margin of changes in export
market share is decomposed into five parts: price factors, changes in the set of competitors,
non-price factors, shifts in production chains, and global demand shifts.

Let us make a final technical remark on the elasticities of substitution (¢’s and y’s). We
estimate elasticities of substitution between varieties (¢’s) following the approach proposed
by Feenstra (19994) and developed by Broda and Weinstein (2006) and Soderbery (2010,
2012). Technical details on the methodology and obtained estimates for 10 largest destination
countries are provided in Appendix A.4. Theoretically, it is possible to apply a similar
estimation methodology for elasticities of substitution between products (y’s) by deriving
supply and demand equations and solving the system by exploiting the panel nature of the
data. However, this method seems inappropriate here. The assumption of a single elasticity of
substitution among varieties of a particular good is reasonable, while the assumption of a
single elasticity among different products is likely overly restrictive. One would expect a high
elasticity of substitution between highly similar products and rather low substitution elasticity
between radically different products. As we cannot solve this problem within the existing
theoretical framework based on a CES utility function, we calibrate the elasticity of
substitution between goods to 2 for all destination markets, which is below the median
substitutability among varieties (see Appendix, Table A.1). This also corresponds to the
elasticity used by Romer (1994). Benkovskis and Wo6rz (2013) showed that main economic
conclusions about the decomposition of gross exports market share changes are robust for

alternative (and reasonable) values of y’s.

4 Results
We start by comparing cumulative changes in VASF markets shares over the period 1996-
2009 to cumulative changes in gross export market shares (see Chart 1). The solid line shows
cumulative log-changes of the VASF market share, while the dashed line indicates cumulative
log-changes of traditional (i.e. gross) export market shares. Thus, these two lines represent a
summary measures of a country’s competitiveness whereby an increase marks rising
competitiveness (i.e. gains in global market shares).

In some G7 countries (Canada, UK and US) the difference between the two lines is
pronounced and VASF market share dynamics report smaller losses in competitiveness
relative to the traditional export market share indicator. These countries show the strongest

degree of outsourcing among the G7-countries in our data in 2009 and the UK and Canada
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also show a strong decrease in the share of directly exported goods over the observation
period. Thus, the better performance in value added terms can be attributed to the outsourcing
of final production stages to other countries and is in line with evidence that these countries
move upstream along the value chain, away from the final consumer (see De Backer and
Miroudot, 2013).In line with their lower degree of outsourcing, the difference between VASF
market shares and export market shares is rather small for other European G7 countries
(France, Germany, Italy) and for Japan. It is further interesting to note that Germany performs
better in gross exports as compared to VASF market shares. As for the BRIC countries,
VASF export shares suggest smaller competitiveness gains for China and Brazil in the middle
of the sample period as compared to gains in gross export market shares, whereas in 2009
cumulative gains in VASF terms matched or even outperformed cumulative gains in gross
export terms. China is clearly the most downstream country in the entire sample in the sense
that it shows the lowest degree of outsourcing. Around 90% of Chinese VASF exports arise
from final assembly in China and China has gained enormous importance as a destination for
final assembly by other exporters. Likewise, Germany appears to have gained importance as
final assembly exporter. China and Germany are the only two partners featuring among the
top-five destinations for indirect exports via foreign final assembly for all countries in our
sample. Potentially this downstream movement in the production chain explains the worse
performance of value added market shares compared to gross export market shares in
Germany. For India and even more so for Russia, VASF export market share growth indicated
considerably larger gains in competitiveness than gross export market share growth. Russia
has by far the highest degree of outsourcing, only one third of all exports are due to final
assembly in the country, which is obvious given its export structure. Hence, the case of Russia
is hard to analyse, as the main positive (indirect) contribution to this rise in competitiveness

stems from exports of mineral products and is thus strongly related to the price of oil.
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Chart 1. Value-added and gross export market share changes for final use products
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Our results so far suggest that the increasing international fragmentation of production
matters strongly for a country’s competitiveness. The analysis of gross export market shares
potentially underestimates competitiveness gains of developing countries due to outsourced
production, while it may overestimate competitiveness gains due to relative taste or quality. In
other words, the relative quality of emerging markets’ gross exports improves due to

fragmentation, but at the same time those more qualitative products have a higher content of
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intermediates which originate from developed countries like Germany and Japan. By the same
reasoning, the non-price competitiveness of developed countries looks better when we take
into account shifts in GVCs.

A unique novel feature about our indicator is the fact that it allows for a deeper analysis
of individual factors standing behind the changes in VASF market shares. This
comprehensive, GVC-compatible competitiveness index and its contributions are depicted in
Chart 2 (for the G7 countries) and Chart 3 (for the BRIC countries) below. In these charts,
log-changes of VASF market shares (i.e. the overall GVC-adjusted competitiveness measure)
are decomposed into the six abovementioned effects (extensive margin, price
competitiveness, non-price competitiveness, changes in the set of competitors, shifts in

production chains and shifts in global demand).’

? The log-linear approximation of the VASF market share decomposition is described in Appendix, section A.3.
Note that for computational reasons the sum of these contributions does not exactly correspond to changes in
VASF market shares (as it should theoretically) due to the log-linear approximation and missing information on
unit values.
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Chart 2. Decomposition of value-added export

products in G7 countries
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In general, price and non-price factors contribute most strongly to changes in VASF

market shares. This finding is similar to the results reported in Benkovskis and Worz (2013)

for gross market shares (see Chart A.1 for the decomposition of gross export market shares

for final use products for our sample). However, shifts in global production chains give a non-

negligible positive contribution to the competitiveness of BRIC countries, while their

contribution is often negative for the G7 countries (France, Germany, Italy, Japan and the US

since 2003). In the case of developed countries, GVC-shifts show a positive contribution to

competitiveness only for Canada as well as the UK during the pre-crisis period.
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Chart 3. Decomposition of value-added export market share changes for final use

products in BRIC countries

a. Brazil b. China c. India
0.8 1.4 0.5

1.0

0.6 ' I

§ N2

o e lllllllll
g -RIRIRININR

996

997

998

999

000

001
2002

003
2004
2005
2006
2007
2008
2009
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

B Shift in demand structure
038
R Sct of competitors
06

04 B Shift in production chains

02 N Nonprice competitiveness

0.0 [ Price competitiveness

02 CExtensive margin

0.4 ——VASF market shares

-0.6

=T
S 8 S
S 8 2
a & a

0
I3
&
_____ S

Source: WIOD, UN Comtrade, authors’ calculations

997
9!
999
000
001
2002
2003
2004
2008
2009

Price factors always show a positive contribution for the BRIC countries, while their
effects differ between G7 countries: France, the UK and decreasingly so Germany could gain
market shares due to increased price competitiveness, while Canada, Italy, Japan and the US
lost price competitiveness. In most cases losses in competitiveness in G7 countries are to a
large extent also driven by non-price factors, e.g. developed countries are confronted by a
decline in the relative quality (or taste) of their exports.4 However, these losses are smaller in
value added terms than in gross exports as reported in Benkovskis and Worz (2013) (see
Appendix, Chart A.1, for fully comparable results). This arises because developed countries
indirectly contribute to the production of high-quality products in developing countries. The
most striking cases are US, Canada, Germany and Italy, which show almost no changes in
relative quality of their production. In comparison to Benkovskis and Worz (2013), the
conclusions are also altered for BRIC countries. The huge markets share gains of China are
determined by increasing relative quality of or taste for Chinese products even after we
control for the fragmentation of production process. However, in contrast to previous

findings, we now see that non-price competitiveness does not play any important role for

* Please note that we only capture dynamics here and cannot make any statement about the ordering of absolute
quality of goods produced by G7 versus BRICs. Thus, in absolute terms we still expect a sizeable quality gap to
prevail between G7 and BRIC exports on average.
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other BRIC countries with the exception of India in recent years. Thus, we conclude that the
improvement of export product quality in emerging economies arose mainly from outsourcing
of higher-quality products rather than from improvements in the quality of domestic
production.

Finally, the extensive margin plays a minor role in both subsamples. It shows a small
positive contribution to competitiveness in France, Germany, Italy, the UK, the US, Brazil
and in some years in India. Also the effect of changes in the set of competitors for a product is

negligible for all countries.

5 Conclusions

In this paper, we condense various aspects of competitiveness, including the influence of
international fragmentation, into one comprehensive measure. Our analysis accounts on the
one hand for non-price factors (such as changes in the quality of exported products or
consumer tastes) and on the other hand corrects for differences and changes in the value
added content of trade. Combining two datasets — highly disaggregated trade data from UN
COMTRADE with internationally integrated Supply and Use Tables from the WIOD
database, we are able to depart from the narrow definition of competitiveness which focuses
on a country’s ability to maximise gross exports, and focus on the value added export market
shares.

Changing the focus from traditional gross export market shares to VASF market shares
does not alter the general picture much — developing countries are gaining VASF market
shares as much as they are gaining gross export market shares while developed countries are
losing market shares. Still, the inclusion of international fragmentation alters the underlying
story. We observe that the global production process is gradually shifting toward developing
countries, thus positively contributing to VASF market share changes in the BRIC countries
and eroding G7 countries’ competitiveness. However, accounting for GVCs, we observe that
the catching-up process of emerging countries in terms of the quality of their goods (or
consumers’ tastes towards their goods) proceeds more slowly than gross exports would
suggest. Hence, we can conclude that non-price competitiveness losses of developed countries
are lower than claimed before, as they remain important suppliers of high quality
intermediates in the GVCs. In particular, the US, Canada, Germany and Italy are well able to
the keep relative quality of their produced goods unchanged.
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Thus, our previous analysis based on gross exports (Benkovskis and Worz, 2013)
overemphasized the role of non-price factors in competitiveness gains of BRIC countries.
After controlling for shifts in production chains one can observe that improvements in
Brazil’s, Russia’s and India’s export product quality arose to a non-negligible extent from the
outsourcing of higher-quality products rather than from improvements in the quality of their
domestic production. Nevertheless, non-price competitiveness gains of China remain

impressive even after accounting for the role of global value chains.
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Appendix

A.1 Decomposition of changes in gross export market shares

This section of the Appendix briefly reports the decomposition of gross export market share
changes recently developed in Benkovskis and Worz (2013). First, changes in country k’s
global export market share (dMSy,) are decomposed into intensive (dIM;,) and extensive

(dEMy;) margin:

zzp(i)gk.lM(i)gk.f Zzzp(i)gc.l—lM(i)gc,l—l

dMS ) — il g0G i1 c0c g0G :dEM ) deM " (Al)
- zz Z P(l) gé'JM(i) geit Z ZP(Z) gk.t-1 M(l) gh.t-1 “ -
i0I c0C g0G 01 g0G
SN PO M)y, D, 2Py MOy
dEM = = 01 g0G 01 g0G (i) - (Az)
Y DPD e M@y DD Py M (D) gy
01 g0G (i) 0l g0G
Y 2P MWDy, SN PG, M),
dle — 01 gOG()ky 1 -y i01 ¢0C g0G . (A3)
! zz ZP(i)gc‘IM(i)gr.l z zp(i)gk‘l—lM(i)gk.l—l
i01 ¢0C g0G {01 gOG (i) 4 4t

In order to decompose intensive margins into price and non-price factors, one needs to
construct the price index that takes into account changes in variety, quality and taste.
Benkovskis and Worz (2013) use a constant elasticity of substitution (CES) utility function
for a representative household from importing country i consisting of three nests (similar to

Broda and Weinstein, 2006):
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where D(i), is the domestic good, M(i), is composite imports and x(i) is the elasticity of
substitution between domestic and foreign goods, M(i),, is the subutility from consumption of
imported good g, y(7) is elasticity of substitution among import goods, Q(i)., is the taste and
quality parameter, and o(i), is elasticity of substitution among varieties of good g.

Consumers’ utility maximization problem allows to decompose the intensive margin in

equation (A3) further. First, one can focus on changes of country k’s exports of product j’s
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nominal share in total imports of country i, denoted by dIM(i)j, By using utility

maximization problem in (A4)-(A6), dIM(i);y, can be expressed as:
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dIM (i)

) o, = PG) oy [PD) oy s TG, = P(0),, /PG, 70G), = P(),/P(),.,
where P(i),, denotes minimum unit-cost of import good g for consumers in country 7, and
P(i); is minimum unit-cost of total imports of country i. Equation (A7) shows that changes in
market share are not only driven by price factors but also by changes in export quality or
consumer preference (taste) for country k’s goods. However, one needs to take into account
that minimum unit-costs of imports are driven by non-price factors like changes in variety and
quality as well.

Benkovskis and Worz (2011) extend the work of Feenstra (1994) and Broda and
Weinstein (2006) by relaxing assumption of unchanged taste or quality. They introduce an

import price index that adds a term to capture changes in taste and quality:
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where (1) g = P(i)ge/P(i)gc—1 and P(i)gc, 1s the price of good g imported from country c.
Sato-Vartia weights w(i),., and w(i),, are computed using cost shares s(i)Mgc,t and s(i)Mg,, in

the two periods as follows:
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while A(i)g; and A(i)g 1 are Feenstra’s (1994) index accounting for changes in variety:
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Combination of equations (A7) and (A8) leads to the following decomposition of

IM(i)ji, into three parts:
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where PP(i);x, 1s the contribution of price factors to changes of country k’s exports of product
J’s nominal share in total imports of a country i, CC(i)j, is the contribution of changes in the
set of exporters (i.e. changes in set of competitors) and QQ(i);, is the contribution of other
non-price factors. The third term of equation (A9) is unobservable, but it can be easily
obtained as residual. Equation (A10) extracts three main components: contribution of price
factors (1), contribution of changes in the set of exporters (2), and contribution of other non-

price factors (3), proxied by observable variables:
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Finally, Benkovskis and Worz (2013) aggregate up to the intensive margin of world

market share growth taking into account shifts in the country’s share of world imports, DS(i);:
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Thus, the intensive margin of changes in gross export market share is decomposed into four
parts: changes in price factors, changes in the set of competitors, changes in non-price factors,

and global demand shifts.

A.2. Decomposition of the intensive margin of value-added export market share changes

The share of country k’s VASF exports in total imports of a country i, IM(i).,*", can be
rearranged in the following way:
> PO MO, V), X YR MO), V),
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The first order conditions of the consumer utility maximization problem (A4)-(A6) s.t. budget

constraints are the following:
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where A(i), is Lagrange multiplier. By rearranging and summing over ¢ one can obtain the

following expression:

o 0}
M(l)g, :P(l);}:(t)U(l)tK(t)M(l): K(I)A(l);v(l) ) (A14)

From (A12), (A13) and (A14) follows that country k’s VASF exports share in total imports of
a country i is driven by minimum unit-costs, taste and quality parameters and value-added

share of country k in the production of various goods exported to destination market i:

1= (i), , o 1=y(i)
IM(i)VASF :Z % P(l)gc.z Q(Z)gc.tv(k)gc,z P(Z)g.ty (A15)
G\i).; i1

kit N 1-0(i), ~1-y(i) ?
C g P(l)gf' ¢ P,

.\VASF .\VASF .\VASF

Using the fact that dim (i)™ = ()" /mm(i);"" , and combining it with import price index

in (A8), one can obtain VASF market share decomposition described in (5).

A.3. Log-linear approximation of VASF market share decomposition
The system of equations (4)-(7) has an unpleasant property to be a combination of sums and
multiplications, which complicates the decomposition. For empirical applications it is more

convenient to use log-linear approximation of the market share decomposition:

> We log-linearise around the constant state (no changes in volumes or prices between periods  and #1).
Although the log-linear approximation works well only for small changes, it is still valid in this application.
First, we apply log-linear approximation for year-to-year changes in volumes or prices, which are much smaller
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VASF VASF +

k.t = demk,z ppk,z

[ el agll T dsy,, (A16)

dms ,

VASF

where log changes of country k's market shares changes (dmsy, ") are defined as

dms!"" = h{zz 3 P(i) . M (z‘)g(.,,V(k)gc,,J - n{zz > PG) oy i M) oV (k)gc_,_lJ - (A17)

01 ¢0C g0OG i0r1 <0C g0G

-IH[ZZZP<i>gc.,M<i>gc,,J +h{22ZP(i)W_,_lM(i)gc_,_l J

a1 0c gl i0r <0c g
These are decomposed into six parts. Extensive margins of log changes of country k’s market

VASF -
share changes, demy S , defined as:

demSF = 1{2 S5 PG, M),V (), J - h{z SN P s M (@) oyt V(K)o J - (A18)

{01 c[C g0G {01 c0C ¢0G

i01 ¢0C g0G (i) 1t i01 ¢0C g0G (i) 1t

i ln(zz zp(i)g”M(i)g"’tv(k)é"’vf] * h{zz zP(i)gat-lM(i)go,t—lv(k)gt,t—l j

The remaining part (intensive margins) is further decomposed into five components. First is

price component of market shares’ log changes, ppy.,”**":

pr =250 pp@) (A19)

i1

806G (i), .,y cOC mOC (i)

PO =Y Zw(k,i)Z?iF[(l—a(i>g)1nn(i)g(,,—(y(t)—a<i>g) S 0, lnn(mm,t]-

-(=y®)> > w@,,, w,, Inm),,,.

JOG mOC (i)
where weights 5(i);, are defined as Tornquist shares of country k’s export structure:

50);, =0.55(D);, +0.550); -

. . VASF
Second is competitors’ set component of market shares’ log changes, cci, " :

e =Y S S5kl Y07 a6y A, )+ (A20)

ge,t .
7 gOG(R),., -y cOC 1-0o(),

e son e YOO S )

i1 1-0(), oG

Third component are non-price factors of market shares’ log changes, qqk,,VASF :

qq;;”" =Y 50 a9 (A21)

iar

qq(H™" = ; > wlk, i) (m uli),.,06), nni),., + (y(i) -o(i), ) > w(i),,, In n(i)ngJ -

oy cdC mOC(i),

=3 3w, w) ,, npG) =AY S w) ,,, w),, InmG) ,, +

JOG mOC (i), JOG mOC (i),

than the cumulated changes. Second, the results reported in Charts 2 and 3 show the adequacy of log-linear
approximation for G7 and BRIC countries (it should be noted that missing unit values data induce large part of
the discrepancy).
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Fourth are shifts in production chains in log changes, vvk,,VASF :
WA= S RO wlk ) (v (k),., -V (), ) (A22)
i0l g0G (i), , - cOC

Finally, fifth is the demand structure component of market shares’ log changes, dsy

ds,, =Y 5(r,ds(i),, (A23)

ior

ds(m), = h{z > P(m), M (m)g”] - h{z DY PG, M), ] -

cOC g0G i0r <0c g0G

- h{z > P(m),. M (m)gﬁ,v,_lJ + h{z D PG g M), J

<0C glG il c0C g0G

A.4. Elasticities of substitution between varieties

We estimate elasticities of substitution between varieties according to the methodology
proposed by Feenstra (1994) and later applied by Broda and Weinstein (2006). To derive the
elasticity of substitution, one needs to specify both demand and supply equations. The
demand equation is defined by re-arranging the minimum unit-cost function in terms of

market share, taking first differences and ratios to a reference country /:

Aln S(l')gc_, - —(U(l)g - 1)A In % + g(i)gal s (A24)
i glt

M
S(l)g“

where €(i)gc; = AInQ(1) g + S(D)ge,r» and (i)ge, 1s an error term (due to e.g. measurement error)
in the demand equation. Following Feenstra (1994) and Broda and Weinstein (2006) we treat
e(i)gc; as an unobserved random variable, reflecting changes in the quality of product
variables. Note, that Q(i)e., reflects fundamental characteristics of a particular variety and
should be treated as exogenous.

The export supply equation relative to country / is given by:

P, @0,

il : S(i.)%,, +800) (A25)
P@)y, 1+a), s,

ge,t?

Al

where w(i), 20 is the inverse supply elasticity assumed to be the same across partner
countries, and (7)., is an error term of supply equation which is assumed to be independent
of &(1)gc-

A nasty feature of the system of (A24) and (A25) is the absence of exogenous variables
to identify and estimate elasticities. To get the estimates, we transform the system of two

equations into a single equation by exploiting the insight of Leamer (1981) and the
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independence of errors &(i),., and 5(1’)%;.6 This is done by multiplying both sides of the

equations. After transformation, the following equation is obtained:

[Alnp(il)g""] = Q[Aln s(l:)i;"] + 6’2[A1n P(i.)g” J[Aln S(i_)i;" J +u(i),., (A26)
P(l)g,_, @ g, P(l)g,‘, S(l)g“ 8¢
ali), _1-a(),(o0), -2)

’ 92_ . . >
e, Jow), -1) 1+ ai), Jo, -1)

u(i),., = £G0) ., 00) .-

Note that the evaluation of 8, and 6, leads to inconsistent estimates, as relative price and
relative market share are correlated with the error u(i),.,. Broda and Weinstein (2006) argue
that it is possible to obtain consistent estimates by exploiting the panel nature of data and
define a set of moment conditions for each good g. If estimates of elasticities are imaginary or
of the wrong sign the grid search procedure is implemented. Broda and Weinsten (2006) also
address the problem of measurement error and heteroskedasticity by adding a term inversely
related to the quantity and weighting the data according to the amount of trading flows. A
recent papers by Soderbery (2010, 2012), however, reports that this methodology generates
severely biased elasticity estimates (median elasticity of substitution is overestimated by over
35%). Soderbery (2010, 2012) proposes the use of a Limited Information Maximum

Likelihood (LIML) estimator instead. Where estimates of elasticities are not feasible (@{<O),

nonlinear constrained LIML is implemented. Monte Carlo analysis performed by
Soderbery (2010, 2012) demonstrates that this hybrid estimator corrects small sample biases
and constrained search inefficiencies. It further shows that Feenstra’s (1994) original method
of controlling measurement error with a constant and correcting for heteroskedasticity by the
inverse of the estimated residuals performs well. We thus follow Soderbery (2010, 2012) and
use hybrid estimator combining LIML with a constrained nonlinear LIML to estimate

elasticities of substitution between varieties using the Feenstra’s (1994) method.

® The independence assumption relies on the assumption that taste and quality does not enter the residual of the
relative supply equation (J(i),.,). If this does not hold, then errors are not independent, since changes in taste and
quality enter &(i),.,. The assumption of the irrelevance for the supply function seems realistic for taste (if we
ignore the possibility that taste is manipulated by advertisement; however, advertisement costs can be viewed as
fixed, which should reduce the correlation with the error term). But it is difficult to argue that changes in
physical quality of a product should not affect the 6(i),.,. The empirical literature did not address this issue until
now and the size of induced bias is unclear.
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Table A.1. Elasticities of substitution between varieties for final use products (top 10

importers)
NO. Of 25[}] 75th
estimated Mean Minimum Maximum . Median .
elasticities percentile percentile
United States 1263 6053.56 1.0657 97707 2.10 3.60 15.66
China 1278 4378.92 1.0328 95774 2.55 4.84 23.51
Germany 1736 144.95 1.1122 88870 2.46 3.99 7.54
Japan 1541 737.30 1.0818 84967 1.99 3.05 5.56
France 1790 78.44 1.0040 65741 2.27 3.56 6.50
United Kingdom 1808 10.56 1.0577 8007 1.96 2.95 5.19
Italy 1793 34.77 1.0024 41792 2.18 3.41 6.53
Korea 1494 48.72 1.0226 39413 2.25 3.33 5.78
Hong Kong (China) 1175 5511.42 1.0052 98765 2.62 5.56 1650.2
Netherlands 1571 337.74 1.0047 50732 2.17 3.43 7.96

Note: Calculated using UN Comtrade data for disaggregated imports of 188 countries using equation (A26). The
estimates are based on data between 1996 and 2011 for 244 exporters.
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Chart A.1. Decomposition of gross export market share changes for final use products
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