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Abstract We construct a relative export price index that adjusts for changes in
non-price factors (e.g. quality or taste) and changes in the set of competitors for
nine emerging economies (Argentina, Brazil, Chile, China, India, Indonesia, Mexico,
Russia and Turkey). The index is calculated using highly disaggregated (6-digit Har-
monized System, HS) trade data from UN Comtrade for the period between 1996 and
2012. Our method highlights the crucial importance of non-price competitiveness in
assessing emerging countries’ performance on external markets, as well as notable
differences in non-price competitiveness dynamics across exporters. China shows a
huge gain in international competitiveness due to non-price factors, while the role of
the exchange rate in explaining China’s competitive position may have been over-
stressed. Similarly, Brazil, India and Turkey show discernible improvements in their
competitive position when accounting for non-price factors. Oil exports account for
strong improvement in Russia’s non-price competitiveness, as well as losses of com-
petitiveness for Indonesia. Mexico’s competitiveness deteriorates prior to 2006 and
improves afterwards.
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1 Introduction

Emerging economies account for an ever-increasing share of world trade. According
to the CPB World Trade Monitor (December 2013), the share of emerging countries
in total world exports was just 32% in 1996, but 50% in 2012. This gain in global
export market share is largely the consequence of a substantial growth differential
between emerging and advanced economies. Over the period 1996–2012, annual real
export growth in emerging markets averaged 7.9% well outstripping the 3.5% annual
performance of advanced countries. Moreover, real export growth in emerging coun-
tries outperformed that of advanced countries every year since 1996, with just two
exceptions in 1997 and 2010.

In the general discussion, growing world market shares are mainly associated with
improving price competitiveness. Hence, policy makers often focus on price mea-
sures and aim at achieving a real depreciation of their currency in order to support
their exporters. However, real effective exchange rate (REER) statistics do not always
support this prediction, especially in the case of emerging economies’ currencies.
Although several emerging countries experienced sharp depreciations in late 1990s and
early 2000s, these were followed by gradual real appreciation afterwards. Argentina is
the only country among large emerging economies whose REER is significantly below
levels of the mid-1990s. For other important emerging economies, we observe either a
gradually increasing REER (China, Mexico, Chile, India) or sharp real depreciations
during a currency crisis with a subsequent overcompensating increase in the REER
(Russia, Brazil, Turkey, Indonesia). This evidence suggests that the traditional REER
indicator cannot explain the performance of emerging countries and we should add
other factors to the analysis.

The REER indicator, initiated by the theoretical framework of Armington (1969)
and further developed by McGuirk (1987), relies on a set of restrictive assumptions.
One crucial assumption states that consumers’ utility depends solely on consumed
quantities, thus attributing no role to product quality or taste. These non-price factors
could be the missing element that explains the discrepancy between REER develop-
ments and exports performance in emerging countries.

Several recent empirical studies support the importance of non-price factors for the
export performance of emerging countries. Khandelwal (2010) combines information
on unit values and market shares for products exported to the USA and finds large
variation in the quality of emerging countries’ exports between different products.
Hallak and Schott (2011) estimate export quality from export unit values, quantities
and trade balances, and find contradictory results regarding the quality performance of
emerging countries. While some Asian countries improved their quality rank between
1989 and 2003 (Indonesia, Philippines, Malaysia), others just retained their place
or even lost several positions (China, India, Mexico). Pula and Santabárbara (2011)
analyse the quality of Chinese exports to the European Union using Eurostat’s very
detailed COMEXT database and conclude that China gained quality relative to other
competitors since the mid-1990s.
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Our paper contributes to the literature by developing a measure of a country’s com-
petitiveness that takes into account changes in non-price factors. This measure is an
adjusted relative export price index and has some similarities with the unit-value-
based REER, but in contrast to the REER it is adjusted for changes in quality, taste
and variety that occur over time. Our analysis builds on the framework developed by
Feenstra (1994a, b) and Broda and Weinstein (2006) for the calculation of variety-
adjusted import prices. We extend their approach beyond the effects of variety alone
and apply it to export prices. We also modify the approach developed in Benkovskis
and Wörz (2012) by re-weighting relative prices according to the respective elasticity
of substitution between varieties (puttingmoreweight to price competitiveness inmar-
ketswithmore competition). In spirit ofHummels andKlenow (2005) andKhandelwal
(2010), unobserved relative quality or taste is defined here as a function of observable
unit values and volumes of exports as well as unobservable elasticities of substitu-
tion between varieties. In fact, we capture all factors that make the respective export
good more (or less) valuable for consumers and hence affect consumer utility in the
importing country. Such factors comprise physical product quality (i.e. purely supplier
controlled) as well as labelling and meeting consumers’ tastes (i.e. demand related).
As our approach is solely based on the consumer’s utility maximization problem, it is
limited to the demand side and cannot be used to distinguish the relative significance of
quality and taste. Therefore, we refer to non-price competitiveness rather than calling
it the “quality dimension”.

Here, we illustrate the empirical use of the proposed competitiveness measure
for a range of globally important emerging markets over the period 1996–2012. Our
sample of nine emerging economies (Argentina, Brazil, Chile, China, India, Indonesia,
Mexico, Russia and Turkey) represents roughly one-fifth of total world exports.

The paper proceeds as follows. Section 2 summarizes the conventionalwisdomwith
respect to price competitiveness as described by the REER and explains why the real
effective exchange rate conceals non-price elements of competitiveness and therefore
provides an insufficient picture of a country’s competitiveness. Section 3 outlines our
methodological approach to reveal these non-price aspects. Section 4 describes the
data from UN Comtrade database and Sect. 5 reports the results. Conclusions are
given in Sect. 6.

2 From price to non-price competitiveness

Competitiveness of a country relative to another is often assessed by its real exchange
rate, a reflection of relative changes in nominal exchange rates net of differences in
inflation rates. Inflation, in turn, can be measured in terms of consumer price index
(CPI), producer price index (PPI) or unit labour costs. Beyond bilateral comparisons,
competitiveness can also easily bemeasured through theREER index, a trade-weighted
average of all bilateral real exchange rates. While REER calculation is tedious, the
necessary data (exchange rates and inflation rates) are readily available.

Figure 1 shows CPI-based real effective exchange rates for our nine countries
between 1996 and2012.1 Increases reflect real appreciation, so they are associatedwith

1 For a description of the calculations, see Darvas (2012).
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Fig. 1 CPI-based real effective exchange rates of emerging countries (172 trading partners, 2000 = 100).
Sources: Darvas (2012). We change Darvas’ (2012) base year of 2007 to 2000 for ease of comparison with
our reported results. An increase denotes a real appreciation of the national currency that can be interpreted
as a loss of competitiveness

losses of international competitiveness. Although the majority of emerging countries
from our sample experienced the sharp real devaluation of their currencies in the first
half of the sample period (Indonesia andRussia in 1998, Brazil in 1999, Turkey in 2001
and Argentina in 2002), this was overcompensated by subsequent real appreciation
in most cases. Indeed, apart from Argentina, the sample countries experience a loss
(or at least no gains) in price competitiveness during the 17-year sample period as
measured through the CPI-based REER. The increase in relative prices is especially
pronounced for Russia, Brazil, Turkey and Indonesia in the second half of our sample
period. In Russia’s case, this increase is clearly related to the dominance of energy
products in its exports. High oil revenues lead to higher incomes with a consequent
upward pressure on inflation and the REER. In Turkey, the disinflation process after
the 2001 crisis has supported a long-term appreciation trend with an adverse effect
on external price competitiveness. India and China have no clear tendency, although
a trend towards rising relative prices emerges in the final years of the sample. All
countries show signs of improving or stable price competitiveness in 2009 in the midst
of the global financial crisis, while the upward trend in CPI-basedREER recommences
afterwards.

The above analysis can be criticized for failing to illustrate competitiveness ade-
quately as changes in consumer prices often do a poor job in explaining export perfor-
mance.Domestic and export prices are the products of largely distinct demand and sup-
ply conditions.Moreover, the CPI is subject to changes in indirect taxes (e.g. VAT) that
do not affect export prices directly. While the PPI might be a better measure for purely
production-related price dynamics, it usually refers primarily to production for the
domestic sector, and inmost cases, data on export-oriented producer prices are unavail-
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able. Similar caveats apply for unit labour costs as a pricemeasure as these often refer to
the whole economy including services, especially in the case of emerging economies.

Our solution is to construct an index for export prices calculated at themost detailed
product level available. However, a new problem arises from the use of REERs, which
only measure the price competitiveness of exports and ignore important factors such
as changes in the quality of exported products (Flam and Helpman 1987), quality
that has both an objective (e.g. physical properties and technological features) and a
subjective aspect (e.g. consumer tastes, branding and labelling). Consumers also gain
utility from the increased product variety that results from international trade. Thus,
while for example the CPI or the PPI are adjusted for changes in product quality,
neither takes into account the changes in the number of products or product variety
available to the consumer.

In response to these challenges, we employ an index that adjusts for quality and
the set of competitors to improve on existing measures and disentangle changes in
pure price competitiveness from changes in non-price competitiveness (i.e. changes
in variety and quality). Specifically, we define “variety” following the Armington
assumption (Armington 1969) as products of different origin within the same product
category. “Quality” is defined as the tangible and intangible attributes of a product that
change the consumer’s valuation of it (Hallak and Schott 2011), i.e. the combination
of physical attributes of the product and consumer preferences.2

3 Disaggregated approach to measure price and non-price
competitiveness

We now describe the disaggregated approach to measure price and non-price compet-
itiveness of exports of emerging countries. Our approach combines the methodology
developed by Feenstra (1994a, b) and Broda and Weinstein (2006) with an evalua-
tion of an unobserved quality or taste parameter based on the work of Hummels and
Klenow (2005). The insight here is that consumers value physical attributes of prod-
ucts and variety (i.e. the set of exporters in line with the Armington assumption) and
that consumer utility depends to a certain extent on the quality or taste preference.
By solving this consumer maximization problem, it is possible to introduce non-price
factors into a measure for relative export prices (see “Import price index”, “Relative
export price index” sections of Appendix, for technical derivations). Having derived a
formula for a variety- and quality-adjusted import price index, we then use the mirror
image of trade flows to apply this formula to export prices. In other words, we interpret
imports of product g originating from country c as country c’s export of product g to
the importing country.

Changes in the adjusted relative export price of good g exported to a particular
market (RXPgk,t ) are defined as

2 Remember that our approach is solely based on the consumer’s utility maximization problem and thus
limited to the demand side. To differentiate quality stemming from the supply side and demand-side-related
taste, one would need to model the behaviour of firms as in Feenstra and Romalis (2014) or use individual
product characteristics as in Sheu (2014).
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RXPgk,t =
∏
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(
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pgk,t−1
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(
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)

∏

c∈Cg

(
dgk,t
dgc,t

dgc,t−1

dgk,t−1

)−wgc,t (Cg)

(1)

where k denotes a particular emerging country, pgc,t is the price of good g imported
from country c, dgc,t is the unobservable quality or taste parameter of a corresponding
product, Cg is the set of countries exporting a particular product in both periods t and
t − 1, wgc,t (Cg) represents the Sato–Vartia weights of countries exporting a product
g in both periods, λg,t shows the share of new or disappearing exporters, and σg is
elasticity of substitution among varieties (different countries of origin) of good g. Note
that RXPgk,t shows changes in emerging country k’s adjusted export price relative to
the world adjusted export prices.

The index of adjusted relative export prices in (1) can be divided into three parts.
The first term gives the traditional definition of changes in relative export prices driven
by changes in relative export unit values. These changes in relative unit values are
weighted by the importance of competitors in a givenmarket (wgc,t ) and the respective
elasticity of substitution between varieties (putting more weight to price competitive-
ness in markets with more competition). This particular feature of the relative export
price index in (1) makes it superior to the standard REER that assumes a constant
elasticity of substitution between any two suppliers (see McGuirk 1987). An increase
in relative unit values is to be interpreted as a loss in price competitiveness.

The second term represents Feenstra’s (1994a, b) ratio for capturing changes in
varieties. It accounts for the fact that the appearance of a new variety increases con-
sumers’ utility and diminishes the import price index. Even though our framework is
based on maximizing consumer utility (and hence on imports), we interpret it from
the exporter’s point of view. Thus, variety represents the set of exporters delivering
a specific variety of the good and a new variety is tantamount to entry of an addi-
tional exporter in the market. If more competitors sell the same product, minimum
unit costs are lower and consumers’ utility is increased. At the same time, the market
power of each exporter is reduced. Therefore, additional competitors for a specific
product imply a positive contribution to the adjusted relative export price index and
are associated with a loss in competitiveness.

The third term is simply the change in relative quality or taste preference for a
country’s export products. If the quality or taste preference for a country’s exports
rises faster than that of its rivals, the contribution to the adjusted relative export price
index is negative, thereby signalling an improvement in non-price competitiveness.
Although relative quality or consumer tastes are unobservable, it is possible to evaluate
it using information on relative unit values and real market shares (see “Evaluation of
relative quality” section of Appendix).

Finally, we need to design an aggregate relative export price index as the index in (1)
describes relative export prices for a specific product exported to a particular country
only. The aggregate-adjusted relative export price index (RXPk,t ) for the emerging
country k can be defined as a weighted average of specific market indices, where
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weights are given by shares of those markets in a country’s exports:3

RXPk,t =
∏

i∈I

∏

g∈G
RXP(i)

W (i)g,t
gk,t , (2)

where W (i)g,t represents the Tornqvist weights of specific markets in total export
basket.

4 Description of the database

For the empirical analysis in this paper,we use trade data fromUNComtrade.Although
the data reported in UN Comtrade have a lower level of disaggregation and longer
publication lag than Eurostat’s COMEXT, the worldwide coverage of the UN database
is a significant advantage. We use the most detailed level reported by UN Comtrade,
which is the six-digit level of the Harmonized System (HS) introduced in 1996. This
gives us 5132 products, i.e. enough to ensure a reasonable level of disaggregation.

Although our ultimate goal is to evaluate competitiveness of exports from emerg-
ing countries, we start with the import data of partner countries in the analysis. The
argument for focusing on partner imports rather than the emerging country’s exports
is driven by the theoretical framework on which our evaluation of price and non-price
competitiveness is based. Recall that our methodology starts with the consumer’s
utility maximization problem. Thus, import data are clearly preferred as imports are
reported in CIF (cost, insurance, freight) prices, giving us the cost of the product at the
point it arrives at the importer country’s border. From the consumer’s point of view,
import data provide a better comparison of prices. On the other hand, import data
come with certain drawbacks. Obviously, the data on imports from emerging coun-
tries do not necessarily coincide with the country’s reported exports due to differences
in valuation, timing, sources of information and incentives to report. That said, and
especially with respect to emerging economies, which are still subject to import tariffs
for a considerable range of their products, import data are as a rule fairly well reported
as national authorities have an interest in the proper recording of imports on which
they collect a tariff revenue.

Our import data set contains annual data on imports of 190 countries at the six-digit
HS level between 1996 and 2012.4 UNComtrade database contains information on 238

3 Here, we limit the analysis of competitiveness to stable exports markets (those, where exports are nonzero
in both periods t and t − 1). Thus, the paper limits the analysis to the intensive margin of exports. Although
we miss some information on emerging countries’ performance by ignoring the extensive margin, this
does little damage to our conclusions. Empirical evidence shows that the extensive margin has a small
contribution to total export growth. For instance, Amiti and Freund (2010) find that export growth of China
was mainly accounted for by high growth of existing products rather than in new varieties. Also Besedes
and Prusa (2011) point to the fact that the majority of the growth of trade is due to the intensive rather
than the extensive margin. They also stress that export survival for developing countries is shorter than for
advanced economies, thus the extensive margin generates less export growth for emerging countries.
4 The data for some reporting countries are not available in the early years. The major world importers
with missing data are Brazil, Chile, Russia and Singapore (1996), Thailand and Saudi Arabia (1996–1998).
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partner countries (exporters); therefore, we obtain complete and detailed information
on world trade from the importers’ point of view.

We use unit value indices (dollars per kilogram or other measure of quantity) as a
proxy for prices and trade volume (mainly in kg, although other measures of quantity
are used for certain products) as a proxy for quantities. If data are missing for values
or volumes, or data on volumes is not observed directly but estimated by statistical
authorities, a unit value index cannot be calculated. Estimating unit values is com-
plicated for many reporting countries. Even the world’s top importer, the US, only
publishes import data that would allow for the calculation of unit values for about
70% of imports (in value terms). The situation is better for most of the EU countries,
China, Japan, while several countries (e.g. Canada) provide coverage around 50%.
Coverage is also generally worse for the first half of the sample period. This problem
makes the analysis of non-price competitiveness more challenging and our results
should be taken with a grain of salt. However, coverage ratios of available unit values
in several countries are rather homogenous across product groups, so we argue that
this problem is unlikely to affect our results significantly. The other adjustment we
made to the database is related to structural changes within the categories of goods.
Although we use the most detailed classification available, it is still possible that we
may compare apples and oranges within a particular category. One indication of such a
problem is given by large price-level differences within a product code. Consequently,
all observations with outlying unit value indices were excluded from the database.5

Finally, in order to calculate the weights for the aggregate relative adjusted export
price index, we use export data of our nine emerging countries. The export data set
reflects the structure of exports adequately and contains annual value data on exports
to 238 partner countries at the six-digit HS level between 1996 and 2012.

5 Empirical results for exports of emerging countries

5.1 Estimating elasticities of substitution

Before discussing the relative export price indices of emerging countries, we need to
describe the estimation of unobservable elasticities of substitution between varieties
(σg) that enter the Eq. (1). Following the approach proposed by Feenstra (1994a, b) and
developed by Broda and Weinstein (2006), and Soderbery (2010, 2013), we specify a
system of demand and supply equations for each individual product g in every import-
ing country. Technical details are provided in “Elasticities of substitution between
varieties” section of Appendix.

Table 1 displays the main characteristics of estimated elasticities of substitution
between varieties for the top 20 world importers.6 The median elasticities of substitu-
tion are typically clustered between 2.3 and 3.9: USA (2.28), China (3.04), Germany

5 The observation is treated as an outlier if the absolute difference between the unit value and the median
unit value of the product category in the particular year exceeds five median absolute deviations. The
exclusion of outliers does not significantly reduce the coverage of the database. In the majority of cases,
less than 2% of total import value was treated as an outlier.
6 Results for other countries are available upon request.
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Table 2 Median elasticity of substitution between varieties for US imports

Source Period Classification Method Median elasticity

Own estimates 1996–2012 6-digit HS LIML/NL 2.28

1996–2012 5-digit SITC LIML/NL 2.22

1996–2012 3-digit SITC LIML/NL 2.05

Broda and Wein-
stein (2006)

1990–2001 10-digit HTS 2SLS/GRID 3.1

1990–2001 5-digit SITC 2SLS/GRID 2.7

1990–2001 3-digit SITC 2SLS/GRID 2.2

Mohler (2009) 1990–2001 10-digit HTS 2SLS/GRID 3.4

Soderbery (2013) 1993–2007 8-digit HS 2SLS/GRID 3.688

1993–2007 8-digit HS 2SLS/NL 3.391

1993–2007 8-digit HS LIML/GRID 2.530

1993–2007 8-digit HS LIML/NL 1.855

2SLS/GRID, two stage least squares with constrained grid search; 2SLS/NL, two stage least squares with
nonlinear search; LIML/GRID, Limited information maximum likelihood with constrained grid search;
LIML/NL, Limited information maximum likelihood with nonlinear search

(3.39). Despite similarities of median elasticities of substitution between varieties
across countries, our results signal a remarkable variation in elasticities of substitu-
tion across products. Literally, elasticities vary between unity and infinity,meaning that
some markets operate under almost perfect competition, while others under monop-
olistic competition. This highlights a significant potential drawback of the traditional
REER, which assumes the same elasticity of substitution for all products.

Table 2 in the Appendix compares our estimates for US imports with the results
found in the empirical literature. In addition, we also report our own estimates of σg for
different levels of disaggregation (3- and 5-digit SITC rev. 3). We see that our results
are higher than those obtained by Soderbery (2013) using nonlinear LIML, while our
estimates are significantly lower than median elasticities reported by Broda andWein-
stein (2006) and Mohler (2009). Differences in the sample period fully explain our
higher median elasticity compared to Soderbery (2013), since we use the same esti-
mation methodology and a lower level of disaggregation (Table 2 shows that estimates
tend to be smaller for more aggregate product groups, as expected). Our sample period
includes the dramatic trade collapse in 2008–2009, which may explain higher esti-
mates and signal that elasticities of substitution could vary over time. Besides sample
period, differences in estimates with Broda and Weinstein (2006), and Mohler (2009)
are also due to the choice of methodology and the level of disaggregation.

5.2 Relative export prices

When elasticities of substitutions are estimated, we start by calculating a conventional
export price index that ignores changes in both the set of competitors and the taste
or quality factors. This index is obtained from the first term of (1) and is shown as
the solid line in Fig. 2 below. We next augment this index by taking into account exit
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Fig. 2 Export prices of emerging countries relative to competitor export prices (2000=100). Sources: UN
Comtrade, authors’ calculations. Relative export prices are calculated by cumulating RXP changes from
Eqs. (1), (2) and (16). Increase denotes losses in competitiveness. RXP starts from 1997 for Brazil, Chile and
Russia due to missing of export data in 1996. a Argentina. b Brazil. c Chile. d China. e India. f Indonesia.
g Mexico. h Russia. i Turkey

and entry of competitors in each narrowly defined goods market (adding the second
term of (1), dashed line). Finally, we adjust the export price index to include product
quality and consumer tastes (using all terms of Eq. (1), line plotted in diamonds).7

Compared to the findings based on REERs, we observe weaker gains or losses in
price competitiveness for these countries using the conventional export price index,

7 We also produce similar calculations for 3- and 5-digit SITC, rev. 3 disaggregation level. Results are
available upon request. In general, we find all RXP indices to be robust, and our conclusions are valid for
alternative choices of disaggregation level.
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although the patterns are comparable with the one reported in Fig. 1. For Brazil,
Chile, Indonesia, Mexico and Turkey both measures show similar dynamics for price
competitiveness, although the RXP exhibits smaller fluctuations in the late 1990s. The
most significant difference is observed for Argentina, where the RXP in Fig. 2 signals
a pronounced loss in price competitiveness since 2006 in contrast to the CPI-based
REER which showed no discernible change over the same period. The conventional
RXP for India even reports a moderate improvement in price competitiveness since
2001 in contrast to results obtained from theREER. Interestingly, RXP-based evidence
for China suggests almost no changes in price competitiveness, although we would
have expected to see stronger evidence of rising price competitiveness in China, given
frequent claims by its trade partners concerning its undervalued currency.8

As all our emerging economies are catching up with their advanced counterparts,
we would expect the convergence in income levels to be accompanied by convergence
in price levels as observed for emerging economies in central and eastern Europe
(Benkovskis and Wörz 2012; Oomes 2005). However, we observe the pronounced
trend of falling price competitiveness only for Russia, which can largely be attributed
to Russia’s oil income. For example, Égert (2005) finds evidence of a clear “Dutch
Disease” pattern for Russia that explains the real appreciation trend. Égert et al. (2003)
also points out exchange rate pass-through, oil price shocks and cyclical factors as
determinants of inflation in Russia. As an observation from our data, when oil prices
collapsed at the beginning of the global economic crisis, prices for Russian exports
fell considerably.9

Adjusting the index for changes in the set of competitors produces no notable
changes—the two lines are almost identical for most countries. The only exception
is Indonesia, for which changes in the set of competitors marginally reduce overall
competitiveness. Table 3 in the Appendix reveals some notable changes in the average
number of competitors faced by emerging economies when exporting a particular
product to a particularmarket.However, one needs to remember that Feenstra’s (1994a,
b) ratio accounts for market shares of new and disappearing varieties, not the number
of varieties. Thus, our results suggest that emerging countries face a stable set of major
rivals, while the changes in the average number of competitors are driven by countries
with tiny shares of the market.

However, as soon as we adjust for non-price factors such as quality improvements
and changes in consumers’ tastes, the results becomemore differentiated. Themajority

8 Coudert and Couharde (2007) relate this undervaluation to the absence of the Balassa–Samuelson effect
in China which can be inferred from the limited degree of currency appreciation despite its strong catching-
up performance. The issue of China’s currency undervaluation is not only a hot topic because of large
trade imbalances with some advanced countries (most prominently the US) but also within the context of
competition among emerging markets. Pontines and Siregar (2012) note the great concern in East Asian
countries over relative appreciation against the renminbi and to a lesser extent against the US dollar that
points to strong intra-regional price competition. Gallagher et al. (2008) mention Chinese undervaluation
as a potential detrimental effect on Mexico’s export performance beyond purely domestic factors.
9 Given the relatively inelastic demand for oil products in normal times, this deterioration in Russian price
competitiveness up to 2008 did not impact notably on Russia’s global market share, a fact well documented
in the empirical literature (e.g. Ahrend 2006; Cooper 2006; Porter et al. 2007; Robinson 2009, 2011) and
discussed below.
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Table 3 Weighted number of competitors

1997 2000 2003 2006 2009 2012

Argentina 15.4 18.8 20.6 21.5 19.3 18.9

Brazil 22.1 25.7 26.7 25.9 23.3 25.8

Chile 18.5 20.1 20.9 20.6 23.6 24.2

China 29.5 36.1 40.8 45.5 45.0 46.8

India 30.8 35.9 34.3 35.7 32.4 33.8

Indonesia 31.7 28.7 28.2 27.1 22.9 26.6

Mexico 39.6 47.3 49.8 51.9 51.2 52.7

Russia 16.6 23.2 21.6 26.3 29.7 37.5

Turkey 32.3 39.4 40.6 38.9 33.2 32.2

The weighted number of competitors is calculated as the number of countries with nonzero exports to a
specific market (defined as importer country—product pair), weighted by the share of the particular market
in the respective emerging country’s exports. Calculations are based on UN Comtrade data at the most
disaggregated level (6-digit HS)

of countries in our sample show clear improvements in non-price competitiveness (as
reflected in a falling double-adjusted export price index).

China, in particular, stands out. Prices of Chinese goods on international markets
fell by more than 40% since 2000 after correcting for quality improvements and
other non-price factors. Among countries in our sample, only Turkey comes close to
realizing such a large gain in competitiveness. Indeed, just a few small, highly open
transition countries in central, eastern and south-eastern Europe display comparable
improvements in non-price adjusted competitiveness over the sameperiod (Benkovskis
and Wörz 2012). This suggests that China’s inexorable rise as a trading power—we
see China overtake Germany to become the world’s largest exporter in 2009—is based
on a combination of non-price factors and an abundance of relatively cheap labour.
Our finding here corroborates the earlier results of Fu et al. (2012), who observe
weakening price competition and rising importance of non-price factors such as quality
and variety for China over the period 1989-2006. They analyse unit prices of imports
into the EU, Japan and the USA (a smaller and more homogenous market than in
our analysis) and conclude that this trend, if sustained, poses a serious threat to high-
income countries. Pula and Santabárbara (2011) come to similar conclusions and state
that China’s exports climb up the quality ladder. Our findings also support the view
that a revaluation of the exchange rate would only have a limited impact on China’s
competitiveness (Mazier et al. 2008; Coudert and Couharde 2007).

The substantial improvement in Russia’s non-price competitiveness observed in our
non-price adjusted index tracks primarily oil exports, Russia’s prime export good.10

Whenoil is excluded from the analysis, only a small improvement in non-price compet-
itiveness is observed for Russia (see Fig. 3 in the Appendix). This finding comports
with the empirical literature on Russia’s competitiveness. Ahrend (2006) finds that
Russia has experienced great increases in labour productivity in its major export sec-

10 Mineral products, which include gas and oil, accounted for 70% of Russia’s total exports in 2012.
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Fig. 3 Export prices of emerging countries relative to competitors, excluding mineral fuels exports
(2000=100). Sources: UN Comtrade, authors’ calculations. Relative export prices are calculated by cumu-
lating RXP changes from Eqs. (1), (2) and (16). Increase denotes losses in competitiveness. RXP starts from
1997 for Brazil, Chile and Russia due to missing of export data in 1996. a Argentina. b Brazil. c Chile. d
China. e India. f Indonesia. g Mexico. h Russia. i Turkey

tors, but qualifies this with the observation that these increases in competitiveness are
largely limited to a small number of primary commodity and energy-intensive sectors.
Robinson (2009) points out Russia’s dependence on oil exports carry a persisting risk
of Dutch Disease problems. Subsequently, he argues that political reform is needed
to abate this risk (Robinson 2011). Finally, Ferdinand (2007) observes similarities
between Russia and China in their orientation towards building on and promoting
national industrial champions and the tendency of this approach to foster specializa-
tion.

Brazil, Chile and India also show sizable improvements in their non-price adjusted
competitiveness, a finding which is robust when oil products are excluded from the
analysis. In line with our results, Brunner andMassimiliano (2006) also observe rising
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unit values for South Asia in their analysis of technology upgrading in this regions.
However, they report a closing of the technology gap by the South Asian countries
only with respect to Southeast Asia and not with respect to OECD countries. Inter-
estingly, our detailed results for India by trading partners11 show the same pattern
only for the first half of our observation period; the picture becomes more differen-
tiated in more recent years with an increase in non-price competitiveness on the US
market accelerating from 2005 onwards. We also observe strong rises in price com-
petitiveness vis-á-vis France and the UK. The results for Turkey suggest significant
improvements in non-price factors, a finding which is again robust when oil exports
are excluded.

We also observe some apparent losses in non-price competitiveness in Indonesia,
although the size of these losses is not robust to excluding oil exports.12 The non-
price competitiveness of Argentina does not affect RXP adjusted by non-price factors
when we analyse total exports. However, Fig. 3 in the Appendix reveals that when oil
is excluded, Argentina has a moderate positive trend in non-price competitiveness.
Finally, Mexico shows some clear signs of weakening non-price competitiveness
before 2006, the results are invariant to excluding oil products. Gallagher et al.
(2008) mention factors that can explain these losses, such as the decline in pub-
lic and infrastructure investment in Mexico, limited access to bank credit for export
purposes and the lack of a government policy to spur technological innovation. How-
ever, we observe gradual improvements in non-price competitiveness of Mexico since
2006.

In contrast to the findings based on REERs, the crisis in 2009 is less visible in these
indices. This is to be expected; changes in non-price factors are driven more strongly
by structural (i.e. longer-term) factors than exchange rates and consumer prices, which
react quickly to changes in global demand conditions. However, there is some evidence
of a temporary drop in non-price competitiveness during the crisis. One can observe a
fall in non-price competitiveness for Chile, India and Turkey in 2009–2010. This could
be both supply and demand driven. On the one hand, emerging countries’ enterprises
could have postponed some of their investment projects because of the financial crisis,
thus slowing down the process of quality upgrading in their production. On the other
hand, the drop in consumers’ disposable income could have shifted demand towards
less-qualitative and cheaper products from emerging countries.

5.3 Relative taste or quality by HS sections

In order to gain a better understanding of the reasons behind changes in non-price
competitiveness, Table 4 in the Appendix reports sectoral details of the importance of
relative taste or quality for the competitiveness of nine emerging countries. We focus
on the most important export categories in terms of their share in emerging coun-

11 These results are available from the authors on request.
12 Mineral products are themost important export category for Indonesia, representing 33%of total exports
in 2012.
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Table 4 Role of non-price factors by main sections (ratio of conventional to adjusted RXP)

2003 2006 2009 2012 Share in total
exports in 2012
(%)

Total excluding mineral fuels Argentina 0.941 0.988 1.026 1.088 93.9

Brazil 0.974 1.193 1.126 1.191 89.1

Chile 0.875 1.071 0.978 1.005 99.1

China 1.199 1.567 1.793 1.972 98.5

India 0.998 1.101 1.156 1.231 81.2

Indonesia 0.951 0.908 0.996 0.909 66.6

Mexico 0.836 0.812 0.851 0.864 85.9

Russia 1.025 1.059 1.022 1.132 29.7

Turkey 1.154 1.489 1.551 1.507 95.1

Vegetable products Argentina 0.941 0.934 1.005 1.149 20.0

Brazil 0.875 1.016 0.887 1.195 12.8

Chile 0.839 0.719 0.808 0.820 7.6

China 0.947 1.201 1.051 1.089 0.9

India 1.057 0.905 0.984 1.020 7.7

Indonesia 0.886 0.719 0.663 0.675 1.6

Mexico 0.972 1.034 1.100 1.069 2.5

Russia 1.209 1.516 1.643 2.318 1.4

Turkey 0.767 0.947 1.009 0.914 4.2

Products of the chemical or
allied industries

Argentina 0.973 0.917 1.019 1.129 7.4

Brazil 0.966 1.058 1.107 1.276 4.8

Chile 0.899 1.202 0.967 0.889 4.5

China 1.129 1.444 1.948 2.279 4.6

India 1.147 1.406 1.657 2.118 10.8

Indonesia 1.076 0.916 0.958 1.244 5.4

Mexico 0.891 0.704 0.571 0.620 3.1

Russia 1.019 0.921 0.893 0.924 4.4

Turkey 1.103 1.463 1.630 1.738 3.1

Textiles and textile articles Argentina 0.895 0.806 0.786 0.736 0.8

Brazil 1.253 1.489 1.868 2.485 1.4

Chile 0.935 0.945 0.808 0.451 0.8

China 1.005 1.167 1.274 1.370 12.0

India 0.990 1.180 1.289 1.326 11.3

Indonesia 0.890 0.994 1.043 1.212 6.6

Mexico 0.846 0.591 0.489 0.419 1.8

Russia 0.797 0.616 0.472 0.399 0.1

Turkey 1.257 1.409 1.444 1.409 16.5
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Table 4 continued

2003 2006 2009 2012 Share in total
exports in 2012, %

Base metals and articles of
base metal

Argentina 1.077 0.836 1.073 0.937 3.5

Brazil 1.125 1.078 1.020 1.103 7.1

Chile 1.089 1.276 1.426 1.436 35.4

China 1.095 1.668 1.888 2.235 7.3

India 1.131 1.349 1.304 1.082 7.6

Indonesia 1.001 1.071 1.166 1.121 4.9

Mexico 0.931 0.944 0.891 1.045 4.5

Russia 1.063 1.076 1.029 1.172 8.5

Turkey 1.089 1.328 1.401 1.601 14.4

Machinery and mechanical
appliances

Argentina 0.615 0.831 1.066 1.380 2.9

Brazil 1.074 1.249 1.265 1.104 7.8

Chile 0.766 0.810 0.684 0.722 1.7

China 1.465 2.010 2.394 2.573 42.1

India 0.999 1.149 1.301 1.351 7.5

Indonesia 1.024 1.038 0.979 1.001 8.9

Mexico 0.892 0.811 0.861 0.876 34.6

Russia 1.156 1.276 1.196 1.203 2.3

Turkey 1.225 1.309 1.658 1.830 14.0

Vehicle and associated trans-
port equipment

Argentina 0.922 1.317 1.246 1.459 13.1

Brazil 1.134 1.134 0.839 0.776 8.0

Chile 0.620 0.402 0.303 0.232 1.3

China 1.289 1.335 1.661 1.864 5.3

India 1.124 1.284 1.528 2.562 6.3

Indonesia 0.877 1.256 1.016 1.186 3.1

Mexico 1.003 0.905 1.267 1.708 19.7

Russia 0.730 0.765 0.676 0.726 1.2

Turkey 1.232 2.038 1.670 1.321 10.8

Calculated using UN Comtrade data. Role of non-price factors is evaluated as the ratio of the conventional
RXP to the adjusted RXP. A value greater than 1 indicates a positive contribution of non-price factors to
overall competitiveness

tries’ exports in 2012 (vegetable products, chemical products, textiles, base metals,
machinery and mechanical appliance, vehicles).13

As discussed in the previous subsection, we observe the most significant improve-
ment in non-price competitiveness for China—the adjusted RXP is almost half as low
as the conventional RXP indicating a strong contribution of non-price factors above
and beyond pure price and cost factors or variety effects for China’s competitive posi-

13 Mineral products were excluded from the selection due to the very specific nature of this category.
Moreover, the contribution of mineral products can be assessed by comparing the results in Figs. 2 and 3.
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tion between 2000 and 2012. This result is invariant to including mineral products.
Non-price competitiveness gains are of particular importance in vehicles and associ-
ated transport equipment, chemicals and base metals. The most pronounced gains in
relative taste or quality are observed for machinery andmechanical appliances (consti-
tuting more than 40% of China’s exports). The implications of these enormous gains
in China’s international non-price competitiveness have been noted in several recent
discussions. For example, Kaplinsky and Morris (2008) assert that the dominance of
China in sectors such as textiles and clothing that serve traditionally as early sectors
for industrialization not only precludes gains by other emerging countries but shuts
down opportunities for less-developed countries even thinking about embarking on
an export-led growth strategy in these sectors. Indeed, our results show that China’s
dominance in textiles is due in large part to the contribution of non-price factors.

Brazil, India and Turkey—other emerging countries that show discernible improve-
ments in their competitive position due to non-price factors—also perform well in
almost all major product sections (except for Turkish vegetable product exports and
exports of vehicles from Brazil). The most striking improvements in non-price com-
petitiveness are observed for exports of chemical products from India and Turkey,
textiles from Brazil, machinery from Turkey and motor vehicles from India.

The remaining emerging economies in our sample display more heterogeneous
results. Argentina, Chile, Indonesia, Mexico and Russia show improvements in non-
price competitiveness in some product groups and deteriorations in others. For
example, non-price factors positively affected export performance of Indonesian
exporters of textiles in contrast to being a drag on Russia’s and Mexico’s textile
exports. We find positive effects of non-price factors in this sector also for China,
India and Turkey which is in line with general shifts in global production of textiles
towards Asian countries.

6 Conclusions

This paper highlights an often-overlooked aspect of international competitiveness in
the discussion of emerging economies export strength that traditionally focuses on
price competitiveness. The effects of sharp or forced devaluations are frequently dis-
cussed (hardly surprising given the long history of currency crises in such economies)
and generally follow a narrative that the abundance of relatively cheap labour in these
markets provides them with considerable cost advantages. To our knowledge, how-
ever, there is no study that explicitly analyses non-price competitiveness in emerging
economies within the narrowly defined concept of competitiveness as “a country’s
ability to sell goods internationally.”

To fill this gap and go beyond pure price competitiveness, wemeasure the evolution
of competitiveness by relative export prices, allowing for entry and exit of competitors
in narrowly defined goods markets and controlling for changes in non-price aspects
(e.g. quality or consumer tastes) of exported goods over time. Drawing on our earlier
work (Benkovskis and Wörz 2014) that extends the approach developed by Feenstra
(1994a, b), Broda and Weinstein (2006), we consider a highly disaggregated data set
of global imports and exports at the detailed 6-digit HS level (yielding more than 5000
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products) over the period 1996–2012. The sample consists of nine emerging economies
(Argentina, Brazil, Chile, China, India, Indonesia, Mexico, Russia and Turkey) that
together represent roughly one-fifth of total world exports.

While we also observe some losses in price competitiveness for several countries
in our sample when we base our conclusions on traditional export unit values, these
losses are less pronounced compared to the results drawn fromCPI-based real effective
exchange rates. Taking changes in the global set of competitors into account does not
alter the picture, which shows that the set of major competitors is fairly stable in any
given year. However, as soon as we allow for non-price factors such as changes in the
(physical or perceived) quality of exported products, we observe more pronounced
trends for individual emerging markets.

Perhaps our foremost finding is that non-price factors have contributed strongly
to China’s gains in international competitiveness. Thus, we conclude that China has
assumed its dominant role in the global market through non-price factors, as well as
other factors such as the size and structure of its labour force. Our results suggest
that the role of the exchange rate in explaining China’s competitive position may have
been overstressed by some of China’s critics. Further, Brazil, Chile, India and Turkey
show discernible improvements in their competitive position. The surprisingly strong
non-price related improvement of Russia’s export position is entirely related to devel-
opments in the oil sector with mineral products accounting for more than two-thirds
of Russian exports in 2012. We also observe moderate losses in non-price competi-
tiveness for Indonesia, which mostly can be ascribed to exports of oil products. When
oil is excluded, Argentina shows a moderate positive trend in non-price competitive-
ness. Finally, we observe a loss in Mexican non-price competitiveness before 2006,
confirming earlier findings in the literature; the non-price competitiveness of Mexico
restores afterwards, however.

Although our analysis is based on highly disaggregated data and separates price
from non-price effects, it still does not yield a comprehensive picture of competi-
tiveness. Competitiveness continues to be a vague concept, and therefore, multiple
approaches have to be combined before drawing firmer conclusions. However, our
analysis points towards important factors often ignored, mostly because data sources
are missing. Our methodology offers a simple—yet theoretically sound—way to
look explicitly at price versus non-price adjustments in international competitiveness.
Another important issue that emerges is the increasing global integration of production
and shifts in geographic patterns of production chains. Internationalization of produc-
tion implies a diminishing domestic component of exports, so data on gross trade
flows are no more an adequate representative of a country’s competitiveness. Com-
bining trade data with information from input–output tables is a potential solution
pointing the direction for further research on the value-added content of exports.
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Appendix

Import price index

Household utility function

We closely follow Broda and Weinstein (2006) and define a constant elasticity of
substitution (CES) utility function for a representative household consisting of three
nests. At the topmost level, a composite import good and domestic good are consumed:

Ut =
(
D

κ−1
κ

t + M
κ−1
κ

t

) κ
κ−1 ; κ > 1, (3)

where Dt is the domestic good, Mt is composite imports and κ is the elasticity of
substitution between domestic and foreign good. At the middle level of the utility
function, the composite imported good consists of individual imported products:

Mt =
⎛

⎝
∑

g∈G
M

γ−1
γ

g,t

⎞

⎠

γ
γ−1

; γ > 1, (4)

where Mg,t is the subutility from consumption of imported good g, γ is elasticity of
substitution among import goods and G denotes the set of imported goods.

The bottom-level utility function introduces variety and quality into themodel. Each
imported good consists of varieties (i.e. goods have different countries of origins, so
product variety indicates the set of competitors in a particular market). A taste or
quality parameter denotes the subjective or objective quality consumers attach to a
given product. Mg,t is defined by a non-symmetric CES function:

Mg,t =
⎛

⎝
∑

c∈Cg,t

d
1

σg
gc,tm

σg−1
σg

gc,t

⎞

⎠

σg
σg−1

; σg > 1 ∀ g ∈ G, (5)

where mgc,t denotes quantity of imports g from country c,Cg,t is a set of all partner
countries, dgc,t is the taste or quality parameter and σg is elasticity of substitution
among varieties of good g.

Conventional import price index

After solving the utility maximization problem subject to the budget constraint, the
minimum unit-cost function of import good g is defined as

φ(pg,t ,Cg,t , dg,t ) =
⎛

⎝
∑

c∈Cg,t

dgc,t p
1−σg
gc,t

⎞

⎠

1
1−σg

, (6)
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where φ denotes minimum unit-cost function of import good g, pgc,t is the price of
good g imported from country c, pg,t and dg,t are the corresponding vectors of prices
and taste/quality parameters of good g in period t . The price index for good g is defined
as a ratio of minimum unit costs in the current period to minimum unit costs in the
previous period:

Pg ≡ φ
(
pg,t ,Cg,t , dg,t

)

φ
(
pg,t−1,Cg,t−1, dg,t−1

) . (7)

The conventional assumption is that taste or quality parameters are constant over
time (dg = dg,t = dg,t−1), and the set of varieties is unchanged. The price index
is calculated over the set of product varieties Cg = Cg,t ∩ Cg,t−1 available both in
periods t and t − 1, where Cgt ⊂ C is the subset of all varieties of goods consumed in
period t . Sato (1976) and Vartia (1976) show that, for a CES function, the exact price
index will be given by the log-change price index

Pconv
g ≡ φ

(
pg,t ,Cg, dg

)

φ(pg,t−1,Cg, dg)
=

∏

c∈Cg

(
pgc,t
pgc,t−1

)wgc,t (Cg)

, (8)

whereby weights wgc,t (Cg) are computed using cost shares sgc,t (Cg) for the set of
product varieties available in periods t and t − 1 as follows:

wgc,t (Cg)=
sgc,t (Cg)−sgc,t−1(Cg)

ln sgc,t (Cg)−ln sgc,t−1(Cg)

∑
c∈Cg

sgc,t (Cg)−sgc,t−1(Cg)

ln sgc,t (Cg)−ln sgc,t−1(Cg)

; sgc,r (Cg) ≡ pgc,r xgc,r∑
c∈Cg

pgc,r xgc,r
; r = t − 1, t,

where xgc,t is the cost-minimizing quantity of good g imported from country c.

Adjusting for changes in varieties

The import price index in (8) ignores possible changes in variety (set of partner coun-
tries) and taste or quality. Feenstra (1994a, b) relaxes the underlying assumption that
variety is constant. The cost share of imports from country c in total imports of good
g in period t is given by:

sgc,t (Cg,t ) ≡ pgc,t xgc,t∑
c∈Cg,t

pgc,t xgc,t
= p

1−σg
gc,t dgc,t

φ(pg,t ,Cg,t , dg,t )1−σg
, (9)

from which it follows that

sgc,t (Cg,r ) = sgc,t (Cg)λg,r , (10)

where
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λg,r ≡

∑
c∈Cg

pgc,r xgc,r

∑
c∈Cg,r

pgc,r xgc,r
; r = t − 1, t.

After taking the summation of (10) over c ∈ Cg and raising to the power 1/(σg−1):

⎛

⎝λg,r

∑

c∈Cg

sgc,r (Cg)

⎞

⎠

1
σg−1

= λ

1
σg−1
g,r = φ

(
pg,r ,Cg,r , dg,r

)
⎛

⎝
∑

c∈Cg

dgc,t p
1−σg
gc,t

⎞

⎠

1
σg−1

= φ
(
pg,r ,Cg,r , dg,r

)

φ
(
pg,r ,Cg, dg,r

) ,

from which one could obtain

φ
(
pg,t ,Cg,t , dg,t

)

φ
(
pg,t−1,Cg,t−1, dg,t−1

) = φ
(
pg,t ,Cg, dg,t

)

φ
(
pg,t−1,Cg, dg,t−1

)
(

λg,t

λg,t−1

) 1
σg−1

.

This is the brief proof of the Proposition 1 in Feenstra (1994a, b) and Broda and
Weinstein (2006), which posit that if dg = dg,t = dg,t−1 for c ∈ Cg = (Cg,t ∩Cg,t−1),
Cg �=Ø, then the exact price index for good g is given by

P f
g ≡ φ

(
pg,t ,Cg,t , dg

)

φ
(
pg,t−1,Cg,t−1, dg

) =
∏

c∈Cg

(
pgc,t
pgc,t−1

)wgc,t (Cg)
(

λg,t

λg,t−1

) 1
σg−1

= Pconv
g

(
λg,t

λg,t−1

) 1
σg−1

. (11)

Therefore, the price index derived in (8) is multiplied by an additional term to
capture the role of new and disappearing varieties.

Adjusting for changes in taste or quality parameter

The price index in (11) assumes that taste or quality parameters are unchanged for all
varieties existing in both periods (dg = dg,t = dg,t−1). Benkovskis and Wörz (2014)
further introduce an import price index that allows for changes in taste or quality. The
derivation is straightforward and directly follows from Feenstra (1994a, b) and Broda
and Weinstein (2006). From (9) we obtain that

φ
(
pg,t ,Cg, dg,t

)

φ
(
pg,t−1,Cg, dg,t−1

) = sgc,t (Cg)
1

σg−1 pgc,t d
1

1−σg
gc,t

sgc,t−1(Cg)
1

σg−1 pgc,t−1d
1

1−σg
gc,t−1

. (12)
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After taking the geometric mean of (12) using weights wgc,t (Cg) we arrive to

φ(pg,t ,Cg, dg,t )

φ(pg,t−1,Cg, dg,t−1)
=

∏

c∈Cg

⎛

⎜⎝
pgc,t d

1
1−σg
gc,t

pgc,t−1d
1

1−σg
gc,t

⎞

⎟⎠

wgct(Cg)

∏

c∈Cg

⎛

⎝ sgc,t
(
Cg

) 1
σg−1

sgc,t−1
(
Cg

) 1
σg−1

⎞

⎠
wgct(Cg)

. (13)

To prove that the last term of (13) equals unity, we take its natural log:

∑

c∈Cg

wgct (Cg)

σg − 1

(
ln sgc,t (Cg) − ln sgc,t−1(Cg)

)

=
1

σg−1

∑
c∈Cg

(
sgc,t (Cg) − sgc,t−1(Cg)

)

∑
c∈Cg

(
sgc,t (Cg)−sgc,t−1(Cg)

ln sgc,t (Cg)−ln sgc,t−1(Cg)

) = 0,

since the sum of cost shares equals unity in both t and t − 1. Thus,

φ(pg,t ,Cg, dg,t )

φ(pg,t−1,Cg, dg,t−1)
=

∏

c∈Cg

(
pgc,t
pgc,t−1

)wgct (Cg) ∏

c∈Cg

(
dgc,t
dgc,t−1

)wgct (Cg )

1−σg ;

Pq
g ≡ φ

(
pg,t ,Cg,t , dg,t

)

φ(pg,t−1,Cg,t−1, dg,t−1)

=
∏

c∈Cg

(
pgc,t
pgc,t−1

)wgct (Cg)
(

λg,t

λg,t−1

) 1
σg−1 ∏

c∈Cg

(
dgc,t
dgc,t−1

)wgct (Cg )

1−σg

= P f
g

∏

c∈Cg

(
dgc,t
dgc,t−1

)wgct (Cg)
1−σg

. (14)

Equation (14) can therefore be seen as a more general version of Eq. (11) with an
additional term that captures changes in the quality or taste parameter.14

14 Actually, Feenstra’s (1994a) approach also may take into account taste or quality parameter changes, as
“. . .change in the number of varieties within a country acts in the same manner as a change in the taste or
quality parameter for that country’s imports.” Therefore, one can interpret increasing quality as replacement
of a low-quality variety by a high-quality variety. Although both approaches lead to the same import price
index, the decomposition and interpretation differs in (11) and (14). In order to account for changes in taste
or quality, the first term of (11) should be limited to varieties with unchanged taste or quality that were
imported in both periods, thus representing “pure” or “quality-adjusted” price changes. However, the set of
such stable varieties may be rather small (especially if we interpret dgc,t as taste). In contrast, the first term
of Eq. (13) captures price changes for the wider set of varieties (i.e. the full set of varieties imported in both
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Note that (14) does not contradict the Proposition 2 from Feenstra (1994b), which
states that even when dg,t changes over time, a price index in (11) can be interpreted as
a ratio of minimum unit costs with constant taste or quality parameters lying between a
normalized version of dg,t−1 and dg,t . According to the Proposition 2, one can always
find the vector of constant taste or quality parameters for which the exact price index
will coincide with price index in (11). Thus, the Proposition 2 does not state that
one can evaluate the exact price index by using (11) in the case of dg,t−1 �= dg,t .
Rather it provides useful interpretation of obtained price index that still ignores the
developments of taste or quality.

Relative export price index

Equation (14) gives us a formula for a variety- and quality-adjusted import price
index. We can easily interpret xgc,t (imports of product g originating from country
c) as country’s c exports of a product g to the importing market (assuming for the
moment that there exists only one destination of exports for all exporting countries—
the importing country where the representative household resides). From Eq. (9), it
follows that the market share of an emerging country k equals to

sgk,t (Cg,t ) = pgk,t xgk,t∑
c∈Cg,t

pgc,t xgc,t
= p

1−σg
gk,t dgk,t

φ(pg,t ,Cg,t , dg,t )1−σg
,

and we further derive changes in adjusted relative export price as inverse growth of
country k’s export market share:

RXPgk,t = sgk,t−1(Cg,t )

sgk,t (Cg,t )

=
(
pgk,t/pgk,t−1

)σg−1

(
φ

(
pg,t ,Cg,t , dg,t

)
/φ

(
pg,t−1,Cg,t−1, dg,t−1

))σg−1 (
dgk,t/dgk,t−1

) ,

(15)

where RXPgk,t represents changes in the adjusted relative export price index for an
emerging country k, when defined for a single market (exports of good g to a single
destination country). We use the inverse growth of the market share in order to keep
the usual interpretation of the relative price indicator—an increasing index denotes
losses in competitiveness. Combining (14) and (15), we obtain

RXPgk,t =
∏

c∈Cg

(
pgk,t
pgc,t

pgct−1

pgk,t−1

)(σg−1)wgc,t(Cg) (
λg,t−1

λg,t

)

Footnote 14 continued
periods), although the price changes now include the effect of taste or quality. In addition, (13) allows to
differentiate changes in variety from changes in taste or quality.
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∏

c∈Cg

(
dgk,t
dgc,t

dgc,t−1

dgk,t−1

)−wgc,t (Cg)

. (1)

Finally, we need to design an aggregate relative export price; the index in (1) only
describes relative export prices for a specific product exported to a particular market.
The assumption of a single destination for exports is relaxed to allow for multiple
importing countries. In all these countries, consumers are assumed to be maximizing
their utility. All parameters and variables entering the three-layered utility function
can differ across countries. If we denote the export price, export volume and relative
export price index of a product g exported by emerging country k to country i as
p(i)gk,t , x(i)gk,t and RXP(i)gk,t accordingly, the aggregate-adjusted relative export
price index can be defined as

RXPk,t =
∏

i∈I

∏

g∈G
RXP(i)

W (i)g,t
gk,t , (2)

where

W (i)g,t = S(i)g,t + S(i)g,t−1

2
; S(i)g,t = p(i)gk,t x(i)gk,t∑

i∈I
∑
g∈G

p(i)gk,t x(i)gk,t
.

The aggregate index (RXPk,t ) in Eq. (2) is just the Tornqvist index. Its weights are
computed using the share of product g exports to country i out of total exports by
country k.

Evaluation of relative quality

The calculation of the adjusted relative export price index in (1) is challenging as
relative taste or quality is unobservable. Following Hummels and Klenow (2005), we
evaluate unobserved taste or quality from the utility optimization problem, i.e. after
taking first-order conditions and transformation into log-ratios, we express relative
taste or quality in terms of relative prices, volumes and the elasticity of substitution
between varieties as

ln

(
dgc,t
dgk,t

)
= σg ln

(
pgc,t
pgk,t

)
+ ln

(
xgc,t
xgk,t

)
, (16)

where k denotes a particular emerging country.
Relative taste or quality, as any relative measure, is highly sensitive to the choice

of a benchmark country. The emerging country of interest serves as a benchmark in
our analysis. This choice is driven by the design of the RXP index, which compares
export prices and quality of an emerging country to weighted world export prices and
quality.
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Elasticities of substitution between varieties

Weestimate elasticities of substitution between varieties according to themethodology
proposed by Feenstra (1994a, b) 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 from (6) in terms of market share, taking first differences and ratios to a
reference country l:15

� ln
sgc,t (Cg,t )

sgl,t (Cg,t )
= − (

σg − 1
)
� ln

pgc,t
pgl,t

+ εgc,t , (17)

where εgc,t = �lndgc,t + ξgc,t , and ξgc,t is an error term (e.g. a measurement error) in
the demand equation. Following Feenstra (1994a, b) and Broda andWeinstein (2006),
we treat εgc,t as an unobserved random variable, reflecting changes in the taste or
quality of product variables. Note that dgc,t reflects fundamental characteristics of a
particular variety and should be treated as exogenous.16

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

� ln
pgc,t
pgl,t

= ωg

1 + ωg
� ln

sgc,t (Cg,t )

sgl,t (Cg,t )
+ δgc,t , (18)

where ωg ≥ 0 is the inverse supply elasticity assumed to be the same across part-
ner countries, and δgc,t is an error term of supply equation which is assumed to be
independent of εgc,t .

A nasty feature of the system of (17) and (18) is the absence of exogenous variables
to identify and estimate elasticities. By rearranging (17) and (18), one can get the
following system that cannot be estimated:

� ln
pgc,t
pgl,t

= ωg

1 + ωgσg

(
� ln dgc,t + ξgc,t

) + 1 + ωg

1 + ωgσg
δgc,t ,

� ln
sgc,t (Cg,t )

sgl,t (Cg,t )
= −

(
1 − ωg

)
(σg − 1)

1 + ωgσg
δgc,t + 1 + ωg

1 + ωgσg

(
� ln dgc,t + ξgc,t

)
.

To get the estimates, the system of two equations is transformed into a single equa-
tion by exploiting the insight of Leamer (1981) and the independence of errors εgc,t and
δgc,t .17 This is done by multiplying both sides of the equations. After transformation,
the following equation is obtained:

15 Although the choice of l could be arbitrary in theory, Mohler (2009) shows that estimates are more
stable if the dominant supplier (the country exporting the respective product for the most time periods) is
chosen.
16 Equation (17) states that one can proxy relative dgc,t by other observable variables, but it does not state
the dependence.
17 The independence assumption relies on the assumption that taste or quality do not enter the residual of
the relative supply equation (δgc,t ). If this does not hold, errors are not independent since changes in taste
or quality enter εgc,t . The assumption of the irrelevance for the supply function seems realistic for taste (if
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(
� ln

pgc,t
pgl,t

)2

= θ1

(
� ln

sgc,t (Cg,t )

sgl,t (Cg,t )

)2

+ θ2

(
� ln

pgc,t
pgl,t

) (
� ln

sgc,t (Cg,t )

sgl,t (Cg,t )

)
+ ugc,t , (19)

where

θ1 = ωg

(1 + ωg)(σg − 1)
; θ2 = 1 − ωg(σg − 2)

(1 + ωg)(σg − 1)
; ugc,t = εgc,tδgc,t .

Note that the evaluation of θ1 and θ2 leads to inconsistent estimates as relative price
and relative market share are correlated with error ugc,t . 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 elas-
ticities are imaginary or of the wrong sign, the grid search procedure is implemented.
Broda and Weinstein (2006) also address the problem of measurement error and het-
eroskedasticity by adding a term inversely related to the quantity andweighting the data
according to the amount of trading flows. Recent papers by Soderbery (2010, 2013),
however, report that this methodology generates severely biased elasticity estimates
(median elasticity of substitution is overestimated by more than 35%). Soderbery
(2010, 2013) proposes the use of a limited information maximum likelihood (LIML)
estimator instead. Where estimates of elasticities are not feasible (θ̂1 < 0), nonlinear
constrained LIML is implemented. Monte Carlo analysis performed by Soderbery
(2010, 2013) demonstrates that this hybrid estimator corrects small sample biases
and constrained search inefficiencies. It further shows that Feenstra’s (1994a) orig-
inal method of controlling a measurement error with a constant and correcting for
heteroskedasticity by the inverse of the estimated residuals performs well. We thus
follow Soderbery (2010, 2013) and use a hybrid estimator, combining LIML with a
constrained nonlinear LIML to estimate elasticities of substitution between varieties
using the Feenstra’s (1994a, b) method.
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