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Productivity, Markups and International Trade:
The Case of Small Open Economy*

Umut Kiling'

Abstract

Empirical evidence suggests that exporter firms tend to charge higher markups
than non-exporters, which is largely attributed to trade barriers. This study, how-
ever, finds that exporter firms have on average lower markups in Luxembourg.
According to the trade theory, trade barriers are not the only factor that can influ-
ence markups, and under certain conditions, markups can be lower for exporters.
This paper attempts to assess the patterns of micro-level markup variation due to
differences in the characteristics of export destination markets. Estimating export
demand functions using detailed product-level data, this study shows that markups
are particularly low for exports to large, nearby, highly productive and the EU mem-
ber countries. The main trade partners of Luxembourg exhibit these characteristics
which explain the negative correlation of markups with firms’ export intensity. The
trade-driven markup variation has important implications for applied research. In
a small open economy, exporters’ productivity may be biased downward when mea-
sured by nominal input and outputs. Nominal productivity may also erroneously
lead to a negative link between openness to trade and allocative efficiency.
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1 Introduction

International trade acts as a selection mechanism that allows only the most successful
producers to seek new profit opportunities in foreign markets. Once firms sell their
products globally, this does not only affect their profits but also their size in the domestic
economy. Establishments that enter into export markets tend to expand their input shares
in the home country to meet the foreign demand. The expanding effect of exporting on
firm size creates additional competitive pressure on non-exporting local producers and
forces the less productive ones to shrink or exit. From a macro perspective, openness to
international trade reallocates the resources of the home country towards more efficient
uses so that enhances aggregate productivity growth for a given technological frontier.
The functioning of the resource allocation mechanism is critical for an economy to
enjoy the gains from trade. Obstacles to factor mobility or to firm exit or entry into
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domestic and foreign markets can interrupt or reverse the link between international
trade and allocative efficiency. Monitoring the patterns of trade and resource allocation,
therefore, is of particular importance for the economic policy. To ensure that foreign
trade influences the reallocation of resources in the right direction, one needs to verify
two properties by micro data. First, openness to international trade induces a selection
that only allows most productive establishments to enter into export markets. Second,
firms expand their input share in the domestic economy, when they enter into export
markets (e.g. Melitz and Trefler, 2012). The second property is not difficult to verify
using micro data, so that it would be sufficient to compare firms’ input shares with
their export status. Verifying the first property, however, requires computing micro-
level productivity which is not straightforward in the context of international trade. The
standard measures of firm-level productivity, which is based on nominal input and outputs
deflated by aggregate price indices, embody price effects. These price effects are in the
form of price-cost markups that are endogenous to firms’ trade activities. The nominal
or revenue productivity, therefore, can be a distorted measure of the technical efficiency
in production and bias the analysis of the link between productivity and export status.
This study attempts to detect the patterns of markup variation due to firms’ exporting
activities and to understand the importance of this markup variation for the analysis of
the link between productivity and trade. The first part of the study estimates markups
and productivity for manufacturing firms in Luxembourg through a production function
specification and finds that both are negatively correlated with the export intensity.
To understand whether price effects bias the productivity measurement, a proxy for
quantity productivity is retrieved from the production function estimates. The quantity
productivity indicates that exporters are more productive than domestic establishments,
which verifies that export market section is based on productivity. The second part
of the empirical analysis introduces volume and quantity data for internationally traded
products and estimates export demand functions to assess the factors driving the markup
variation at the micro-level. The results provide insights into how export destination
market characteristics influence the markups of exporters. The analysis detects significant
markup variation for products exported to destinations with different characteristics in
terms of market size, productivity advantage, distance and the EU membership status.
Besides showing that markups can be lower for exporters than for non-exporters, this
study provide new empirical evidence on the role of factors other than trade barriers in
shaping exporters’ markups. The analysis goes beyond the comparison of exporters with
non-exporters, and the markup variation within the group of exporters are analyzed using
detailed micro data. The next section describes a theoretical scenario where exporters
have lower markups than non-exporters based on Melitz and Ottaviano (2008). The
third section recovers firm-level revenue productivity and markups from the structural
estimation of a production function. The forth section estimates an export demand
function and recovers the average markup gap among alternative product groups that
are categorized according to the characteristics of the markets where they are sold. The
fifth section interprets the empirical findings from the perspective of the trade theory.

2 Small Open Economy in the Melitz-Ottaviano Model

Empirical papers analyzing the interaction among markups, exporting and productivity
at the firm-level generally focus on the role of trade barriers. Bernard et al. (2003)



suggest that trade barriers tighten the selection to export markets. Firms facing bar-
riers in the export market raise their markups rather than producing more at a lower
price. De Loecker and Warzynski (2012) provide evidence that exporting firms’ price-
cost markups are significantly higher than non-exporters, and firms experience an instant
increase in markups upon entry into export markets. When markups are higher for ex-
porters, the revenue productivity would overestimate exporters’ actual productivity. In
Luxembourg’s manufacturing, however, revenue productivity is lower for exporters than
for non-exporters. If this is because of the markup variation, then the markups must
be not higher but lower for Luxembourg’s exporters. Empirical findings on low-markup
exporters are limited, if not absent, but there are theoretical models where exporters may
have lower markups under certain conditions. Melitz and Ottaviano (2008), for instance,
suggest that exporters of a small open economy face harsher competition in the foreign
market in comparison to the local market, so that exporter’ markups can be lower than
their domestic counterparts. The markups of exporters can be further lower, when the
small home country exporters have overall productivity disadvantage, so that the per-
ceived competition is more intensive in the foreign markets. Conversely, in the small
domestic market, profit opportunities are limited and competition is less intensive, in
which case non-exporting firms find it optimal to stay small and charge higher price-cost
markups. Thus, the expected positive markup difference between exporters and non-
exporters may actually vanish or even be negative in a small highly open economy, which
is the opposite of the trade between symmetric countries.

The theoretical model in this section considers a two-country world with symmetric
trade barriers, but asymmetric country size and efficiency distributions. The theoretical
setup is identical to the Melitz-Ottaviano model where the market size and productivity
advantage play important roles in shaping the relationship between openness to interna-
tional trade and firm dynamics. The model, for instance, predicts that the markup differ-
ence of exporting firms from non-exporters may disappear or become negative, when the
home country is sufficiently small or has productivity disadvantage. In the two-country
model with symmetric trade barriers (7" = 7/ = 7), the markups for domestically sold
and exported goods are as follows in the equilibrium.
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In the above formulation, i represents the markup for a domestically sold good that
is produced by a home country’s firm with marginal cost ¢, and p’% is the markup for
exported goods of the home country’s firm. The marginal cost (c¢) is an inverse indicator
of productivity which is exogenous and drawn from a certain distribution. c% is the
cut-off efficiency level to enter into the export market and c?, is the cut-off level for the
domestic market. The cut-off levels satisfy %, ¢ > ¢ in equilibrium for every firm with
the efficiency level of ¢, and 7 > 1 is the per-unit trade cost. In this setting, markups for
domestically sold goods are higher than those of exported products (u? > p%), only if
the following condition is satisfied.

dh+e>71(d+0) (3)

The condition given in equation 3 is satisfied, when c% is sufficiently low, and ¢ is
sufficiently high.



In the Melitz-Ottaviano model, the productivity advantage can be introduced through
the upper bound of the efficiency distribution. When the home country’s efficiency bound
(ch,) is higher than that of the foreign country (c&), this implies that firms in the foreign
market draw from an advantageous distribution. Thus, lower efficiency bound gives
the foreign country a productivity advantage over the home country. In the case of
asymmetric efficiency bounds and country size, the efficiency cutoffs for market entry can
be written as follows.

. _\If {(C]J(J/I)k o <C§/[/T>k} 1 (4)
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where ¥ =2y (k+1) (k+2) fg.

In the above formulation, L" is the number of consumers in the home country each
supplying one unit of labor. Therefore, L" represents the home country’s size, L/ is the
size of the foreign trade partner. c?, and cﬁ/[ are the upper bounds of the home and
foreign countries’ efficiency distributions from which firms draw the productivity. ¥ is a
composite term that is a function of the exogenous parameters characterizing consumer
preferences, productivity distribution and market structure such as the fixed-cost of entry
(fE), product differentiation () and dispersion in productivity distribution (k).

In this two-country model, therefore, ¢l /OL" < 0, ok /dck, > 0, Ak, /dck, < 0,
ach JOL! < 0, dc /o, < 0 and O /dch, > 0. This implies that if the home country
is sufficiently smaller than its trade partner or the foreign country has a productivity
advantage (ch, > c@), the markups for domestically sold goods are more likely larger
than markups for exported goods.

The effect of the changes in 7 on the markup difference between exported and domes-
tically sold products is not straightforward to see directly from equation 4 and 5. In the
appendix part, I show that when the foreign country has a productivity advantage, the
markup condition given in equation 3 is more likely satisfied for lower values of 7.

The condition given by equation 3 implies that markups tend to be smaller for exports
than for domestically sold products in a special case where the home country is smaller
and disadvantaged in terms of productivity, while trade barriers are symmetric and low.
I refer this as the small open economy case which is particularly relevant in the context
of Luxembourg. This is because the size of the domestic economy is considerably small
and the local manufacturing sector is technologically less advanced relative to its main
trade partners such as Germany and France. Moreover, Luxembourg’s trade with the
other EU countries accounted for more than 85 percent of total exports and imports
during the last decade. The mutual free trade agreements among the EU member states
and their geographical proximity provide some ground for the assumption of low and
symmetric trade barriers. The similarities between the assumptions of the small open
economy case and the observed dynamics in Luxembourg’s data will be further discussed
in the following sections.



3 Productivity, Markups and International Trade

This section makes use of firm-level measures of productivity and markups that are
retrieved from the estimation of a translog production function. The advantage of using
translog functional form is that factor elasticity parameters can be estimated for each firm
and every time period, so that one can retrieve time-varying and firm specific markups.
Majority of 2-digit manufacturing industries in Luxembourg is populated by only a few
number of firms that is not sufficient to estimate an industry-specific production function.
Thus, I first estimate the production function for the entire sample of manufacturing
firms while controlling for industry fixed-effects. Alternatively, I also group the 2-digit
industries into four categories according to their predefined technology level and estimate
the production function separately for each group. Every production function is estimated
through a control function approach that is described in the appendix along with the
presentation of and a discussion on how to recover markups from production function
estimates. The production function estimation results and tests on instruments are also
displayed in the appendix in Table 8, 9 and 10. The conclusions derived from production
function estimations do not significantly differ for alternative sample specification. Thus, I
evaluate the results based on the production function estimation using the entire sample
of firms. The empirical analysis in this section is replicated using the estimates from
the disaggregated production functions, and the results are displayed in the appendix.
Table 11 shows average factor elasticities retrieved from alternative production function
estimations. Table 13 displays a correlation matrix, and Figure 7 depicts the scatter plots
of markups and productivity against export intensity where the productivity and markup
measures are based on the disaggregated production function estimations.

3.1 Dataset for Productivity Analysis

The main firm-level dataset used in this study is a subset of the Structural Business
Survey (SBS) of Luxembourg which consists of nominal output and input expenditures of
manufacturing firms for the period from 1996 to 2011'. The output variable is represented
by the nominal value of produced goods and services for a given year deflated by the 2-
digit industry-level producer price index. The intermediate inputs are the consumption
of intermediate goods and services for a given year deflated by the intermediate input
price index that is at the 2-digit level. The labor input is the number of full and part time
employees, where the number of part time employees is re-scaled based on the ratio of total
annual working hours of part to full time employees. The capital stock is constructed using
investment data that is categorized into six asset groups. The investment data is deflated
by the 2-digit level price index for capital goods and services. The description of the
method of capital stock construction can be found in the appendix. The secondary source
of firm-level data is the extended Business Register which contains firm-level volume of
exports that are based on the VAT declarations and classified as intra- and extra-EU
exports. In the appendix, Table 7 provides descriptive statistics on the variables used in

!The SBS database does not cover the entire population but a subsample of firms operating in the
manufacturing sector of Luxembourg. In the appendix, Figure 4 compares the aggregates of the esti-
mation sample with the industry-level macro indicators from the National Accounts Statistics database.
The sample of the micro data covers more than 70 percent of the population, while representativeness is
slightly lower before 2000. In the appendix, Figure 5 compares the degree of openness to international
trade between the micro-sample and the macro indicator. The share of exports in revenues does not
significantly differ between the sample and micro data aggregates.



the production function estimation.

3.2 Production Function Estimation Results

This section evaluates the production function estimation results and discusses the impli-
cations of the small open economy case for the measurement and analysis of productivity.
For alternative firm groups, Table 1 presents the average TFP, markup, export intensity,
labor share, firm size and price-cost margin (PCM). The PCM is introduced as a measure
of profitability that is ideally positively correlated with markups, so that I can obtain
some insights into the robustness of the markup measure.? The TFP is the revenue pro-
ductivity that is based on nominal input and outputs deflated by the 2-digit price indices.
The calculation of the TFP, markup and PCM are described in the appendix, and the
export intensity is the ratio of nominal exports to revenues, all of which are averaged
using firms’ output shares as the weights. Labor share is the total number of employees
in each group divided by the total number of employees in the entire manufacturing sec-
tor. Average firm size is the mean of the number of employees. Table 1 further classifies
manufacturing firms as the establishments exporting within and outside of the EU. Thus,
the Extra-EU exporters are the firms that export to the countries other than the EU
members, regardless of whether they also export to the EU member states.

Table 1: Productivity, Markups and Export Intensity*®

TFP Markup PCM Exp.In. Firm Size Share

Industry Total 1.55 1.13 1.14 0.62 145 1.00
Exporters 1.55 1.13 1.14 0.67 168 0.89
Non-Exporters 1.61 1.29 1.16 0.00 58 0.11
Intra-EU Exporters 1.55 1.13 1.14 0.68 166 0.86
Non-Intra-EU Exporters  1.60 1.25 1.16 0.03 72 0.14
Extra-EU Exporters 1.53 1.10 1.12 0.72 245 0.69
Non-Extra-EU Exporters 1.62 1.23 1.19 0.34 72 0.31

®FExp. In. is the export intensity measured by exports to revenues ratio. Share represents each groups’
labor share in the industry total. Firm Size is the average number of workers employed by firms.

Table 1 shows that Luxembourg’s manufacturing sector exhibits a high degree of
openness to international trade with an average firm exporting 62% of its output. The
annual average labor share of non-exporting firms is only 11%. Non-exporting firms have
on average higher markups and PCM than exporters regardless of the type of exports
considered in the comparisons. Moreover, the average TFP of non-exporters is higher than
those of exporters, which contradicts with the prediction that more productive firms are
more likely to export. Classifying firms as intra- and extra-EU exporters further reveals
that the TFP is higher for the firm groups that have higher markups. This underlines
the possibility that the TFP indicator is influenced by markups that are higher for non-
exporters.

The categorization of firms as exporters and non-exporters has some shortcomings,
when analyzing of the patterns of international trade with micro data. This is because

2The appendix contains a discussion on how to recover markups from production estimates. Table
12 and Figure 6 provide evidence to evaluate the robustness of alternative markup measures.



most firms operate simultaneously in the local and international markets. An exporting
firm, for instance, may operate mainly in the domestic market and sells a larger portion
of its products within the home country. While such an exporter may behave more like
a domestic firm, other exporters that sell all their products to foreign countries may
exhibit dynamics different than the local establishments. The classification of firms as
exporting and non-exporting, however, puts these two types of firms in the same group,
which makes it difficult to derive robust inferences about the impact of trade on firm
behavior. This paper, therefore, makes use of a continuous variable, the export intensity,
while identifying firms’ export status in the empirical analysis.

Table 2: Partial Corr. Coefficients Controlled for Industry and Time Fixed-Effects®

PCM Markup Exp.In. E.I Ext-EU Firm Size

log(TFP) 0.692 0.753 —0.229 —0.064 —0.213
PCM 0.603 —0.096 —0.012 —0.047
Markup —0.309 —0.108 —0.139
Exp.In. 0.435 0.265
E.I Ext-EU 0.276

®FExp. In. is the export intensity as the ratio of exports to revenues. E.I. Ezt-EU is the intensity of
the extra-EU exports which excludes the exports to the EU members. Size is the firm size measured by
the log number of employees.

Table 2 displays the partial correlations among the markup, productivity, PCM, ex-
port intensity and firm size measured by the number of workers. The correlations of
export intensity with the markups, PCM and the log of the TFP are negative. When
the firm-level export intensity is based on the extra-EU exports, its correlations with
the markups, PCM and the log TFP increase but are still negative. Higher correlation
between markups and extra-EU export intensity is in line with the theoretical discussion,
since it implies that extra-EU exporters further raise their markups as a response to trade
barriers that are higher than those faced by the intra-EU exporters. Thus, the bias in
the revenue productivity due to the markup variation is also smaller, and the correlation
of the TFP with the export intensity is higher, when only the extra-EU exports are con-
sidered. Table 2 shows that firm size is positively correlated with both types of export
intensity measures. This indicates that exporting firms’ labor share in the local market
is larger, which may be considered as a result of the reallocation effect of trade on the
home country.

Figure 1 takes a closer look at the correlations between firm size, markups and export
intensity by displaying two scatter plots; on the left markups and on the right firm
size vs. export intensity. The left panel shows that there is a considerable number of
high-markup firms with zero or very low export intensity, while markups are generally
lower for the firms with higher export intensity. In the group of intensively exporting
firms, a small number of producers have markups over 1.5, while the average markup
does not significantly differ among the establishments with export intensity over 0.3.
The right panel of Figure 1 shows that an important portion of the non-exporting firms
are small, and there is a positive link between firm size and export intensity. Figure 1,
therefore, provides some degree of evidence that local firms stay small and charge higher
markups, which can be interpreted as a consequence of the lower level of competition
in the domestic market relative to the international markets. Productivity, however, is
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lower for intensively exporting firms, which contradicts with the theory that trade-induced
selection only allows high-productivity firms to enter into export markets (e.g. Bernard et
al., 2003; Melitz, 2003; Melitz and Ottaviano, 2008). Whether the local firms are indeed
productive or the productivity measure is biased is analyzed in the next subsection.

Figure 1: Export Intensity, Markups and Employment
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3.3 Heterogeneous Markups and Productivity Measurement

One possible reason for the negative correlation between export intensity and productivity
is the unobserved price effects embodied in nominal productivity measures. When prices
or markups significantly differ among firms, deflating firm-level variables by industry-
level price indices is not sufficient to isolate productivity from the demand side factors.
As a result, the productivity performance of high-markup firms can be overestimated by
productivity indices based on deflated revenues and input expenditures. To understand
how price effects influence the empirical results, this section uses a proxy for quantity
productivity that is isolated, to some degree, from the price effects.

Foster et al. (2008) analyze the differences between the revenue and quantity based
measures of productivity and find that price effects can distort the revenue-productivity
systematically for some group of firms, for instance, for entrants. Besides generating
a bias in micro-level productivity indicators, price effects constitute an important issue
when measuring the efficiency in the allocation of production factors using firm-level pro-
ductivity indicators (Hsieh and Klenow, 2009; De Loecker et al., 2016). Assuming input
prices do not significantly differ among firms, one can show that the difference between
log revenue (6,) and quantity productivity (6,) is equal to the log of output prices. In the
case of heterogeneous product markets, prices embody not only demand side effects but
also quality differences among product varieties. Product quality should be considered
as a component of productivity, since it generally reflects the quality of inputs used in
production. If the true productivity that is based on quality-adjusted quantities differs
from the revenue productivity due to the demand side factors, then it is more plausible to
represent this difference by markups, namely that 6, = 6,+1og(x). Price-cost markup is a
better measure for demand side effects embodied in revenue productivity, since markups
are somewhat adjusted for quality variation through the marginal cost in the denomi-
nator. The marginal cost can reflect quality variation because higher quality outputs



are produced by higher quality inputs that are potentially more expensive. This part,
therefore, uses a proxy for the quality-adjusted quantity productivity that is computed
by deducting the log of the estimated markups from the log revenue productivity.

Figure 2: Quantity vs. Revenue Productivity
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Figure 2 presents two scatter plots depicting the correlation of export intensity with
the revenue and quantity productivity. The figure shows that the quantity-TFP is less
dispersed than the revenue-TFP especially for the firms that have higher export intensity.
The main difference between the two scatter plots, however, is in the non-exporting firms’
region, where the quantity productivity is generally lower for non-exporters. This can be
also seen from Table 3 that shows partial correlation coefficients among productivity mea-
sures, markups and export intensity. The partial correlation of the export intensity with
the quantity productivity is significantly positive, while it is negative with the revenue
productivity. The correlation of the markup is positive with quantity productivity and is
negative with revenue productivity. Moreover, the weighted average (non-log) quantity
productivity is 1.39 for exporting and 1.19 for non-exporting firms, while the revenue
productivity averages are 1.55 for exporters and 1.64 for non-exporters.

Table 3: Partial Corr. between Markups and Productivity Measures®

Log(Quantity-TFP) Markup Exp. In.

Log(Revenue-TFP) 0.078 0.753 -0.229
Log(Quantity-TFP) -0.565 0.188
Markup -0.309

2All correlation coefficients are significant at 1 percent level.

The proxy for quantity productivity used in the above analysis is aimed at measuring
the pure technical efficiency in production that is isolated from demand side effects. The
results based on this proxy tend to verify that export markets comprise a selection mech-
anism that only allows sufficiently productive firms to engage in international trade.?

3 Allocative efficiency in a given point in time can be measured by the covariance between firms’ input



The productivity indicator based on deflated nominal sales and input expenditures, how-
ever, leads to an opposite result due to the markup difference between exporting and
non-exporting firms. The results of this section underline the importance of unobserved
prices in the analysis of productivity. The next section introduces product-level trade
data and estimates average markups for alternative product groups categorized accord-
ing to the export destination characteristics. Doing so extends the analysis beyond the
markup difference between exporters and non-exporters and provides insights into the
determinants of markup variation.

4 Export Destination Characteristics and Markups

The measurement of quantity productivity in the previous section relies on a set of as-
sumptions that are necessary, when quantity and prices are missing at the micro-level.
Calculating the physical productivity, however, is not straightforward, even if prices and
quantities are observable. Measuring the quantity productivity requires observing the
quantities of outputs as well as inputs, while one also needs to separately observe the
amount of inputs employed in the production of different varieties of multi-product firms.
Moreover, quantity-based measures of firm-level productivity may not be directly com-
parable among firms due to the unobserved quality variation. The quality variation is
embodied in prices which are, in most cases, not possible to be perfectly decomposed into
quality effects and demand side factors by the available data. Nevertheless, estimating
production functions or measuring productivity based on quantities are not the only ways
to derive inferences about the markup variation at the micro-level.

This section introduces product-level price and quantity data to detect factors influ-
encing markups for exported products. I estimate the following type of inverse export
demand function and recover markups for different product groups that are later used to
derive implications for the link between markups and destination country characteristics.

Pit = Pi + peqi + X, (6)

In equation 6, p;; and ¢; are the log of price and quantity of product i at time t.
X, is the vector of demand shifters specific to the destination market, and p; represents
product specific quality that is unobserved for the researcher and assumed to be fixed over
time. As a solution to firms’ profit maximization problem, the inverse demand elasticity
satisfies p. = 1/p — 1, where p is the price-cost markup that is equivalent to the ratio of
price to marginal cost.

The product-level trade data used in this section contains observations on quantities
and their total nominal value for every firm and time period as well as for each product
category. However, I can only observe the average unit values but not the exact price of
every item sold in the export market. Using the unit values directly in the estimation
would integrate any measurement error in quantities with the price variable. To avoid this
shortcoming, I use the total value of exported items (v; = p;q;) as the dependent variable
in the estimation of the inverse demand function. In this alternative specification of the
estimating equation, the coefficient of the quantity variable (g;;) on the right hand-side
becomes the inverse of the price-cost markup.

share and productivity (e.g. Bartelsman et al., 2013; Maliranta and M&&tténen, 2015). Thus, as long as
more productive firms export and exporting has an expanding effect on firms’ input share in the local
market, one can conclude that there are allocative efficiency gains from trade.
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The main concern of this section is to detect whether markups vary for alternative des-
tination markets, but estimating equation 6 would only provide a single average markup
estimate. To capture the destination specific markup variation, I introduce an interaction
term that is the multiplication of ¢; with the dummy variable for the destination country
size. Thus, the regression equation can separately estimate markups for products that
are exported to large and small countries (pz and pg). The estimated version of the
inverse demand function takes the following form.

1 1 1

Vipet = PO + Pipc + Pt + <_) Qipct + <_ - _> Dégipct + QXct + 87ch1f (7)
s Hr  Hs

Xy = {tariffct, exrateq, gdpes, dist o, DfiU} (8)

In equation 7, there are four subscripts, i,p,c and t that stand for firm, product variety,
destination country and year respectively. Thus, the unique identifier of the estimation
equation has four dimensions. In equation 7, py is the intercept, p;p. is the firm-product-
country specific fixed effects that capture the time invariant quality. p; is the year fixed
effects that represent the unobserved demand shocks common to all destinations. DL is
the market size dummy that takes the value of one, if the destination is a large country,
and zero otherwise. X is the vector of destination specific demand shifters that consist of
the import tariffs (tarif f.), the exchange rates (exrate.), the real GDP level (gdp.), the
geographical distance (dist ;) and the dummy for the EU membership (DZY). Finally,
Eipet 18 the error term that involves the unobserved idiosyncratic demand shocks.

To simplify the notation, the export demand specification in equation 7 contains
only one interaction term that separates the markup estimates for the products exported
to large countries. In the actual estimation, I use three country size groups as small,
medium-sized and large. As is described in the theoretical section, markups can also
depend on trade costs and the relative productivity of countries, so that I also introduce
interaction terms capturing these differences.

In the estimation of the demand functions, a critical issue is the endogeneity due to
unobserved demand shocks. To deal with the endogeneity, this paper uses an instrumental
variable approach, where the instruments are selected among the supply side variables
that are assumed to be uncorrelated with the demand shocks but are correlated with the
quantities. The demand estimation employs firms’ input prices for labor and imported
intermediate inputs as instruments. The product-level international trade data contains
the prices of firms’ intermediate input imports that are used to calculate a firm specific
input price variable (pl,). pl is calculated by averaging the import prices using nominal
values as the weights (2i); namely pfy = > pi,2ipe where zip = DpluGiy/ D, D
Moreover, the firm-level production data includes the average wage paid by a firm (wy),
so that the instrument set contains p, and wy; along with the previous period’s demanded
quantity (gipet—1) that is assumed to be independent of today’s demand shock. The
assumption that g;pn—1 and €;,, are independent is not valid, when the demand shocks
are serially correlated even after controlling for time fixed-effects. Thus, I conduct a set
of post-estimation tests on the validity of the exogeneity assumption.

4.1 Dataset for Demand Estimation

The product-level data used in the estimation of the export demand function is the In-
ternational Trade in Goods Statistics (ITGS) for Luxembourg that covers manufacturing
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firms’ physical imports and exports. The I'TGS contains the quantity and the nominal
values as well as the country of origin or destination of traded goods, where product
categories correspond to the CN8 product classification. The ITGS covers the period
from 2001 to 2011 and is merged with the firm-level input-output data that is described
in the previous section for production function estimation. I use a set of country-level
variables to characterize the export destination markets. As a proxy for destination spe-
cific tariffs, I utilize the World Integrated Trade Solutions (WITS) tariff indicator that
ranges between 0 and 10 according to the strictness of the overall tariff regime in the
country. The tariff indicator is set to zero for the EU member states. In addition, the
nominal exchange rate as a ratio of Euro/National Currency and geographical distance
in km are used to represent non-tariff barriers in the estimation. Destination specific
real-GDP is used to proxy the total demand, and the country’s population is taken as a
benchmark for the country size classification as in the Melitz-Ottaviano model. Besides
the classifications based on size, distance and EU membership, I divide the export des-
tination countries into two categories according to their productivity advantage, so that
I can estimate markups separately for the goods sold to these two country groups. The
productivity classification is based on the average Competitive Industrial Performance
Index (CIP) provided by the United Nations Industrial Development Organization. In
the appendix, Figure 8 shows the scatter plot between the total volume of exports and
the destination country size. Figure 9 and 10 display the country classifications based on
the geographical distance and the CIP.

4.2 Export Demand Estimation Results

I estimate the inverse demand function in the form of equation 7 by the GMM using
firm-product-destination fixed effects specification. In the appendix, Table 15 presents
the estimations of the demand functions for three alternative samples and for two different
explanatory variable sets. I first estimate the demand function for the entire sample of
products, and then run separate regressions for the samples of plastic and metal products
which are the two product categories that are exported most frequently by the manufac-
turing firms in Luxembourg. For each product sample, I estimate two equations. The
first one provides an average markup estimate, and the second one contains two interac-
tion terms to capture the variation of markups over the destination market size groups.
The specifications (1la), (2a) and (3a) are the demand function estimations, from which
an average markup is recovered for the full sample, metals and plastics respectively. The
specifications (1b), (2b) and (3b) are the ones with the size-interaction terms.

In addition to the country size, I introduce interaction terms for the distance between
the origin and destination markets, the EU membership status and the productivity ad-
vantage. In the appendix, Table 17 displays the demand estimation results that takes
into account markup variations for alternative destination country characteristics. I es-
timate three equation sets, where each set contains two equations. For instance, the
first equation under the title of productivity advantage introduces an interaction term
for markups of goods exported to high-productivity destination countries. The second
equation under the same title contains interaction terms for the productivity advantage
as well as for the country size. In addition, I use cross terms to capture markup variation
due to market size differences within each productivity class. The instrument sets used
in the estimations and the test results on the validity of instruments are reported in the
appendix in Table 16 and 18. Table 4 and 5 displays the markup estimates recovered
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from alternative demand function estimations.

Table 4: Markup Estimates: Export Destination Size®

Destination Country Size Markup Estimates
All Products Metals Plastics
Specification: (1a) (2a) (3a)
All Destinations 1.22 1.15 1.24
Specification: (1b) (2b) (5b)
Small Countries 1.39 1.33 1.45
Medium-Sized 1.22 1.22 1.29
Large 1.21 1.09 1.19

2Small countries are classified as the ones with less than 5 million population. Medium-sized countries
have a population between 5 and 40 million, and large countries have more than 40 million population.

The top row in Table 4 shows the average markup estimates for all sample, metals and
plastic products. The average markup estimate is the highest for the plastic products, but
overall, the markup values are close to each other for alternative sample specifications.
The bottom panel presents the markup estimates for every export destination size class.
Accordingly, markups are the highest for goods that are exported to small countries,
while lower markups are estimated for larger destinations. This pattern is the same for
the entire sample of products as well as for metals and plastics. As is described in the
previous subsection, markups for alternative market size classes are estimated through
a single equation using interaction terms. This implies that when the coefficient of an
interaction terms is statistically significant, the difference between estimated markups
for the two destination groups are also significant. The markups estimates for goods
exported to medium-sized or large countries, therefore, are significantly different from
those exported to small countries for all alternative product samples. The results shown
in Table 4 are in line with the predictions of the Melitz-Ottaviano model, so that larger
export destinations correspond to lower markups.

Table 5 shows the markup estimates for alternative destination market classifica-
tions. The first classification is based on countries’ productivity advantage which cor-
responds to the lower-bound of the efficiency distribution in the theoretical model. On
the left hand-side of the top panel, markups are separately estimated for goods exported
to countries with distinctive productivity advantage and are found to be significantly
lower than markups for other destinations. On the right hand-side of the top panel, the
markup variation due to productivity advantage is considered together with the country
size. Accordingly, the average markup estimates are the lowest for exports to large and
high-productivity countries. The markups for other large countries without any distinct
productivity advantage, however, are higher and not significantly different from markups
for small countries. The average markups for goods exported to medium-sized countries
without distinctive productivity advantage is also high and not significantly different
from small country markups. The estimation results support the model prediction that
the markups for goods exported to countries with distinct productivity advantage is sig-
nificantly lower than those exported to other destinations. The markups, however, are
lower for larger destination markets only within the group of countries with distinctive
productivity advantage.
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Table 5: Markup Estimates: Other Destination Characteristics®

Productivity Advantage (PA)

Specification (4a) Markup Specification (4b) Markup

Non-PA 1.42 Small 1.40

PA 1.16 Non-PA, Medium-Sized 1.33
PA, Medium-Sized 1.18
Non-PA, Large 1.47
PA, Large 1.17

Geographical Distance
Specification (5a) Markup Specification (5b) Markup
Distant Countries 1.56 Small 1.56

Nearby Countries 1.14 Distant, Medium-Sized 1.50
Nearby, Medium-Sized 1.18

Distant, Large 1.58
Nearby, Large 1.08
EU Membership
Specification (6a) Markup Specification (6b) Markup
Non-EU Members 1.36 Small 1.44
EU Members 1.18 Non-EU, Medium-Sized 1.31
EU, Medium-Sized 1.21
Non-EU, Large 1.56
EU, Large 1.07

?Distant countries are the ones whose capital is more than 2000 km away from the home country’s
capital. Countries with productivity advantage are the ones whose Competitive Industrial Performance
Index is higher than 1.5.

In the middle panel of Table 5, export destination markets are classified according to
their geographical distance from the home country. On the left hand-side of the panel,
markups are lower for nearby countries. On the right hand-side, markups are shown to
be the lowest for the goods exported to large nearby countries. The estimated markups
are also high for exports to the medium-sized nearby countries. When we consider only
the distant export destinations, however, markups do not differ significantly according to
the country size.

In the bottom panel of Table 5, the classification is based on the EU membership
status of the destination markets. The left hand-side of the bottom panel shows that
markups are significantly lower for exports to the EU member countries. On the right
hand-side, markups are the lowest for the products exported to the large EU-member
states, and markups raise for smaller destination countries. Within the non-EU member
states, markups are significantly lower for the medium-sized destinations, but markups
for large destinations are not statistically different from markups for small destinations.

The results of the demand estimations show that the markups for the exports of
Luxembourg’s manufacturers are lower for geographically close-by countries as well as
for the EU member destinations. Moreover, the estimated markup differences from the
benchmark groups are statistically significant at 1 percent level. This can be interpreted
as a result of relatively low tariff and non-tariff barriers for exports to EU member
countries. The markups can be particularly low for goods sold to the EU countries also
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because of the distinct productivity advantage or geographical proximity of some countries
in this group. In other words, the interaction term for the EU countries captures a markup
gap not only due to tariff barriers, but also due to other factors such as productivity and
distance.

When we consider markups for exports to distant or non-EU member countries or to
destinations without any distinct productivity advantage over Luxembourg’s manufac-
turing, the significant link between destination size and markups disappear. This implies
that the markup rising effect of trade barriers or productivity disadvantage of the home
country outpaces the markup effect of destination market size. This result does not con-
tradict with the earlier findings based on the production function estimates, because the
majority of Luxembourg’s trade activities are with the other EU member states. As is
shown in Figure, the first six main trade partners of Luxembourg’s manufacturing sector
are Germany, France, Belgium, the United Kingdom, the Netherlands and Italy all of
which are classified as nearby, EU member states that have productivity advantage over
Luxembourg in manufacturing according to the CIP. This implies that for the majority
of the trade activities observed in the data, the destination market size is a statistically
significant determinant of markups for exported goods.

5 Conclusions

International trade theory suggests that only the most productive firms are able to seek
new profit opportunities and compete in foreign markets. Once start exporting, estab-
lishments tend to expand their input shares in the home country. This moves domes-
tic resources toward more efficient uses, which in turn increases aggregate productivity
growth. The well-functioning of the resource allocation mechanism is necessary to realize
economic gains from trade, but how to monitor the functioning of this mechanism empir-
ically is not straightforward. In particular, whether the export market selection is based
on firms’ productivity performance may not be possible to answer using standard pro-
ductivity measures. This is because productivity measures based on nominal input and
outputs involve price-cost markups that are endogenous to firms’ export activities. Thus,
nominal productivity may be systematically biased for the group of exporting firms.

This paper investigates how openness to international trade influences markups at
the micro-level and discusses the implications of the trade-driven markup variation for
the productivity measurement. The empirical analysis is structured based on the Melitz-
Ottaviano model, and the focus is put on the case of the small open home country having
a large and overall more productive trade partner. The model predicts that the small
home country’s markups for exported goods can be lower than those for the domestically
sold products, which is the opposite of the trade between symmetric countries. This
study, therefore, considers the trade-driven markup variation as a potential source of
bias that cause exporting firms’ to be measured less productive than non-exporters.

The empirical analysis consists of two steps. In the first step, markups and revenue
productivity are estimated through a production function specification. The results show
that the estimated markups as well as revenue productivity are lower for exporters. Con-
versely, the proxy for quantity productivity, which is isolated from demand side factors,
verifies the theory that exporters tend to be more productive. The first step, therefore,
compares markups between exporters and non-exporters and discuss the implications of
the markup variation for the productivity measurement.
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Besides investigating the markup difference between exporters and non-exporters, this
study attempts to empirically assess the factors driving the micro-level markup variation.
The Melitz-Ottaviano model, for instance, puts a particular emphasis on the role of export
destination market characteristics in shaping the markups for exported goods. If market
characteristics influence markups, then one should also observe certain degree of markup
variation for goods exported to different countries. In the second step of the empirical
analysis, therefore, I estimate an export demand function and assess the patterns of
markup variation using detailed price-quantity data.

Overall, the small open economy case in the Melitz-Ottaviano model provides good
predictions for the dynamics observed in Luxembourg’s manufacturing. The markups
of Luxembourg’s exports are significantly lower, when they are exported to nearby, EU-
member, highly productive and large countries. The main trade partners of Luxembourg
accommodate these four characteristics, which explains the overall negative markup gap
between exporters and non-exporters. For the products exported to non-EU member and
distant countries as well as to the destinations with no distinct productivity advantage,
the link between markups and destination market size disappears. This is does not con-
tradict with the theory, since distant markets imply higher trade barriers that are known
to have markup raising effect for exported products. Moreover, when an exporter firm
has a productivity advantage over its competitors in the export destination market, the
exporter can gain some monopolistic power and charge higher price-cost markups. Thus,
the markup raising effect of having productivity advantage or facing large trade barriers
may outpace the markup lowering effect of exporting to larger destination markets.

The results on the link between markups and firms’ trading activities can be used to
derive direct welfare implications for the home country. The welfare consequences of the
impact of trade on markups are analyzed for alternative scenarios, for instance, by Melitz
and Ottaviano (2008), Corcos et al.(2012), Demidova and Rodriguez-Clare (2009, 2013)
and Behrens et al. (2014). Alternatively, this paper evaluates the importance of the
results from the perspective of growth accounting and underlines the issues in assessing
the link between openness to trade and allocative efficiency. The unobserved price effects,
therefore, may distort the indicative quality of standard productivity measures and lead
to the incorrect conclusion that non-exporting local establishments exhibit better pro-
ductivity performance in small open economies. While this implies negative allocative
efficiency or productivity gains from trade, controlling for the unobserved price varia-
tion removes the bias, and the results tend to verify that openness to trade accelerates
productivity growth.
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6 Appendix

6.1 Markups and Trade Barriers

This part is intended to show that when foreign country has productivity advantage
(ch, > c@), markups are more likely lower for exporters than for non- exporters for lower
values of 7.

In order to ensure positive numbers of domestic and exporting firms, the efficiency
cutoffs for the foreign and home markets (¢, c% ) have to be larger than 0. From equation

4 and 5, this implies that the following conditions hold in equilibrium.

k

(c%)k — (c@ﬁ) >0 (9)
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(q})k — (/) >0 (10)

In the Melitz-Ottaviano model, the efficiency cutoff for exporters satisfies ¢ = ¢l /7.
Thus, the condition given in equation 3 can be rewritten in the following form.

A—c > (r—1)¢ (11)

Thus, I need to show whether the inequality given by equation 11 is more likely satis-
fied for lower values of 7. The righthand side of equation 11 is positive and decreasing as 7
decreases for every 7 > 1. The lefthand side is also positive, as long as the home country
is sufficiently small or the foreign country has a considerable productivity advantage. If

the foreign country has a productivity advantage, so that c?, > cﬁ/[ > 0, and cf, — CL is

sufficiently large, cf, — c’,; is a negative function of 7. This can be shown in the following

ey
%0 af ()~ (o)) () )] oo

where A = kW¥/ [(k +2)cp L (1 - 7*2’“)2 Tk+1] > 0.

According to the derivative given by equation 12, ch is an increasing function of 7, as

long as &, > ¢l,. dc /0T is symmetric to dcl, /Or. Thus, Ol /O is negative, when ¢},

is sufficiently larger than c}\}, which ensures the negative link between ¢, — ch and 7.

The relationship between cf, — ch and 7 can be positive or negative depending on
the country characteristics. If the foreign country has a sufficiently large productivity
advantage over the home country, the cutoff-gap (cf, — cé) increases with the bilateral
trade liberalization. In this case, the markup inequality given by the equation 3 is more
likely to hold, namely that the markups for exported goods are higher than the domestic

markups. From equation 12, one can see that for some values c?, > cf\}, ochy /Ot is not

negative. However, even if dc%y /01 > 0, the cutoff-gap (¢, — ¢})) is still a decreasing
function of 7, as long as c&, > ¢},
2k 2%k
0 (C}b/C{)> kL (05:4) — (k) 13)
or  ThFLLR k k
(c@) — (ch,/7)
On the righthand side of equation 13, the denominator in the square brackets is

positive from the condition given by equation 10. Thus, for any c?, > c§4 > 0, the

nominator so the first derivative given in equation 13 is negative. Given that c, ch >0
and dcl /0T, dclk) /Ot > 0, equation 13 implies O (c’}) - c’é) JoT < 0 for iy > ¢t

6.2 Construction of Capital Stock at the Firm-Level

The firm-level capital stock used in this paper is computed based on a modified version
of the perpetual inventory method (PIM). The PIM method adds real investments and
subtracts depreciation and retirement from an unknown initial stock of capital to calculate
the next year’s capital. To approximate each firm’s initial capital stock, I first estimate
total initial capital stock at the industry-level. In the next step, I disaggregate the
initial capital among firms using some weights (e.g. Martin, 2002). Approximating the
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initial capital at the industry-level has the advantage of having longer time series with
positive investments, since there are gaps in the firm-level data due to entry and exits or
mismeasurement. In this paper, I modify the PIM method to be more consistent with the
micro data. At the industry-level, the evolution of capital stock is given by the following
identity.

Kt = Kt—1<1 — (5 — Tett — €Tt + ent) ‘l— It (14)

In equation 14, ¢ is the depreciation rate, ret; is the retirement probability of capital
assets, and I; is the total investments of firms operating at the industry. Unlike in the firm-
level data, in the industry-level data, retirement and depreciation are not the only ways of
obsolescence of capital stock, neither investment is the only way of acquisition. When the
data is aggregated over firms, new capital stock coming from entrant firms raises the total
capital. Similarly, exiting establishments constitute a component of capital obsolescence.
In addition to firm entry and exit, establishments may appear in or disappear from the
sample of a specific industry for reasons such as the change of the type of main activity,
which also alters the aggregate capital stock. Thus, in equation 14, entry (en;) and
exit (ex;) rates are defined to cover all types of gaps in the micro data, so that I can
fully account for acquisition and obsolescence of capital stock in the aggregated data.
Entry and exit rates are calculated based on the firms’ employment share in the industry.
Equation 14 can be simplified in the following way.

Iy

K {1=— 15
o gre + ¢y (15)

In equation 15, ¢, = 0 + ret; + ex; — eny, and gr; is the growth rate of capital.
Equation 15 can be used to calculate an approximation of aggregate capital stock by
assuming numerical values for ¢ and ret;, and gr; (e.g. Kohli, 1982). Alternatively, one
can derive a general rule for the initial capital Ky by iterating equation 15 over time as
follows.

t—1

Ko = s R P (16)
rto) TIA-6) = 13 (-0

z=1

Equation 16 is the rule for the initial capital that is generalized for every year in the
sample period, so that one can obtain several approximations of the initial capital and
compare the results. Selecting the benchmark year (¢) far away from the initial point
(0), however, would cause less reliable estimates of initial capital, since higher ¢ would
magnify the errors introduced by the guesses of § and ret;. In this paper, therefore, I
compute the initial capital approximations by evaluating equation 16 for the first three
years of the sample period. Namely, three different initial capital approximations are
computed by setting ¢ € {1,2,3}, and the final value is computed by averaging the three
approximations.

In the approximation of the aggregate initial capital stock, I use the industry-level
investments that are the aggregation of firm-level investments net of capital sales. In
the analysis at the firm-level, I utilize the data for different investment types for which
I assume individual depreciation rates, life times and retirement profiles. The asset
composition of the initial capital stock, however, is unknown but not necessary to compute
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to estimate the capital stock at the firm-level. Therefore, I assume a constant depreciation
rate, life time and retirement profile for every firm’s initial capital stock.

The retirement patterns of capital assets are modeled by assuming that the retirement
probability of an asset has a Weibull distribution (e.g. OECD, 2009).

Fr = aX(AT)* ' e~ (D" (17)

Equation 17 represents the Weibull distribution where 7" is the time index, o and A
are the parameters of the density function. Figure 3 displays the density functions for
each asset class where the "unknown” asset class type represents the initial capital.

Figure 3: Retirement Probabilities

Retirement Probabilites

Software and Furniture

Table 6 shows the parameter assumptions for the retirement profile together with
asset specific service life times and constant depreciation rates.

Table 6: Parameter Setup for Capital Stock Measurement

Asset Type 0 life (years) « A
Unconstructed Land 0.00 >16 1.2 0.05
Constructions and Arrangement of Grounds 0.07 > 16 1.3 0.08
Machinery and Equipment 0.09 11 1.7 0.05
Furnitures 0.05 11 1.9 0.12
Vehicles and Other Transportations 0.09 11 1.8 0.06
Software 0.05 3 19 0.13
Unknown Type 0.05 >16 1.9 0.10

In Table 6, the life times of unconstructed land, constructions and the unknown type
of capital are assumed to be longer than 16 years that is the span of the data used in
this study. This is because, the initial capital generally contains mostly the capital goods
with long service lives like buildings, land and other constructions for infrastructure.

The approximation of the initial capital is not feasible for every 2-digit industry,
because some of the industries contain few numbers of firms or observations. Thus, I
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approximate the initial capital separately for six firm groups, where each group consists
of multiple 2-digit manufacturing industries. Once the initial capital is computed, it is
disaggregated over firms using the net book values of capital assets (NBV) as the weights.?

Table 7: Description of Production Function Variables®

#obs. Output Int.Inputs Labor Capital

Industry Total 2823 mean 33.60 24.43 145.01 17.84
std 76.61 59.37 280.58  85.13

Exporters 2231  mean 40.88 29.93 168.15 21.52
std 84.63 65.65 309.87  95.20

Non-Exporters 592  mean 6.16 3.70  57.81 3.96
std 6.92 4.73  63.08 12.73

Intra-EU Exporters 2203 mean 39.98 29.25 165.95 20.32
std 77.24 60.19 290.85 87.79

Non-Intra-EU Exporters 620  mean 10.94 7.30  72.03 9.04
std 69.84 52.97 226.14 74.33

Extra-EU Exporters 1193 mean  61.37 45.35 245.20 33.76
std  108.96 84.98 398.71 128.06

Non-Extra-EU Exporters 1630 mean 13.28 9.12 71.68 6.18
std 22.42 16.33  85.60 15.28

*QOutput, intermediate inputs and capital are in terms of million Euros deflated by 2-digit (NACE)
price indices specific to each variable with the base year of 2000. Labor is the number of full and part
time employees where the number of part time employees is adjusted by work hours ratio of the part
time to the average full time employee.

4The NBYV is retrieved from accounting data which contains amortization as the proxy for deprecia-
tion. The amortization, however, is based on predetermined constant obsolescence rates for each capital
asset class, while these rates are generally not aimed at representing the actual rates of depreciation.
The computation of NBV does not take into account time variation in retirement probabilities and in-
corporates unrealistically short service lives. For these reasons, the NBV is a less reliable measure of
capital, which can fluctuate sharply or become negative throughout the life time of a production unit.
To minimize possible errors, I use the time averaged NBV in the construction of firm-level weights.
Once the total initial capital is disaggregated among firms, the firm-level capital stock is computed by
kit = kig—1(1 — 6 — rety) + L.
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Figure 4: Representativeness of the Micro Sample
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Figure 5: Trade Intensity: Micro Sample vs. Macro Sample
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6.3 Estimation of Production Functions

The estimation of production function relies on Wooldrige (2009) that is an extension of
Levinsohn and Petrin (2003) (LP). The Wooldridge method relaxes a critical identifying
restriction in the LP that is the assumption of predetermined labor input. Assuming that
a firm’s manager hires labor before realizing the firm’s productivity, the LP algorithm
identifies factor elasticity of labor by the OLS in the first stage of a two-stage control
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function approach. The identification assumption, however, ignores any degree of corre-
lation between labor and productivity shock, which may cause downwards biased labor
elasticity estimates (e.g. Ackerberg et al., 2006). Wooldrige (2009) reduces the two step
control function approach into a single step, and identifies all parameters of production
function simultaneously.

¢t = oo+ aply+aymy + akky + apulami + aravkami (18)

+arrliki + Oéml?t + CYM2m?t + 04K2k52‘2t + 0 + €t

Equation 18 is the translog production function, where all the variables are in loga-
rithms. The production function is in terms of three factors that are labor (1), interme-
diate inputs (m) and capital (k). ¢ stands for the output, i and ¢ are the firm and time
subscripts. The TFP consists of two components where 6;; is the systematic component
based on which the manager develops her expectations, and €; is the i.i.d component.
The production function parameters are represented by the a’s. To simplify the notation,
the translog production function is presented by ¢; = ag + X8 + 0 + € where Xj; is
the variable and 3 is the parameter vector.

The first stage equation in the LP introduces a control function to proxy for the
unobserved productivity that is a function of m; and k;.

Qit = o + X + g (M, ki) + €a (19)

In the first stage, the LP only identifies the coefficients of variables that are sole
functions of I;;. The two production factors, m; and k;;, appear both in the production
and control functions, so that the identification of their coefficients is not feasible in the
first stage. For the variables that cannot be identified in the first stage, the LP defines a
non-parametric function g (my, k;;) that is in the form of a third order polynomial.

The second stage in the LP a non-parametric function g (my, k;;) that is in the form
of a third order polynomial. The evolution of the unobserved productivity over time is
represented by an unknown Markov process. At this stage, I assume that productivity
follows a random walk with a drift, so that g (my, ki) = Bo + g (mu_1, k1) + wi-
The fitted values of the productivity regression serve as an estimate for the conditional
expectation of systematic component in productivity which is used to control for the
endogeneity of inputs. The second stage of the LP, therefore, is written in the following
form.

Git = Yo + XaB + g (Mir—1, kir—1) + Vit (20)

The LP minimizes the joint error term, v;; = €;; +w;; using a set of moment conditions
that contains previous periods’ capital, labor and intermediate inputs. Moreover, k;; is
included into the set of instruments, since it is a function of previous periods investments
that are independent of current productivity shock. The moment conditions of the second
stage in the LP, therefore, are different from the first stage where the current period’s
labor and intermediate inputs are assumed exogenous.

The Wooldridge method adopts the semi-parametric approach in the first stage of the
LP algorithm, but estimates equation 19 jointly with the second stage equation by the
GMM using a set of moment conditions. The joint estimation of equation 19 and 20 turns
out to be a linear GMM minimization problem under the assumption that productivity
follows a random walk with drift.

qit 10 Xy gu ) / (Ez’t)
— 21
(%t) (0 I Xt g (a0 0 B 9) + Vit (21)
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The original Wooldridge method uses the moment conditions based on the LP. Thus
for the second stage equation, E(vit | ki, lit—1, Mit—1, Kit—1, 951, -, Lir, Mi1, ki, g7 = 0),
where ¢", represents the variables in the third order polynomial g(.) excluding the linear
terms m and k. In the original Wooldridge approach, the instrument set in the first stage
contains gJ;, m; and l;; in addition to the instruments in the second stage.

In the application of the Wooldridge method, I slightly deviate from the original setup,
so that I include gJ;, m; and k;; in the set of endogenous variables also in the first stage.
In both stages, the instrument matrix (Z;), therefore, consists of certain functions k;,
kit—1, miz_1, li;—1. The moment conditions for the translog production function estimation
by the modified Wooldridge method are given as follows.

(09 7)< ()] -0 -

In the estimation of equation 21 by the GMM, which functions of k;, ki_1, mi_1,
l;+—1 are included in the instrument matrix Z;; is decided based on a set of specification
tests on the redundancy and validity of instruments. Table 8 presents the estimation
results and Table 9 lists the instruments contained in Z; together with the test results.

In addition to the estimations for the entire sample of firms, I divide the sample
into four, where the grouping is based on the predefined technology levels of the 2-digit
industries. Table 10 displays the included industries, the estimation results and the tests
on instruments for each group. Table 11 compares the results in alternative production
function estimations by displaying the factor elasticities evaluated at the sample means.

Table &: Estimation of Production Functions®

Translog - Wooldridge Cobb - Douglas
Coef. Std. Wooldridge
[ 0.321*** 0.057 Coef. Std.

m 0.671** 0.187 | [ 0.211** 0.015
k 0.125**  0.063 | m 0.681*** 0.079
ml —0.110"* 0.019 | £ 0.060**  0.026
mk —0.012 0.016 | Levinsohn - Petrin
Ik —0.013"** 0.008 Coef. Std.
2 0.072*** 0.009 | [ 0.194** 0.019
m? 0.053**  0.022 | m 0.769** 0.037
k? 0.005 0.007 | £ 0.110"* 0.038

22-digit industry and time dummies are included in all equations. *** significant at 1%. ** significant

at 5%. * significant at 10%. In the Levinsohn-Petrin approach, standard errors are computed by block
bootstrapping following the levpet routine by Petrin et al. (2004). In the estimations by the Woodridge
method, the clustered robust standard errors are reported.
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Table 9: Production Function Estimation: Tests on Instruments®

Instruments in Translog Production Function Estimation
Ziy = {litfly Myt—1, k?t_l, m?t_l, Mit—1lig—1, Mig—1ki—1, lig—1ki—1,
mft,lk‘im, Mit—1Kit, Lir—1Kit, m?tflkit; l?tflkity lft,p m?t,p k?t
Endogenous Variables in the Production Function

{1, m, ml, mk, Ik, I>, m*}

Underidentification Test

Kleibergen-Paap rk LM Stat. 22.157 x? p-value 0.008
Overidentification Test of All Instruments

Hansen J Stat. 7.408 X2 p-value 0.493

®The null hypothesis of the under-identification test is that the system is under-identified, while the
null for the over-identification test is that the over-identifying restriction are valid (Hansen, 1982).

Table 10: Production Function Estimates at a Disaggregated-Level®

Food, Textile, Leather Chemicals, Rubber Basic and Fabricated Computer, Electronics

Wood and Paper Plastics and Furniture Metal Products Mach. and Vehicles

Coef. Std. Coef. Std. Coef. Std. Coef. Std.
l -0.062 0.131 | 0.086 0.111 | 0.383"* 0.036 | 0.427* 0.067
m 0.431 0.494 | 1.305"** 0.200 | 0.539* 0.313 | 0.545" 0.304
k 0.519***  0.172 | -0.175 0.111 | 0.094 0.103 | 0.058 0.172
ml 0.034 0.045 | -0.055% 0.031 | -0.144™* 0.019 | -0.107***  0.022
mk -0.121* 0.050 | 0.047 0.032 | 0.035 0.054 | -0.020 0.033
Ik -0.068* 0.036 | -0.023 0.026 | -0.007 0.011 | -0.004 0.019
12 0.051** 0.021 | 0.061*** 0.012 | 0.088™* 0.012 | 0.059"** 0.012
m? 0.084* 0.045 | -0.063 0.048 | 0.053* 0.030 | 0.073** 0.043
k2 0.053** 0.025 | 0.004 0.018 | -0.017 0.031 | 0.009 0.009
Underid. Overid. Underid. Overid. Underid. Overid. Underid. Overid.
test stat. 12.712 9.168 | 12.359 3.251 | 15.451 6.977 | 17.954 8.541
p-value 0.079 0.164 | 0.089 0.777 | 0.031 0.323 | 0.056 0.481
#firms&obs. 170 1734 98 1196 102 1198 112 1162

Underid. and Overind. represent instrument test results for underidentification and overidentifica-
tion that are described in Table 9.

Table 11: Factor Elasticities Evaluated at the Sample Means®

m [ k
All Sector 0.744 0.244 0.056
Food, Textile, Leather, Wood and Paper 0.910 0.221 0.084
Chemicals, Rubber, Plastics and Furniture 0.572 0.148 0.045
Basic and Fabricated Metal Products 0.697 0.289 0.092
Computer, Electronics, Mach. and Vehicles 0.817 0.305 0.013

“Factor elasticities the derivatives of the production functions evaluated at the sample means.
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6.4 Recovering Markups from Production Function Estimates

Equation 23 is the Hall’s (1988) optimality condition that equates the production elas-
ticity of intermediate inputs to the multiplication of markups (u;) and the input’s ex-
penditure share in revenues (s}).
2 alf = sl
OM;t Qi

Equation 23 can be derived as a first order condition to firms’ per-period profit maxi-
mization (e.g. Criscuolo and Martin, 2009) or cost minimization problem (e.g. De Loecker
and Warzynski, 2012), and is widely used in applied research to retrieve an empirical
measure of markups from estimated factor elasticities (e.g. Griliches and Mairesse, 1995;
Griliches and Klette, 1996; Dobbelaere and Mairesse, 2013; Kilinc, 2014). The condition,
however, requires the production factor to be perfectly variable, otherwise the objective
function of the maximization problem cannot be represented by per-period profits. In
other words, the optimality condition may not hold when defined in terms of quasi-fixed
factors of production such as labor and capital.

To compute the markups for each firm and every time period through Hall’s optimal-
ity condition, I use factor elasticity parameters recovered from the translog production
function estimation. Two different markup measures are computed by evaluating the
optimality condition using labor (Markup-L) and intermediate inputs (Markup-M). I
compare the markup measures based on a set of criteria, one of which is the expected
positive and high correlation between the price-cost margin (PCM) and the markup. To
understand the link between the PCM and markups, one may rely upon a simplified rela-
tionship based on the optimality condition. Assuming all production factors are perfectly
variable and the total returns to scale (RT'S; = ol + o} + off) does not significantly
vary among firms, the following condition entails positive relation between the PCM
(PCMy; =1/ [sh + s + sk]) and markups.

(23)

In the approximation of the firm-level PCM, I utilize the flexible part of the ex-
penditures and calculate the PCM by the ratio of the total expenditures on labor and
intermediate inputs to revenues. Table 12 presents the partial correlation matrix between
the firm-level PCM and the markup measures. In addition to the PCM, I introduce the
RTS into the analysis to be consistent with the condition given by equation 24. The
time specific RTS is recovered at the firm-level from the translog production function
estimation.

Table 12: Partial Correlation Matrix for Markups and PCM

Markup-L. PCM PCM*RTS

Markup-M —0.140 0.603 0.671
Markup-L 0.376 0.344
PCM 0.985

Markup-L. PCM Markup-M
Wght. Average 0.772 1.137 1.135
Std. 0.297 0.192 0.311
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The upper panel of Table 12 displays the partial correlation coefficients that are
controlled for industry and year fixed-effects. The correlation between the Markup-M and
Markup-L is negative emphasizing the importance of the selection of the right markup
measure. The correlation of the PCM with the Markup-M is higher than its correlation
with the Markup-L. The correlation coefficient decreases for Markup-L but raises for
Markup-M, when the PCM is replaced by PCM*RTS.

In the firm-level data, one can observe markups lower than 1 for some particular
firms and possibly for a temporary period, after which the firm is expected to raise its
markup or exit the market. In most cases, firms’ markups exceed 1 indicating positive
profit opportunities. The below panel of Table 12 shows that the weighted average of the
firm-level Markup-L is lower than 1, while the weighted average PCM and Markup-M are
slightly above 1.

Figure 6: Measures of Markup vs. TFP
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Figure 6 displays two scatter plots for the measures of markup against the log of the
TFP that is retrieved from the translog production function estimation. In the scatter
plots, each point represents a markup-productivity combination of a firm in a year. The
left panel displays that the Markup-L is below 1 for a large portion of firms in the sample,
while on the right panel, the Markup-M mostly lies between 1 and 2.

The correlation of markups with actual productivity can be positive or negative de-
pending on various factors such as the market structure and the level of competition.
When productivity is measured by deflated nominal sales and input expenditures, how-
ever, the productivity index (revenue productivity) embodies markups, so that the cor-
relation between markups and the revenue productivity is more likely positive.® Figure 6
shows that the correlation of the log TFP with the Markup-L is weak, while its correlation
with the Markup-M is strongly positive.

Overall, Figure 6 also provides, to some degree, evidence that the Markup-M is more
robust, so that it is chosen as the right markup measure to be used in the analysis.

5The expected positive correlation between markups and standard measures of revenue productivity
is supported theoretically and empirically, for instance, by the studies of Bernard et al.(2003), Melitz
and Ottaviano (2008), De Loecker and Warzynski (2012) and De Loecker et al. (2012).
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Figure 7: Productivity, Export Intensity and Markups for Each Industry Group
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Table 13: Correlation Matrix Based on Disaggregated Prod. Function Estimates®

log(R. TFP) Markup-M  Markup-L.  Exp. Int. PCM PCM*RTS Size

log(Q. TFP) 0.698 -0.494 0.065 0.002 -0.053 -0.366 -0.069
log(R. TFP) 0.233 -0.140  -0.203 0.379 0.143 -0.216
Markup-M -0.227  -0.249 0.486 0.636 -0.058
Markup-L 0.178 0.181 0.264 0.256
Exp. Int. -0.072 -0.047  0.280
PCM 0.891 -0.017
PCM*RTS 0.040

?Correlation coefficients are controlled for industry and time fixed-effects. R. and Q. TFP represent
revenue and quantity productivity, Exp. Int. is the export intensity based on the sum of intra and
extra-EU exports.

6.5 Analysis of Export Demand Functions

Table 14: Descriptives on Demand Function Variables®

Export Destination Country Size = Small Medium Large
Sector Totals
Number of Exporting Firms 93 145 142
Value of Exp. Goods (million Euro) Annual Avg.  115.1 1451.9 3868.5
Number of Quantities (million) Annual Avg. 89.1 1335.6 3853.0
Description of Destination or Firm Specific Variables
EU Member Dummy mean 0.24 0.61 0.64
std 0.43 0.49 0.48
Tariff Indicator (1 to 10) mean 3.26 2.87 3.36
std 3.45 3.46 3.5
Wage per Employee (firm-level) mean 1.72 1.67 1.67
std 0.51 0.50 0.50
Imported Goods’ Price (firm-level) mean 2.08 2.24 1.67
std 36.85 64.62  56.33
Exchange Rate mean 110 92 275
(Euro/National Currency) std 387 886 1846
Distance (km) mean 3547 1828 2649
std 3623 2892 3202

“Small countries are classified as the ones with less than 5 million population. Medium-sized countries
have a population between 5 and 40 million, and large countries are the ones with more than 40 million
population.
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Figure 8: Total Volume of Exports vs. Destination Country Size
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Figure 9: Distance vs. Destination Country Size
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Figure 10: CIP vs. Destination Country Size
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Table 15: Demand Estimation for Alternative Product Categories®

Qipct
M
D ct Qipct

L
D ct Qipct

tarif fo

exrate.
Dgy

#obs

Full Sample Metals Plastics
(la)  (1b)  (2a)  (2b)  (3a)  (4b)
0.816™*  0.720"™*  0.869"**  0.753™**  0.803"**  0.690***
(0.012) (0.034) (0.031) (0.094) (0.028) (0.046)
0.098*** 0.067 0.086™**
(0.031) (0.097) (0.032)
0.107*** 0.164* 0.151**
(0.038) (0.099) (0.062)
-0.935"** -0.645 -0.851"**
(0.191) (0.687) (0.310)
-1.248*** -1.622** -2.031%**
(0.267) (0.779) (0.599)
-0.007 0.029 -0.362* -0.268 0.290* 0.334**
(0.057) (0.058) (0.189) (0.198) (0.163) (0.162)
0.170***  0.171"*  0.135"*  0.130"**  0.098** 0.094**
(0.017) (0.017) (0.050) (0.051) (0.040) (0.040)
0.011 0.013 -0.009 -0.018 -0.003 0.005
(0.009) (0.010) (0.015) (0.018) (0.020) (0.022)
-0.458™*  -0.462***  -0.472**  -0.427*** -0.517""  -0.515™**
(0.044) (0.045) (0.124) (0.128) (0.102) (0.103)
95360 95360 11838 11838 18866 18866

“For explanations see Table 17.

Table 16: Demand Estimation for Alternative Product Categories

Instrument Sets in Demand Function Specifications

: Instrument Tests

(1a) (2a) (3a) {qipct—l’pilbwit}

(1b) (2b) (3b) {qipct—l’Dé&—lquCt*hD%—lqmctflapi]t’wit}

Endogenous Variables

(Ta) (2a) (3a) {gipe}
(1b) (2b) (?’b) {qz‘pctvDé%pcmDé\t/IQipct}

Underidentification Test (1a) (1b) (2a) (2b) (3a) (3b)
Kleibergen-Paap rk LM Stat. 1294.5 386.3 187.8 69.9 331.3 1724
X2 p-value 0.000 0.000 0.000 0.000 0.000 0.000

Weak Identification Test
Kleibergen-Paap rk Wald Stat.  485.7 87.4 68.6 14.2 118.1 36.6

Overidentification Test of All Instruments
Hansen J Stat. 1.380 1.445 3.065 3.367 1.818 1.636
X2 p-value 0.502 0.486 0.216 0.186 0.403 0.441

LM test for Instrument Redundancy
Hy @ Qiper—1 is redundant (LM) 1290.8 134.7 320.2 48.6 180.0 17.8
X2 p-value 0.000 0.000 0.000 0.000 0.000 0.001

%For explanations see Table 18.
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Table 17: Demand Estimation for Alternative Destination Characteristics®

zZ = R. Productivity Distance EU Membership
(4a) (4b) (ba) (5b) (6a) (6b)
Gipet 0.703**  0.717*  0.632"**  0.643"™*  0.735"*  0.693"**
(0.024) (0.035) (0.027) (0.045) (0.016) (0.036)
Dz, Gipet 0.156*** 0.244*** 0.115%*
(0.028) (0.030) (0.014)
DM Ginet 0.036 0.025 0.073**
(0.037) (0.035) (0.032)
Dz DM e 0.098*** 0.177*** 0.061***
(0.027) (0.044) (0.015)
DL giper -0.037 -0.009 -0.051
(0.058) (0.054) (0.046)
Dz DEgipe 0.174*** 0.296*** 0.290***
(0.050) (0.040) (0.037)
DM -0.805*** -0.520* -0.806***
(0.201) (0.210) (0.194)
DE -0.683* -0.664** -0.440
(0.359) (0.331) (0.308)
Dz DM -0.495***
(0.111)
D3 DE 0.949*
(0.571)
gdp,, 0.014 0.028 0.250%**  0.324™*  0.027 0.150**
(0.058) (0.059) (0.072) (0.078) (0.059) (0.061)
tariff, 0.163**  0.172"*  0.127***  0.124™*  0.150"**  0.147**
(0.017) (0.017) (0.018) (0.019) (0.017) (0.018)
exrates 0.014 0.017*  0.007 0.011 0.020*  0.017*
(0.010) (0.010) (0.009) (0.010) (0.009) (0.010)
DEU -0.438%**  -0.462"*  -0.382"**  -0.383*** -1.128*** -0.327**
(0.045) (0.045) (0.046) (0.047) (0.096) (0.062)

?Every equation is estimated by the GMM IV for which product-firm-destination specific fixed-effects
model is used. Time dummies are included in all equations. *** significant at 1%. ** significant at 5%.
* significant at 10%. Robust standard errors are in parentheses.
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Table 18: Demand Estimation for Alt. Destination Characteristics: Instrument Tests®

Instrument Sets in Demand Function Specifications
(4a) (5a) (6a) {qipctflvpi]ﬂwit}

(4b) (5b) (6b) {qipctfl’Dé—lquCt—l’D%—lquCt—hDcl;f—ngt—lquCt—h
Dé‘fle;flqipct,l,pft, Wy}

Endogenous Variables

(4a) (5a) (6a) {q;pc}

(4b) (5b) (6b) {QipctchLtqZ‘pctvD%QipctaDthDthipchDgtJDﬁtQipct}

Underidentification Test (4a)  (4b)  (ba) (Bb)  (6a)  (6b)
Kleibergen-Paap rk LM Stat. 346.0 101.9 316.7 143.8 1039.4 361.8
x? p-value 0.000 0.000 0.000 0.000 0.000 0.000

Weak Identification Test
Kleibergen-Paap rk Wald-F Stat. 95.5 16.0 88.1 226 293.0 574
Overidentification test

Hansen J Stat. 2,519 2175 1.010 1.421 1.387 1.414
x? p-value 0.284 0.337 0.604 0.492 0.500 0.493

?Kleibergen-Paap rk Wald statistics (Kleibergen and Paap, 2006) can be used for two different weak
identification tests. In the first test, the null hypothesis is that the bias in the IV coefficient estimates on
the endogenous variables is greater than 5 percent of the OLS bias. The null of the second type of weak
identification test is that the actual size of the t-test for the significance of the IV coefficient estimate
of the endogenous variable at 5 percent significance level is greater than that at 10 percent. Stock and
Yogo (2005) reports the critical values at 5 percent significance level. The reported Wald statistics, which
reduces to F statistics in the case of single exogenous variable, are large enough to reject the null. The
null hypothesis of the under-identification test is that the system is under-identified, while the null for
the over-identification test is that the over-identifying restriction are valid.
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