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Abstract In this paper, the authors analyze and compare the role of international
trade for productivity growth within the service and the manufacturing sector. They
distinguish between trade in goods and trade in services within both sectors, and
between exports and imports. At the firm level, they find that firms that start to
export or import goods experience significant increases in productivity and size. The
effects of services trade are typically smaller, confined to exports and vary across
sectors. At the sector level, they find that international trade plays a potentially
larger role for the productivity development within the service sector than within the
manufacturing sector, but it is trade in goods not trade in services that matters most.
This suggests that trade intermediaries play an important role for productivity
growth in the economy.
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1 Introduction

The empirical literature on international trade and firm productivity has grown
rapidly since Bernard and Jensen (1995) documented important within-industry
differences between manufacturing exporters and non-exporters; see, e.g., Bernard
et al. (2012) for a recent review.

The focus on manufacturing exporters in this literature is, however, too narrow if
we wish to fully understand the potential importance of international trade for
productivity and productivity growth. First, in most—if not in all—developed
countries, the service sector has overtaken the manufacturing sector as the most
important sector of the economy whether measured in terms of output, value added
or employment. Crozet and Milet (2014) thus report that the share of the
manufacturing sector in value added has dropped by 10 percentage points in most
OECD countries since 1970, and it now constitutes on average less than 20 %.
Second, the exporting activities of the service sector have also gained in importance
and are becoming increasingly important (e.g., Lipsey 2009; Francois and Hoekman
2010; Haller et al. 2014; Lodefalk 2014). Trade in services constitute a large
(roughly 20 %) and growing share of world trade, but trade in goods by service-
sector firms also play an important role (e.g., Bernard et al. 2010), and the
contribution to productivity growth by these firms has so far remained undocu-
mented. Third, exports constitute only one side of the coin. Imports of goods and
services at the firm level are likely to be equally important for productivity, but
have—due to data limitations—often been ignored in the empirical literature
(Bernard et al. 2007)."

In this paper, we therefore analyze and compare the role of international trade for
both firm productivity and aggregate productivity growth within the service and the
manufacturing sector. Furthermore, within both sectors, we distinguish between
trade in services and trade in goods, and between exports and imports. This provides
the most comprehensive treatment to date of the relationship between international
trade and firm productivity.

As mentioned above, there exists a voluminous empirical literature about
manufacturing firms that export. It is now well established that these firms are more
productive than other firms (e.g., Bernard and Jensen 1995, 1999). Most research
ascribe this to selection into exporting by more productive manufacturers, but some
studies (e.g., Van Biesebroeck 2005; De Loecker 2007, 2013; Manjon et al. 2013)
also find a causal learning effect on performance from exporting.

A related line of research has shown that the productivity advantage of exporting
manufacturers also matters significantly for aggregate productivity growth both
through higher within-firm productivity growth of exporting firms and through
reallocations of resources from less productive non-exporting firms to more
productive exporting firms. Bernard and Jensen (2004) find that up to 65 % of
aggregate total factor productivity (TFP) growth in US manufacturing between 1983
and 1992 can be attributed to foreign shipments. On a more causal note, Bernard

! For recent exceptions, see Aristei et al. (2013), Bas and Strauss-Kahn (2014) and Foster-McGregor
et al. (2014).
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et al. (2006) find relatively high gains in productivity at the industry level for US
industries experiencing large reductions in tariff rates between 1977 and 2001. See
also Bernard et al. (2012) for other studies documenting positive aggregate
productivity effects.

An obvious question to ask is therefore whether the observed relationship
between export activity and firm productivity and between export activity and
aggregate productivity growth within manufacturing can be “transferred” to (a) the
service sector, (b) exports of services, and (c) import activities.

While a recent literature surveyed by Wagner (2012) has shown that manufac-
turing firms that import enjoy a productivity advantage similar to (or even greater
than) that of manufacturing firms that export, we still know very little about the
productivity advantages of exporters and importers in the service sector and even
less about their potential aggregate effects. The few existing studies at the firm level
seem to indicate that the picture resembles that in manufacturing. Thus, Breinlich
and Criscuolo (2011) using data on British firms find that the relationship between
productivity and exports of producer services is very similar to the relationship
between productivity and goods exports. Temouri et al. (2013) focus on business
services firms using enterprise data from the United Kingdom, France and Germany,
and find that firms that export are more productive (measured as value added per
employee) and pay higher (average) wages than non-exporting firms.>

To understand the relationship between trade and productivity, we need to
consider not just exports of producer services or business services firms, but the full
spectrum of firms and trading activities. Furthermore, we shall argue that, it is
important and empirically relevant to distinguish between both the type of trade
(goods or services), the direction of trade (exports or imports), and the type of firm
(manufacturing or service). Thus, goods traders in the service sector (e.g., wholesale
firms) are likely to be different from goods traders in the manufacturing sector (e.g.,
pharmaceutical firms) and services traders in the service sector (e.g., consultancy
firms), and there is no a priori reason to expect that the trade productivity premium
is the same for these types of firms. Both the production process and the costs and
gains of engaging in international trade are likely to differ across such firms.

The purpose of the present analysis is two-fold. First, using Danish register data
for the period 2002-2008, we provide a comprehensive analysis at the firm level of
the relationship between international trade and firm productivity. We estimate
models of the relationship between within-firm changes in productivity and a range
of trade variables akin to specifications employed in the early literature on firm
heterogeneity and exporting (e.g. Bernard and Jensen 1999). As we control for
changes in factor use, we are implicitly focusing on the pure learning effects of
trade.

2 Jensen (2008) focuses on trade in high-tech services and finds that the results are similar to the results
found when using data for manufacturing firms. Exporters are larger than non-exporters, they pay higher
wages, and their labor productivity is higher. It should also be mentioned that Breinlich and Criscuolo
(2011) only include producer services, and they do not distinguish between different types of firms in
their analysis. Temouri et al. (2013) focus exclusively on a part of the service sector and cannot in their
data distinguish between exports of goods and exports of services.
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Compared with previous studies, we cover almost the entire private sector, and
we distinguish between manufacturing firms and service firms, between trade in
goods and trade in services, and between exports and imports. In that sense, it is the
most comprehensive treatment of this issue to date. Still, the nature of our analysis
is descriptive, as the relationship between firm productivity and trade is inherently
endogenous. Firms that for unobserved reasons become more productive may also
start to trade more. Therefore, we do not attach a causal interpretation to our results.
Instead, our advantage is that we can assess the relative importance of the full range
of trade activities across firms and across private sector industries. This approach is
also dictated by the scarcity of exogenous variation in the data explaining trade in
services (Francois and Hoekman 2010).3 In contrast, several studies have
documented causal effects of goods-trade liberalizations using observed tariff cuts
as a source of exogenous change (e.g., Pavcnik 2002; Bernard et al. 2006; Trefler
2004), but such data are unavailable for services-trade liberalizations.*

Second, we ask whether any firm-level differences in productivity carry over to
the aggregate level, and thus whether the various types of international trade play a
different role for aggregate productivity growth within the service sector than within
manufacturing. In order to quantify the potential importance of exports and imports
for productivity growth, we apply a recent decomposition technique developed by
Melitz and Polanec (2012). This method allows us to decompose aggregate
productivity growth into contributions from within-firm productivity growth and
from reallocations. Using our firm-level estimates, we then do a counterfactual
exercise to determine how much of the aggregate productivity growth that can be
attributed to international trade. This approach allows us to identify the trade
activities (goods trade, services trade, importing, exporting) by firm type
(manufacturing or service) that play the potentially most important roles for
productivity growth.

At the firm level, we find that in particular firms that start to export or import
goods enjoy increases in productivity and size. The effects are sizeable and
surprisingly similar across sectors. The picture is different when it comes to trade in
services. Here we also find positive productivity and size effects of starting to
export, but the effects are smaller, and size effects are confined to the service sector.
Productivity and size effects of services imports, on the other hand, are largely
absent.

At the aggregate level, we find that international trade plays a potentially larger
role for the productivity development within the service sector than within the
manufacturing sector, but it is trade in goods not trade in services that matters most
for the productivity development within this sector. More specifically, productivity
growth seems largely to have been driven by the wholesale and the retail industries.

3 An important exception is Cristea et al. (2012) who find substantial welfare gains from services trade
liberalization in the passenger aviation industry.

4 Some studies use matching techniques to estimate effects of exporting (see, e.g., De Loecker 2007).
However, this approach is very data demanding since in principle everything that matters for selection
(exporting or not) and the outcome of interest (e.g. productivity) must be observed for the estimated
effects to be given a causal interpretation.
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This finding is related to an emerging literature examining various aspects of
intermediaries in international trade (Ahn et al. 2011; Akerman 2012; Bernard et al.
2010, 2011). This line of research uses firm-level data from a number of countries to
provide evidence for the importance of wholesalers and retailers in trade flows and
to determine the factors that give rise to trade by intermediaries. In contrast to this
literature we are the first to show the role played by wholesalers and retailers in
aggregate productivity growth.

The rest of the paper is structured as follows. In Sect. 2, we discuss the data. In
Sect. 3, we consider the firm-level evidence, while Sect. 4 considers the potential
effects on aggregate productivity growth. Finally, Sect. 5 concludes.

2 Data and descriptive statistics

We have access to a very rich matched worker-firm longitudinal data set covering
the total Danish population of firms and their workers for the years 1995-2008. We
draw on several administrative registers within which each firm is associated with
the same unique identifier. The reporting level in the data is the firm, and each firm
may possibly encompass several plants or subdivisions. Each individual is also
associated with a unique identifier, and all employed individuals are linked with a
firm identifier at the end of each year. These data contain detailed information about
individual socio-economic characteristics and firm characteristics on an annual
basis. To this data set we merge information on firm-level exports and imports of
goods and services. We restrict attention to firms with at least one employee, i.e., we
leave out self-employed without employees.

When comparing the performance of trading and non-trading service producers, a
number of new issues arise relative to the case where only manufacturing firms are
considered. Manufactured goods are tangible, visible and storable, while services
are often intangible, invisible and perishable, requiring simultaneous production and
consumption (e.g., Copeland and Mattoo 2008).” One implication is that it is more
difficult to measure trade in services than trade in goods. This is also reflected in the
framework of the General Agreement on Trade in Services (GATS), which
distinguishes between four modes of international trade in services. Mode 1
constitutes services that are being shipped across borders (often electronically), such
as computer software, call-center services, etc. This is the type of services trade that
resembles trade in goods most closely. Mode 2, on the other hand, constitutes
services where the consumer has to move (temporarily) to the country of the
supplier to enjoy the service, as in the case of, e.g., tourism and education. Mode 3
covers trade in services through a commercial presence of the supplier in the
country of the customer, i.e., where the supplier sells its services through a local
subsidiary of the company. Finally, mode 4 constitutes services, which require that
residents of the exporting country move temporarily to the country of the consumer
to deliver the service—either on behalf of their employer in the exporting country or

5 There are exceptions from this. As an example, the production of software is a service activity, despite
the fact that software may be stored on, e.g., hard disks and CD’s.
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on their own account as temporary workers. Many consultancy services are thus
covered by this mode. In our analysis, we restrict attention to mode 1 and that part
of mode 4, which is on behalf of a firm in the exporting country, as these are the
types of international trade in services that are measured at the firm level in our data.

Our firm-level measure of services exports is derived as the difference between
the firm’s total exports (including both goods and services) and the firm’s exports of
goods only.® Total exports at the firm level is recorded in the VAT register in
Statistics Denmark, while the exports of goods are based on information from the
Danish External Trade Statistics register at Statistics Denmark and the VAT
register. In a similar way we construct firm-level measures for imports of goods and
services.

Some additional remarks about the construction of the service trade measures are
in order. First, the External Trade Statistics are compiled in two systems: Intrastat
(trade with EU countries) and Extrastat (trade with non-EU countries). The level of
detail in these registers is very high as trade flows are recorded by destination/origin
country and eight-digit product code. Trade flows in Extrastat are recorded by the
customs authorities, and the coverage rate is therefore close to complete. In contrast,
the coverage rate in Intrastat is lower (around 90 %), because some, predominantly
small, firms appear not to report data to the system. Also, data on intra-EU trade is
censored in a way such that only firms exporting goods with a total annual value
exceeding a certain threshold are recorded in the files. Fortunately, the VAT register
records the total goods exports to EU countries from 2002 and onwards, and the
coverage rate here is higher. This allows us to compute total goods export at the firm
level quite accurately.

Second, the measure of total exports of goods and services also stem from the
VAT register. It is a measure of total VAT-exempted exports, and thus includes the
total export of goods as well as exported services when these are not liable for value
added taxation in Denmark. The precise requirements for this are set forth by the
Danish VAT regulations, and it seems to be the case that the export of the most
important types of services are exempted from Danish VAT and hence included in
the measure.” We therefore believe that we can calculate the exports of services at
the firm level fairly accurately for the years 2002 through 2008. It should be noted,
however, that the measure of total exports at the firm level also may include certain

6 Note that we cannot distinguish between within-firm trade and trade at arm’s length.

7 The Danish VAT regulation from 2005 defines which services can be exported (and when) without
adding Danish VAT. This list of services include royalties and license fees, advertising services,
consultancy services, engineering services, legal services, accounting services, management services, data
processing services, banking services, financial services, insurance services, delivery of labor services,
leasing services, transmission and distribution of gas and electricity, telecommunication services,
broadcasting services (radio and tv), electronically delivered services including software, databases,
music, movies, betting, cultural events and scientific events, transportation services and services in
connection with real estate. As a rule of thumb, these services are not subject to Danish VAT when they
are used outside Denmark and sold either to a firm/person outside the EU or to a firm within the EU but
outside Denmark. For more details see https://www.retsinformation.dk/Forms/R0710.aspx?id=17030.
Services that are subject to value added taxation in Denmark are not included in the measure.
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goods and services exempted from value added taxation in Denmark but sold
domestically.®

Third, the measure of total firm-level imports in the VAT register is restricted to
only include services (and goods) that are liable for value added taxation in
Denmark. Again, this seems to be the case for the most important types of services,
so the measurement bias from this restriction is likely to be small.”

Fourth, it should also be emphasized that we only have data on the total firm-
level trade of services, and so we are not able to distinguish between different types
of services. To compensate for this, it is important to distinguish between different
types of industries in the analysis. In the main part of our analysis, we thus choose to
distinguish between 8 different manufacturing industries and 20 different service
industries based on the NACE industry classification (see Table 8 in the
“Appendix” for the list of industries)."’

Finally, the construction sector has been left out for two reasons. First,
production in the construction sector is neither “pure” service nor “pure”
manufacturing, and one of our purposes is to compare the implications of services
trade to those of goods trade. Second, in the years 2002-2008, the development in
the construction sector was heavily influenced by the business cycle with
“overheating” in the middle part of the period, and a sharp decline at the end of
the period. In total, the excluded firms account for 10 % of sales, 15 % of value
added and 7 % of employment in the total numbers for the manufacturing and
service sector in 2008."!

In Fig. 1, we show the development in the imports and exports of goods and
services for firms in the manufacturing and service sector, respectively. In the
manufacturing sector the share of goods exports in total sales clearly dominates with
close to 50 % throughout the period 2002—-2008. The goods-imports share has been
mildly rising but it stays below 20 % in all years. The goods-imports share is similar
in the service sector, but here it is roughly twice as high as the goods-exports share.
Services-exports and services-imports shares are smaller in both sectors, but, as
expected, the services-exports share is somewhat higher in the service sector.

Table 1 displays the extent of different types of trading firms in the data for 2008.
Out of the 10,330 manufacturing firms in the data, 45 % are exporting firms of
which 20 % export services and 42 % export goods, while 17 % do both. For
comparison, Mayer and Ottaviano (2007) report that 39 % of all manufacturing
firms in Norway export.'? Even though less than half of the manufacturing firms
export goods they account for the bulk of employment, sales and value added in this

8 This includes, e.g., newspapers and rental of larger ships, but also some transportation services when
these are sold in connection with exports out of the EU.

° The list of services captured is identical to the services listed in footnote 7.

10 In the NACE classification firms are classified according to their main economic activity (i.e., value
added not sales).

" We have also excluded financial intermediation and transportation of people, as we were afraid that
some of their services sold domestically would be registered among total exports, which would introduce
noise into our export measures, cf. footnote 8.

'2 They report higher proportions of exporters in France, Germany and Italy, but this is likely due to
biases of these samples towards relatively large firms.
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Fig. 1 Trade shares in the manufacturing and service sectors. Data source: register data provided by

Statistics Denmark (see text for more information)

Table 1 Exporting and importing firms in the manufacturing and service sectors, 2008

Firms exporting

Firms importing

Services Goods Goods and Services Goods Goods and
services services

Manufacturing sector

Share of firms 0.20 0.42 0.17 0.07 0.48 0.06
Share of employment 0.34 0.81 0.32 0.24 0.86 0.24
Share of sales 0.34 0.89 0.33 0.25 0.92 0.25
Share of value added 0.34 0.84 0.32 0.28 0.89 0.28
Service sector

Share of firms 0.13 0.14 0.07 0.04 0.27 0.04
Share of employment 0.36 0.42 0.26 0.22 0.56 0.21
Share of sales 0.47 0.64 0.38 0.27 0.74 0.26
Share of value added 0.39 0.47 0.28 0.23 0.63 0.22

The upper (lower) part of the table shows the relative importance of exporting and importing firms in the
Danish manufacturing (service) sector in 2008 as measured by their share in the number of firms, total
employment, total sales and total value added. Note that firms which, e.g., export both goods and services
will be included in the first, second and third column, and therefore the sum of a row across columns 1-3
(and across columns 4-6) may exceed 1. The number of observations (firms) are 10,330 in the manu-
facturing sector and 52,433 in the service sector. Data source: register data provided by Statistics
Denmark (see text for more information)
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sector. There are 52,433 firms in the service sector of which a lower proportion
export services (13 %), but they account for a larger share of economic activity than
in the manufacturing sector. It is also noteworthy that only 14 % of service firms
export goods, but they account for almost two-thirds of the sales in this sector.
Similar patterns are observed when we consider imports of goods and services.

Table 2 compares the characteristics of the different types of trading firms by
using regressions of the characteristic in the leftmost column on dummy variables
for the trading status of the firm. The reference category is non-traders. The
regressions also control for industry fixed effects and the number of employees in
the firm (except in the case of the first characteristic, the log of employment).
Consistent with the previous literature we find that within the manufacturing sector
goods exporters are on average larger, have higher sales, are more productive and
pay higher wages. For example, goods exporters are on average 89 % larger in
terms of employment than non-traders, and even larger if they also export services.
Table 2 shows that the same patterns hold within the service sector. Turning to
goods imports it is also evident that many of the same performance differences exist
in both the manufacturing sector and in the service sector. In addition, services
exports in the service sector and services imports in both sectors are associated with
performance premia in much the same way as goods trade. However, the picture for
services exports is different in the manufacturing sector. Services exporters in the
manufacturing sector are somewhat larger but they exhibit lower sales, value added
per worker and capital per worker (only the latter difference is significant though).
However, as is evident from Table 1 the vast majority of services exporters in the
manufacturing sector are also goods exporters, so these firms also enjoy the goods-
exporting premium.

As productivity measures in Table 2 we use both TFP and value added per
worker. In Sect. 4 we use a method to decompose aggregate productivity growth
suggested by Melitz and Polanec (2012). Following their approach, we rely on
ordinary least squares (OLS) estimates of TFP using value added as the dependent
variable and capital and labor as inputs.'® It is well known that this estimator may be
biased, and we could alternatively use, e.g., the Levinsohn and Petrin (2003)
routine.'* However, the estimates obtained using this approach implied (substantial)
decreasing returns to scale in the production functions. This seems unlikely to be the
case in reality and would tend to increase TFP estimates for larger firms. As a

> The estimated coefficients of labor and capital in the TFP regression are 0.74 and 0.21,
respectively, and log of firm TFP is calculated as the residual in the following way: log(value
added) — 0.74 x log(labor) — 0.21 x log(capital). Following Melitz and Polanec (2012), we assume
similar coefficients of labor and capital across industries, but the TFP regression includes industry-
specific effects. This is done in order to obtain consistent estimates of log of TFP across all industries
and hence to avoid productivity effects in the subsequent decomposition analysis that stems from
reallocations from, e.g., an industry with large coefficients of capital and labor to an industry with
small coefficients and hence a relatively larger TFP component. We get very similar results in our
TFP regressions (Table 3) if instead we allow for different coefficients in the manufacturing and
service sectors or across the 28 sub-industries.

4 Simultaneity bias may arise if positive shocks to productivity induce firms to buy more inputs.
Levinsohn and Petrin (2003) introduce an estimator, which uses intermediate inputs as proxies for
unobserved shocks to productivity.
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Table 2 Trading premia, 2008

Service export ~ Goods export  Service import  Goods import

premia premia premia premia
Manufacturing sector
Log (employment) 0.141 %% 0.889%#* 0.437 %% 0.744 %%
Log (sales) —0.019 0.350%** 0.196%+* 0.299%#:#*
Log (value added per worker) —0.020 0.160%*** 0.061%* 0.141%**
Log (capital per worker) —0.110%** 0.247%#%% 0.132%* 0.094 %
Log (TFP) 0.003 0.108**%* 0.033 0,121
Log (wage bill per worker) —0.019% 0.029%* —0.009 —0.013
Service sector
Log (employment) 0.499%#:#* 0.509%*%* 0.372%#% 0.408##7*
Log (sales) 0.258%#%* 0.402%%*%* 0.148%#%* 0.267%*%*
Log (value added per worker) 0.103 % 0.191%%%* 0.058%##%* 0.189%#*
Log (capital per worker) 0.003 0.166%%* 0.079%* —0.098%***
Log (TFP) 0.102%#%* 0.156%*%* 0.04 1%+ 0.209%*%*
Log (wage bill per worker) 0.050%** 0.044%%*%* —0.000 0.029%**

The numbers reported in a row are the estimated coefficients from a regressions of the firm characteristic
mentioned in the first column on four dummy variables: exporting services, exporting goods, importing
services and importing goods. Total factor productivity is calculated from OLS regressions of value added
on capital and labor. All regressions include industry fixed effects and log employment as controls, except
for the regression with log(employment) as the dependent variable, where employment is omitted as a
control variable. The number of observations (firms) are 10,330 in the manufacturing sector and 52,433 in
the service sector. *** Significance at the 1 % level, ** at the 5 % level, and * at the 10 % level. Data
source: register data provided by Statistics Denmark (see text for more information)

consequence reallocations between firms of different sizes could then affect
aggregate productivity. Further, as argued by Van Biesebroeck (2004) the
differences in the estimated TFP when using different methods are unlikely to be
of first order.

Productivity estimation is particularly challenging in the service sector because
output is intrinsically hard to measure here. For example, the price deflators may not
fully reflect quality improvements, which would lead to an understatement of real
output. We deflate value added by industry-specific price deflators (and capital by a
capital-price deflator) taken from the national accounts (117 industries), but it
should be kept in mind that measurement error in the price data may to some extent
bias our TFP estimates.

3 Trade, productivity and growth

Trade may impact on aggregate productivity through both within-firm productivity
growth and through reallocations from less to more productive firms. In Sect. 4, we
use a decomposition analysis to assess the relative importance of these two channels
and to determine how much of the aggregate productivity growth that can be
attributed to international trade. In this section, we first look at the firm-level
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evidence and analyze how the growth in productivity and size of a firm depends on
its trading status using the standard regression approach implemented in the
literature. The results from these regressions will then be used in the next section to
assess the implications of trade at the firm level for aggregate productivity growth.

The results in Table 2 indicated that exporters and importers of goods are more
productive than non-exporters and non-importers in both the manufacturing and
service sector. A similar result was found for services exporters in the service sector.
One explanation behind these patterns may be that firms learn from trading and
become more productive. However, the differences between different types of firms
may be partly explained by other differences than export and import status such as
the educational level of the employees, the capital per worker or even unobservable
differences between the firms. Thus, they might reflect that the most productive
firms self-select into being exporters or importers. To control for this selection, we
estimate within firm changes in productivity, where we also control for changes in
factor use. Specifically, we estimate the following equation:

Alog(productivity;) = B + f,Atype; + B, Aintensity; + yAZ; + &; (1)

where Alog(productivity;) is the log change in productivity of firm i between 2002
and 2008, where productivity is measured by either TFP or labor productivity (value
added per worker). Atype; is a vector of dummy variables capturing the different
types of firms. More precisely, we use 12 different indicators, reflecting whether a
firm starts, stops or continues to export goods, import goods, export services or
import services, respectively, between 2002 and 2008. The reference category is
thus a firm that is not classified as an exporter or importer (of goods or services) by
the beginning and the end of the sample window.'> Aintensity; is similarly a vector
of four variables containing the changes in the export and import intensities of
goods and services, respectively, between 2002 and 2008, where intensities are
measured relative to total sales. Z; is a vector of other controls, including the
educational level of the employees, the capital-worker ratio, and the size of the firm
(number of employees). These control variables may also be affected by trade. For
example, firms that increase their importing activities may change the composition
of the workforce (e.g., Hummels et al. 2014), and firms may prepare for exporting
by hiring certain types of workers (e.g., Molina and Muendler 2013). Thus, by
including these controls, we are implicitly considering the pure effects of learning-
by-exporting/importing.

The model is estimated in first differences to eliminate the effects of permanent
unobserved firm differences on productivity, i.e., we control for the effects of self-
selection of the most productive firms into exporting and importing activities.
Furthermore, we use long differences (i.e., the difference between 2008 and 2002)
to diminish any short-run stochastic impacts on the variables. In the next section, we
use the results to decompose the long-run productivity growth from 2002 to 2008,

15 To be precise, a firm is defined as a goods exporter in the beginning of the period if it exports goods in
both 2002 and 2003. Likewise a firm must export goods in both 2007 and 2008 to be classified as a goods
exporter by the end of the sample window. Similar definitions are applied for goods importers and service
exporters and importers. We use this definition to avoid the influence of frequent switching in and out of
exporting and importing.
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and so using long differences is consistent with this decomposition exercise.
However, it is important to emphasize that we do not control for the possibility of a
firm-specific temporary shock, which simultaneously affects trading behavior and
productivity. For this reason, the estimated parameters do not necessarily reflect
causal effects of importing and exporting activities.

In Table 3, we report the outcomes of the regressions. The results for the
manufacturing sector are reported in panel A, and the results for the service sector in
panel B.

Consider first the variables for goods exports. Starting to export goods implies a
productivity gain of 9-12 % in both sectors, whether measured by TFP or labor
productivity, and this finding is robust to the inclusion of firm controls in the
regressions. There is no effect of stopping to export goods, while firms that continue
to export throughout the period enjoy larger productivity growth in the amount of
6—7 %, but only in the manufacturing sector. The positive effects of starting to
export goods are supplemented by a positive effect of the goods-exports intensity,
which again is surprisingly similar across the two sectors.

The effects of services exports are somewhat different. Firms that start to export
services enjoy a productivity gain, but only around 3-5 % and only in the service
sector. Firms that stop to export services similarly experience a loss of 5 %, but only
in the manufacturing sector where there is also a negative effect of being a services
exporter throughout the period. These differences between the sectors are partly
reversed by the fact that the coefficient of the intensity variable for services exports
is much larger within manufacturing. This quickly compensates for the absence of a
start-up effect and the negative effect of exporting services throughout in the
manufacturing sector.'® Still, goods exports seem to be associated with the largest
effects in both sectors.

Consider then the import measures. The effect of starting to import goods is
positive in the amount of 7-8 % in both sectors, while those firms that import goods
throughout also enjoy an advantage in the service sector. Importing services
throughout, on the other hand, is associated with a sizeable negative effect in the
manufacturing sector, while there seem to be no effects of starting or stopping to
import services. Similarly, the intensity variables for imports are largely insignificant.

In sum, the largest effects are associated with starting to export or import goods,
and these effects are remarkably similar across the two sectors. However, there is
also a positive, although smaller, productivity effect of starting to export services in
both sectors. Moreover, the estimated productivity effects are quite robust to the
inclusion of additional controls for changes in the composition of production
factors. Hence, the main productivity effects of international trade on the

16" As explained in the previous section, the measure of services exports is constructed as the residual
between total exports and goods exports. Since these two variables stem from two different sources, there
is a risk that some noise is introduced into the resulting measure of services exports. This is most likely to
be a problem in the presence of goods exports, i.e., in the manufacturing sector. In this case, there is a risk
of recording a small positive amount of services exports—even in the absence of any services exports.
This may introduce an attenuation bias in the coefficient of the variable indicating that a firm starts to
export services, while the effects instead will be picked up by the services-exports intensity variable,
which is more robust towards this type of noise.
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productivity of firms seem to be independent of changes in the composition of
production factors.

Bernard and Jensen (1999) have previously estimated similar models for TFP and
value added per worker on a sample of US manufacturing firms for the period
1984-1992. However, they considered only the effects of starting, stopping or
continuing to export goods within a 4-year period and found an additional annual
growth rate in VA/L of 1-2 % for firms that started to export goods, while there was
a similar negative effect both on VA/L and TFP growth for firms that stopped
exporting goods. They found no statistical differences between non-exporters and
firms that exported throughout the period, and they did not consider the effects of
services trade and/or goods imports. For comparison, using a somewhat different
specification the International Study Group on Exports and Productivity (ISGEP)
(2008) finds an average labor-productivity premium of goods exporters of 7 %
across 14 countries.'”

The vast majority of studies in the literature have been unable to include service-
trade measures (see, e.g., Mayer and Ottaviano 2007 for evidence on goods
exporting from several European countries). Using our approach, we can actually
assess whether the exclusion of services trade in the literature is likely to bias the
results, which may happen if services trade and goods trade are correlated. In
Table 9 in the “Appendix” we report results from estimating the model in Eq. (1)
without the services-trade variables included. The most pronounced difference
compared to Table 3 is that the coefficients of the goods-exports intensities become
smaller and less significant. In quantitative terms, they decrease from around
0.12-0.14 to around 0.08-0.10. In other words, leaving out the services-trade
variables weakens the observed relationship between an increase in the intensity of
goods exports and productivity growth.

To analyze the importance of exporting and importing for the growth in the size
of the firm, we estimate the following equation:

Alog(activity;) = By + B, Atype; + f,Aintensity; + yAZ; + &; (2)

where activity; is measured either by real value added or employment. We focus on
these size measures because they are relevant in the subsequent decomposition of
aggregate productivity growth. The results of estimating (2) are reported in Table 4.

Again, we start by considering the variables for goods exports. Sizeable positive
effects on both value added and employment are found for firms that start to export
goods, and negative effects of almost the same size are found for firms that stop
exporting goods. This goes for both sectors. The coefficients of the intensity
variable for goods exports are also large and significant.

There are also positive (but smaller) size effects associated with starting to export
services, but mostly in the service sector, while the negative effects of stopping to
export services pertain to both sectors. The effects of a larger services-export
intensity are unclear.

'7 ISGEP (2008) regresses log labor productivity on a goods exporter dummy, firm controls, time,
industry and firm fixed effects.
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Turning to the import measures, the effects associated with goods imports are
very similar to those associated with goods exports, with the exception that the
intensity variable is now insignificant. The effects of services imports also resemble
those of services exports. Negative effects of stopping are found in both sectors,
while positive effects from starting to import services seem to be concentrated in the
service sector.

To sum up, we find that in particular firms that start to export or import goods
enjoy increases in productivity and size. The effects are sizeable and surprisingly
similar across sectors. Starting to export services is also associated with increases in
productivity and size, but the effects are smaller, and size effects are confined to the
service sector. We also note that inclusion of firm controls in the regressions does
not alter the results in important ways, so effects of trade on, e.g., firm size and
capital intensity do not seem to play a major role for the productivity growth of
firms.

4 The contribution of trade to productivity growth

The aggregate productivity development within a sector depends on the productivity
development of individual firms as well as the reallocation of resources between
firms with different productivity levels. In this section, we therefore decompose the
development in the aggregate productivity over the period 2002-2008 for the
service and the manufacturing sector, respectively, into contributions arising from
the change in productivity within firms and contributions arising from the
reallocation of resources between firms. For this purpose, we use a recent
decomposition method developed by Melitz and Polanec (2012), which is an
extension of the method suggested by Olley and Pakes (1996). The advantage of this
method compared to other methods of decomposing productivity growth such as
Griliches and Regev (1995) and Foster et al. (2001) is that it yields unbiased
contributions of surviving, entering and exiting firms. As illustrated by Melitz and
Polanec (2012), the biases inherent in the other methods are due to ill-suited
reference productivity values for entering and exiting firms and the use of fixed
weights when dividing contributions of surviving firms between productivity
improvements and reallocations. See Melitz and Polanec (2012) for a thorough
discussion of this.

The point of departure is a productivity index at the firm level, ¢;,, which may be
an index of labor productivity (real value added per labor unit) or TFP. The
aggregate productivity at time ¢ is calculated as a weighted average of the firm-level
productivity indices, ¢;,, of the n, firms, where the weights, s;;, are the market shares
of the firms:

O, = Zsit(pit 3)
i=1

In the case where TFP is used as the productivity measure, we use the firm’s share
of total value added as a measure of its market share, and in the case where labor
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productivity is used as the productivity measure, we use the firm’s share of total
employment as its market share. The decomposition method splits the aggregate
productivity index, ®,, into the following two components:

O, =q, + Z(Siz = 5i) (@i — (f)t) = @, + cov(sir, 9;) (4)
i=1

n

where @, = ,%,Ei:l ¢,;, 1s the unweighted average of the firm productivity indices,
and cov(sir, ;) is the (estimated) covariance between the market share and the
productivity of a firm."® If bigger firms tend to be more productive, this covariance
will be positive. The change in the aggregate productivity between two periods is
then given by:

AD = Oy — O = Ap + Acov (5)

The aggregate productivity index thus increases between period 1 and period 2 if
there is an increase in the unweighted productivity average and/or if there has been
an increase in the covariance between market shares and productivities of firms.

The aggregate productivity index in period #, ®;, can also be written as a
weighted average of the aggregate productivities of different subgroups of firms. In
particular, if we distinguish between surviving, entering and exiting firms, the
average productivities in two subsequent periods can be written as:

O = 551 Qg1 + sx1Dx1 (6)

O) = 550Psp + 52 Pp2 (7)

where @g; and ss; are the aggregate productivity and aggregate market share,
respectively, of surviving firms in period ¢ (f = 1, 2). @y and sx; are the aggregate
productivity and aggregate market share, respectively, of exiting firms in period 1
(these firms exit before period 2), and ®g, and sg, are the aggregate productivity
and aggregate market share, respectively, of entering firms in period 2. The change
in aggregate productivity can then be written as:

AD = A@S + ACOVS + SEZ((I)EZ — (1)52) =+ Sx1 ((I)Sl — (DX]) (8)

The first term reflects the average increase in productivity of surviving firms (i.e.,
within-firm productivity changes). The second term reflects productivity effects of
reallocations among surviving firms. If more productive firms get a bigger market
share, or if the productivity increases more in firms with a higher market share, this
term tends to be positive. The third term is the productivity effect of entering firms.
If these firms have a higher productivity than surviving firms in period 2, this term
becomes positive. Finally, the last term is the effect of exiting firms. If these firms
are less productive than surviving firms in period 1, this term also becomes positive.

The decomposition in (8) can be applied to the private sector as a whole or to any
subsector. The change in the aggregate productivity for the private sector as a whole

'8 To be precise, cov(si, ¢,,) is n; times the estimated covariance.
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can also be decomposed into contributions from the manufacturing sector and the
service sector, respectively, as well as contributions from inter-sectoral reallocations
(see Melitz and Polanec 2012 for details). In the following, we decompose the
productivity growth in the manufacturing sector and the service sector separately
using (8), but we also compute the contributions of these two sectors to the
aggregate productivity development of the private sector as a whole.

The results of this exercise are provided in Table 5. The numbers in italics are
weighted contributions of a certain category to the aggregate productivity
development in the private sector, and in a given column these numbers add up
to the intra-sector contribution. We get the total contribution to the private sector
by adding the inter-sector contribution.

We observe that the aggregate increase in private sector TFP has been 23.7 %, and the
increase in labor productivity (value added per worker) has been 13.0 %. Only a small
part of this is due to reallocations between the service sector and the manufacturing
sector. We also observe that the increase in productivity has been much higher in the
manufacturing sector than in the service sector. Aggregate TFP in the manufacturing
sector has thus increased by 34.2 %, while it has increased by a more modest 15.5 % in
the service sector. Similarly, labor productivity has increased by 28.0 % in the
manufacturing sector, while it has increased by only 7.0 % in the service sector.

We can also see that the relative importance of within-firm productivity changes
and reallocations differ between the two sectors. The main source of productivity
increases in the manufacturing sector is thus within-firm productivity changes, while
the main source in the service sector is reallocations. Firms entering have a negative
contribution to aggregate productivity growth both in the service sector and in the
manufacturing sector, while the contribution from exiting firms is positive. These
results reflect that both new firms and exiting firms are less productive than
surviving firms. Melitz and Polanec (2012) observe similar results using a sample of
Slovenian manufacturing firms.

In order to investigate the industry differences in more detail, Table 6 presents
the results when we distinguish between 8 different manufacturing industries and 20
different service industries.'” Not surprisingly, the inter-industry effect is much
higher than the inter-sector effect from Table 5. It now accounts for close to 50 %
of the productivity growth whether measured by TFP or value added per worker.
Besides that, the within-firm productivity effect still seems to dominate within most
manufacturing industries, although a few of them have a larger contribution from
reallocations. Within the service sector, the picture is more blurred with some
industries, such as Computer and related activities, exhibiting large and dominating
within-firm productivity effects, while other industries, such as Hotels and
Restaurants, to a much larger extent rely on reallocation effects.

As a robustness check, we also estimated the decomposition from Table 5 with
2007 instead of 2008 as the final year. Results are reported in Table 10 in the
“Appendix”. Using 2007 as the last year increases both TFP and labor productivity
growth in the service sector, while it reduces both of these in the manufacturing

19" A small number of firms (<2 %) switch industry between 2002 and 2008 in our sample. We assign the
firm’s modal industry during 2002-2008 to these firms.
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sector, so 2008 appears to have been a relatively bad year for the service sector.
Still, productivity growth was higher in manufacturing, and otherwise results are
very similar to those presented in Table 5.

The question we ultimately want to answer is: how much of the productivity
change in Table 5 can potentially be attributed to exporting and importing of goods
and services? To analyze this, we use the estimated coefficients of the exporting and
importing variables reported in Tables 3 and 4 to construct “counterfactual” values
of TFP, labor productivity, employment and value added for each firm in our dataset
in the final year (2008). As a consequence, we focus only on continuing firms, i.e.,
firms present in both periods (2002 and 2008) in this analysis. The counterfactual
scenarios are then decomposed in the same way as the actual scenario from Table 5.

Some caveats apply when interpreting such calculations. First, as mentioned in
the previous section, the estimated coefficients in Tables 3 and 4 are not necessarily
representing causal effects as shocks affecting both trade and productivity may bias
the results. Second, general equilibrium effects feeding through, e.g., wages, capital
investments and education are not captured by this analysis. The results must be
interpreted as the effects of international trade for a given composition of
production factors. In addition to these effects, there may be effects due to changes
in the incentives for investment and education. However, the estimates in Table 4
show that the composition of the production factors in firms only play a minor role
in explaining productivity changes.

We first consider the manufacturing sector. The first row of Table 7 reproduces
the decomposition from Table 5 where the population of firms has been restricted to
continuing firms only. Thus, while the within-firm and reallocation effects are as in
Table 5, the total effects are slightly different, as there are no contributions from
entering and exiting firms.

The second row presents the result of a decomposition where we have neutralized
all contributions from trade to aggregate productivity growth. Hence, if a firm starts
to export goods between 2002 and 2008, we have used the coefficients of the dummy
for “start exporting goods” in Table 3 (from the regression with firm controls
included) to remove the effect of this from its growth in TFP and VA/L. We have also
removed the positive effect of starting to export goods on its size (employment and
VA) using the corresponding coefficients from Table 4. In a similar way, we
neutralize the effects of stopping to export goods or continuing to export goods using
the coefficients from Tables 3 and 4, and we also neutralize the effects of any
changes in the goods-exports intensity. Finally, we have used the same approach to
remove the effects of goods imports as well as export and import of services.

The decomposition for this counterfactual scenario is presented in the second row
of Table 7. It shows that total productivity growth in the manufacturing sector
would only have been slightly lower without the trade activities, whether measured
by TFP or VA/L. More precisely, as reported in the following row, TFP growth
would have been 0.4 percentage points lower (corresponding to 1.3 % of the actual
TFP growth), while VA/L growth would have been 1.1 percentage points lower
(corresponding to 3.9 % of actual VA/L growth). The reason is that the within-firm
productivity effects become somewhat smaller without the effects from trade, while
the reallocation effects increase by almost the same amount.
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Table 7 Decompositions of productivity growth, actual and counterfactual scenarios, 20022008

TFP Value added per worker
Within- Reallocation Total Within- Reallocation Total
firm effect effect firm effect effect
effect effect

Manufacturing sector

Actual scenario 0.182 0.146 0.328 0.240 0.035 0.275

Counterfactual scenario: All 0.158 0.166 0.324 0.216 0.048 0.264

trade effects neutralized

Changes compared to actual scenario from

Neutralizing all trade effects —0.024 0.020 —0.004 —0.024 0.013 —0.011

Neutralizing effects from 0.016 0.009 0.025 0.016 0.009 0.024
services exports

Neutralizing effects from goods  —0.036 —0.014 —-0.049 -0.036 —-0.014 —0.050
exports

Neutralizing effects from 0.002 0.019 0.021 0.002 0.013 0.015
services imports

Neutralizing effects from goods  —0.005 0.007 0.001 —0.004 0.005 0.001
imports

Service sector
Actual scenario —0.024 0.210 0.186 0.014 0.115 0.129

Counterfactual scenario: All —0.056 0.181 0.125 —-0.017 0.095 0.077
trade effects neutralized

Changes compared to actual scenario from

Neutralizing all trade effects —0.032  —0.030 —-0.062 -0.031 —0.020 —0.052

Neutralizing effects from —0.004 —0.004 —0.007 —0.004 —0.002 —0.006
services exports

Neutralizing effects from goods  —0.009 —0.007 —0.016 —0.009 —0.006 —0.015
exports

Neutralizing effects from 0.002 0.002 0.004 0.002 0.002 0.004
services imports

Neutralizing effects from goods  —0.021 —0.022 —0.044 -0.021 -0.017 —0.038
imports

The table contains the results of a decomposition of actual and counterfactual growth in productivity (TFP
and VA/L) in the Danish private sector between 2002 and 2008 using the technique from Melitz and
Polanec (2012). Counterfactual growth scenarios are constructed using the estimates from Tables 3 and 4.
Value added shares are used as weights in TFP decompositions and employment shares are used as
weights in VA/L decompositions. See the text for further details. Data source: register data provided by
Statistics Denmark (see text for more information)

To investigate the sources of these differences, the following rows of Table 7
present decompositions where we in turn have neutralized the effects of services
exports, goods exports, services imports and goods imports. As can be seen,
neutralizing the effects of goods exports have the largest negative consequences for
aggregate productivity growth: around 5 percentage points corresponding to 15 %
of actual TFP growth and 18 % of actual VA/L growth. More than two-thirds of this
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comes from changes in within-firm productivity. On the other hand, neutralizing the
effects of service trade in the manufacturing sector actually increases aggregate
productivity growth, and thus counteracts the positive effects from goods exports.
This result may possibly be explained by the existence of complementarities
between delivery of goods and accompanying (costly) producer services for services
exporters in the manufacturing sector. Finally, there are positive within-firm effects
of goods imports (consistent with, e.g., Amiti and Konings 2007), but they are
counteracted by negative reallocation effects of goods imports.

Turning to the service sector (the lower part of Table 7), the results are different.
The counterfactual scenario now results in substantially lower growth. TFP growth
thus drops by 6.2 percentage points (corresponding to 1/3 of actual TFP growth),
while growth in VA/L is reduced by 5.2 percentage points (corresponding to 40 %
of actual VA/L growth). The following rows show that the main source of this is the
imports of goods. Thus, without the positive effects of importing goods (and starting
to import goods), TFP growth would be 4.4 percentage points lower (corresponding
to more than 23 % of actual growth), and VA/L growth 3.8 % lower (corresponding
to close to 30 % of actual growth). There is also a significant contribution from the
exports of goods in the service sector, but still less than half of the effect from goods
imports. Exports and imports of services, on the other hand, do not seem to matter
much for aggregate productivity growth in the service sector.

To sum up, we find that international trade plays a potentially larger role for the
productivity development within the service sector than within the manufacturing
sector. We find that it is trade in goods not trade in services that seem to matter most
for the productivity development within this sector. In particular, we find that large
positive productivity effects are associated with goods imports, and smaller positive
effects with goods exports. The wholesale and retail industries account for 84 % of
total goods imports and 82 % of the total goods exports in the service sector, so this
suggests that these two industries have played an important role for aggregate
productivity growth in the service sector. This finding fits well with the recent
literature that investigates the importance of intermediaries in international trade
(Ahn et al. 2011; Akerman 2012; Bernard et al. 2010, 2011). These studies have
used firm-level data from different countries to provide evidence of the importance
of wholesalers and retailers in trade flows and to determine the factors that give rise
to trade by intermediaries. Our findings show that wholesalers and retailers also play
an important role for aggregate productivity development.

In line with, e.g., Bernard and Jensen (2004) and Bernard et al. (2006), we also
find a potentially important role of goods exports in the manufacturing sector,
which, however, seems to be nullified by negative effects of trade in services. Goods
imports seem to matter less in this sector.

5 Conclusion
The aim of this paper has been to provide evidence for the relationship between

exports and imports of goods and services and productivity growth for a population
of private sector firms. By using a very rich Danish dataset for the years 2002—-2008,
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we explicitly distinguish between firms in the manufacturing sector and firms in the
service sector, between goods trade and services trade, and between exporting and
importing. This makes it possible to discover some important differences between
the service sector and the manufacturing sector, and between the different types of
trading activities. Thus, we can identify trading activities and sub-sectors with
important contributions to aggregate productivity growth.

At the firm level we rely on the approach taken in the early literature on firm
heterogeneity and trade and relate within-firm changes in trade variables to changes
in productivity. This means that due to the lack of exogenous variation in service
trade, we do not estimate effects of trade on productivity in a strictly causal sense.
Instead our results should be seen as a first attempt to assess the relative importance
of goods trade and services trade for productivity growth among both manufacturing
and service sector firms. In particular, we find that firms that start to export or
import goods become both more productive and bigger. These effects are sizeable
and surprisingly similar across sectors. Starting to export services is also associated
with increases in productivity and size, but the effects are smaller, and size effects
are confined to the service sector.

To quantify how much these micro-level correlations amount to in terms of
aggregate productivity growth, we use a recently developed decomposition
technique from Melitz and Polanec (2012) to decompose aggregate productivity
growth into contributions from within-firm productivity growth and from reallo-
cations. Using our firm-level estimates, we are then able to determine how much of
the aggregate productivity growth that can be attributed to international trade. We
find that international trade is likely to play a larger role for the productivity
development within the service sector than within the manufacturing sector.
Furthermore, within the service sector, it is trade in goods (especially imports)
rather than trade in services that matters most for the productivity development.
Thus, imports of goods can explain between 23 and 30 % of the actual productivity
growth over the period 2002-2008 within the service sector.

Recently, productivity has been high on the policy agenda in a number of
European countries. One reason for this is that there has been a productivity
slowdown in Europe relative to the USA since the mid 1990s (e.g., van Ark et al.
2008). Furthermore, this productivity gap has mainly developed in the service
sector. Our results show that further international trade may play an important role
for increasing productivity in the service sector, but mainly in the part of the service
sector trading with goods. The bulk of goods trade in the service sector is accounted
for by trade intermediaries, so this suggests that wholesalers and retailers play an
important role for productivity growth in the economy.

Our results also open up a possible direction for future research. Because trade
intermediaries primarily trade in goods, it is possible to exploit exogenous variation in
goods trade to estimate causal effects on productivity for these firms. Several papers
use tariff liberalization episodes to explain firm-level trade and productivity (e.g.,
Amiti and Konings 2007; Bernard et al. 2006; Pavcnik 2002; Trefler 2004). Hummels
et al. (2014) construct a firm-product level world export supply instrument for goods
imports to estimate the effects of goods trade on wages in Danish manufacturing firms.
Similar identification strategies may be employed for trade intermediaries.

@ Springer



224

N. Malchow-Mgller et al.

Acknowledgments We would like to thank participants at ETSG Leuven 2012 for helpful suggestions
and comments. We also thank Sgren Jensen at the Danish Tax Authorities and Jane Duedal Lundsgaard at
Deloitte for clarifying the contents of the VAT register. Any remaining errors are our own responsibility.
Financial support from the Economic Policy Research Network (EPRN) is gratefully acknowledged.

Appendix

See Tables 8, 9 and 10.

Table 8 List of industries in the sample

Industries

Two-digit NACE codes

Manufacturing sector

Food, beverages and tobacco

Textiles, apparel, leather and footwear
Wood, paper, pulp and printing
Chemicals, plastic and rubber

Glass, ceramic and cement

Iron and metal

Machinery and electronics

Furniture

Service sector

Sale, maintenance, repair of motor vehicles and retail

sale of fuel
Wholesale trade except motor vehicles
Retail trade except motor vehicles
Hotels and restaurants
Land transport
Water transport
Air transport

Supporting and auxiliary transport activities

Real estate activities

Renting of machinery and equipment
Computer and related activities
Research and development

Legal, accounting, book-keeping, management
consultancy etc.

Architectural and engineering activities
Technical testing and analysis

Advertising

Labour recruitment and provision of personnel
Investigation and security activities

Industrial cleaning

Miscellaneous business activities n.e.c

15 and 16

17, 18 and 19

20, 21 and 22

23, 24 and 25

26

27 and 28

29, 30, 31, 32, 33, 34 and 35
36

50

51

52

55

60 (except 60.10, 60.21, 60.22, 60.23)
61 (except 61.10, 61.20)

62 (except 62.10, 62.20, 62.30)

63 (except 63.11, 63.12, 63.21, 63.22, 63.23,
63.30)

70 (except 70.20, 70.3210, 70.3220)
71

72

73

74.1 (except 74.15)

74.2
74.3
74.4
74.5 (except 74.5010)
74.6
74.7
74.8
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