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This paper provides new evidence on how export status relates to prices and product quality. Using firm-product-level data on production, exports and imports for a sample of Danish
manufacturing firms, we present three key correlations. First, exported varieties are on average
sold at lower prices relative to only domestically sold varieties. Second, exported varieties have
higher quality measured by “demand residuals” (i.e., they have larger sales conditional on price).
Finally, exported varieties are produced using cheaper imported intermediates. We introduce
the term “quality-cum-price sorting” to describe this sorting environment. The observed sorting
behavior in terms of output quality and import prices works not just across firms, but also within
multi-product firms across the product portfolio. In contrast, the negative exporter premium
in terms of output prices vanishes once firm-level unobservables are accounted for – consistent
with the idea that unobserved firm efficiency is driving the negative correlation.
JEL codes: F12, F14, L15.
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Introduction

Exporters are superior to non-exporters in many dimensions: they are larger, more productive,
pay higher wages, and are more likely to import. These results are by now stylized facts,
confirmed to hold both across space and time.1 Much less is however known about how output
prices, product quality, and input prices correlate with export status and export performance.
These correlations are of paramount interest to managers, because they go to the heart of a
key question: Which factors – prices, costs, and/or product quality – are most important for a
firm’s success on international markets? Revealing these factors is also highly relevant for policy
makers because they ultimately speak to the determinants of trade flows.
Manova & Zhang (2012) and Manova & Yu (2017) introduce the notion of two alternative
economic environments to describe the sorting patterns of heterogeneous firms: “quality sorting”
and “efficiency sorting”.2 A basic premise underlying these studies and related literature is
that higher quality ceteris paribus entails higher marginal costs – e.g., due to the use of more
expensive, high-quality imported inputs. Firms differ (exogenously) in production efficiency and
choose input and thus output quality endogenously. As in a standard Melitz (2003) framework,
firms with high efficiency sort into export markets. Moreover, more efficient firms use highquality inputs to produce high-quality outputs. The framework thus predicts positive exporter
premia for product quality and input prices (or, more accurately, input quality). However, since
firm efficiency and output quality have opposing implications for output prices, the sign of the
exporter premium for output prices depends on the parameters of the model.
Under quality sorting, customers’ taste for quality is so strong that more efficient firms
produce much higher quality and thus sell at higher output prices than less efficient firms (despite their efficiency advantage). Export status is thus positively correlated with output prices,
product quality, and input prices. In contrast, under efficiency sorting, either (i ) firms are heterogeneous in efficiency only (i.e., there is no quality differentiation), or (ii ) taste for quality is
weak such that more efficient firms produce only slightly higher output quality and therefore sell
at lower output prices than less efficient firms: the effect of efficiency on output prices dominates
the effect of quality choice. Export status is thus negatively correlated with output prices but
1

See Wagner (2007, 2012, 2016) for a review of the empirical evidence.

2

The aforementioned authors provide micro-evidence on firm sorting. Earlier literature studies quality vs.
efficiency sorting using aggregate price data at the country level; see e.g. Johnson (2012) and Baldwin & Harrigan
(2011).
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non-negatively correlated with input prices and product quality.3
The literature thus far concludes that quality sorting dominates efficiency sorting. In this
paper, we take a fresh look at the data to study the two sorting hypotheses. Based on detailed
firm-product level data on production, exports, and imports for a sample of Danish manufacturing firms, we consider three correlations which have been used to distinguish between the two
sorting environments. Taken together, our empirical results are neither consistent with quality
sorting nor with efficiency sorting.
First, output prices and export status are negatively correlated: on average, the prices of
exported varieties are 5-9 percent lower than prices of non-exported varieties. Second, using
the methodology in Khandelwal et al. (2013), we infer product quality as the residual of a
demand equation.4 This measure of product quality is positively correlated with export status:
on average, the quality of exported varieties is 13-24 percent above the quality on non-exported
varieties. Finally, we turn to prices of imported inputs. Interestingly, we find that exported
varieties are produced using 3-9 percent cheaper imported inputs.
For quality and imported input prices, the correlations with export status also apply across
products within multi-product firms. In contrast, for output prices the exporter premium turns
insignificant conditional on firm or firm-year fixed effects. Unobservable firm characteristics
that are common across products within a multi-product firm are therefore driving the negative
output price premium for exporters. This finding is consistent with the idea that exporters are
able to charge lower prices because they are more efficient, and that these efficiency differences
manifest themselves at the firm (rather than firm-product) level.
Taken together, the correlations of all three variables (output prices, quality estimates, and
import prices) with export status cannot be reconciled with the extremes of quality sorting or
efficiency sorting: the negative output price premium together with a positive exporter quality
premium would suggest that Danish firms sort into export markets as predicted by efficiency
sorting. However, under efficiency sorting, export status is non-negatively correlated with import
prices – this non-negative correlation is strongly rejected by our data. In sum, our findings imply
3

Our exposition follows the definitions of quality sorting and efficiency sorting put forward in Manova &
Yu (2017). Some authors discriminate between the two sorting environments by considering correlations of firmproduct-level prices and revenues. However, given that efficiency is the only exogenous source of firm heterogeneity
which determines export status and revenues, predicted correlations of an outcome variable with either export
status or revenues necessarily coincide.
4

This proxy for output quality has been used extensively in the literature, see inter alia Khandelwal (2010),
Khandelwal et al. (2013), Gervais (2015), Hottman et al. (2016), Manova & Yu (2017), Feng et al. (2017), Aw
et al. (2018) and Jäkel (2019).
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that Danish exports are associated with higher quality (broadly defined), lower output prices,
and lower import prices. We introduce the notion “quality-cum-price sorting” to describe this
new sorting environment.
The correlations of output and input prices with export status in this paper deviate from
those of previous empirical studies. In particular, the negative correlation between export status
and output prices contrasts with positive correlations found in Hallak & Sivadasan (2013), Kugler
& Verhoogen (2012) and Gervais (2015).5,6 The negative correlation between import prices and
export status contrasts with Manova & Zhang (2012), who find a positive correlation between
import prices and export success for China; see also Kugler & Verhoogen (2012) for evidence from
Colombia. Importantly, previous empirical studies are largely based on data from developing or
emerging economies7 , while we study the case of a high-income developed country.
The negative exporter premium for import prices might be the most striking result in this
paper: first, because it stands in contrast to the positive exporter premium in terms of quality
estimates, and second, because it is consistent with neither of the two sorting environments
proposed in the literature. How should we interpret this negative premium? We discuss several
factors which imply that the link between import prices and the quality of outputs may be
too weak to make the former a good proxy for the latter. That is, we should not deduct that
exporters in Denmark produce lower quality than non-exporters (in fact, the positive premium
in terms of quality estimates suggests the opposite). Are import prices, then, a good proxy for
the quality of inputs; i.e., should we conclude that exported varieties in Denmark are produced
using low-quality inputs? Without more direct measures of input quality we should be careful to
draw this conclusion: import prices reflect not only the quality of inputs but also the efficiency of
foreign suppliers. In fact, on the output side we find a negative exporter price premium together
with a positive exporter quality premium.
The remainder of the paper is structured in the following way. Section 2 discusses methodological issues in measuring product quality, introduces the Danish data, and provides descriptive
statistics. Section 3 presents results on how output prices, quality estimates, and input prices
5

Kugler & Verhoogen (2012) provide evidence of higher output prices of exporters compared to non-exporters
in Colombia; Hallak & Sivadasan (2013) use data from Chile, Colombia, India, and the United States and similarly
find a positive exporter price premium. Gervais (2015) confirms these results for the United States.
6
Li et al. (2018) find a negative exporter price premium among single-product Chinese leather shoe manufactures and show that it is driven by firms involved in processing trade. Thus, while their empirical results
corroborate our findings, the economic mechanism driving the negative correlation of output prices with export
status is likely to be different.
7

The exception is the case of the United States, cf. footnote 5.
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correlate with export status and export performance. We also discuss whether and how these
results are consistent with models of firm heterogeneity. In Section 4, we explore self-selection by
comparing exporters and non-exporters the year prior to export initiation as well as differences
across products within the product portfolio of multi-product firms. Section 5 concludes.

2

Quality and Prices: Definitions and Data

We start with a brief discussion on how to define and measure product quality. Against this
background, we describe how we measure output prices, import prices, and product quality
estimates – three commonly used proxies for output quality.

2.1

Defining and Measuring Product Quality

There is no universal definition of product quality, and the appropriate measurement will depend
on the precise definition employed. Garvin (1984), for example, distinguishes five approaches
to defining quality. Among these, the product-based approach and the user-based approach are
most widely used among economists.
According to the product-based approach, product quality depends on the “quantity of some
[desired] ingredient or attribute possessed by a product” (Garvin, 1984, p.26). Thus, quality
is inherent to the product and is therefore – in theory – objectively quantifiable. In practice,
however, a direct empirical measurement of quality is exacerbated because product attributes
are multi-dimensional, and because a product’s quality may depend on several factors (e.g.,
its performance, reliability, or aesthetics). Since the measurement and importance of these
factors vary across industries, cross-industry analyses based on direct indicators of quality are
not feasible.8
In the absence of information on product attributes, researchers have turned to output prices
and input prices as proxy variables for product quality. According to the product-based approach
to defining quality, quality is indeed positively correlated with costs and prices conditional on
production efficiency and markup (at least if the desired attributes raise the variable costs of
production). However, a positive correlation of input prices or output prices with quality is not
enough to make prices a good proxy for quality. As shown by Krasker & Pratt (1986), “ (...) the
signs of coefficients in a proxy variable regression need not coincide with the signs of coefficients
8

Crozet et al. (2012) provide an analysis using a direct measure of product quality – as opposed to proxy
variables for quality – for the French champagne industry.
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in the theoretically correct regression”. In particular, the correlation of the proxy variable (here:
output prices or import prices) with the unobservable true variable (here: product quality) often
needs to be implausibly high to ensure that the proxy variable regression is informative about
the economic relationship of interest (Krasker & Pratt, 1986, p. 15). Under efficiency sorting,
output prices may not be good proxy variables for output quality, since high-efficiency firms
charge lower prices despite producing higher quality. Moreover, even under the premise that
input prices are good proxies for input quality, the correlation between import prices and output
quality could be low because imports constitute a small fraction of total inputs for the typical
firm.
According to the user-based approach of defining quality, quality “lies in the eyes of the
beholder” and is therefore highly subjective. Thus, a product’s quality may depend on both
the inherent attributes of the product and the preferences and perceptions of the consumer.
Theoretical models where quality differences are modeled as shifts in a product’s demand curve
can be seen as being motivated by the user-based approach of defining quality. These models
suggest an alternative avenue to measuring quality, namely as the residual of a demand equation
(see Section 2.2.2 for a detailed discussion). The resulting quality estimates capture product
quality or appeal very broadly, but have a clear theoretical underpinning. The disadvantage is
that quality estimates are a residual – a measure of ignorance – which contains no information
on why a variety is valued by consumers.

2.2

Data

Our first data source is a production survey in which manufacturing firms report sales of ownproduced products measured in both physical quantities and values. The survey comprises all
firms with at least 10 employees, covering 93 percent of the Danish manufacturing turnover. In
the following, we refer to a product sold by a firm as a variety of that product. We complement
these data with information on export and import values and quantities by firm, product, and
destination. Products are defined at the eight-digit level of the Combined Nomenclature (CN)
in both the production survey and the trade statistics. Finally, information on key firm variables
such as employment is obtained from the firm accounting statistics.
The different firm registers can be linked using a unique firm identifier and the product code
(where applicable). After data cleaning, we are left with a panel of 4,175 manufacturing firms,
covering the period 2000 to 2013. The sample contains information on 4,160 different eight-digit
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product categories and a total of 18,829 varieties. All data are provided by Statistics Denmark,
unless noted otherwise. A detailed account of how we clean the data as well as how and why
the number of observations differ across variables is contained in the Online Appendix. There,
we also show that our sample replicates all of the results on positive (conditional) exporter
premia related to in the introduction: Danish exporting firms are in many ways superior to
non-exporters.

2.2.1

Output Prices and Domestic Prices

One of our main variables of interest is the (log of the) producer’s output price ln pf jt , where f
denotes firms, j denotes products, and t denotes time. Output prices are constructed as value
over quantity; i.e., unit values. Production values are exclusive of transport costs, and prices
are therefore measured in free on board terms. Since the production statistics include sales on
both domestic and export markets, ln pf jt can be thought of as a weighted average price across
a variety’s output markets.
We also combine the information on production and exports in order to retrieve the volume
and value of domestic sales, from which we can compute (log) prices on the domestic market
(denoted ln pdf jt ). Looking at domestic prices allows us to compare prices across varieties within
a market (the Danish market) and thereby abstract from pricing-to-market issues. However,
because domestic prices are calculated by combining data from different sources, domestic prices
may be subject to measurement error.9

2.2.2

Estimating Quality as a Demand Residual

We employ the demand-residual approach in Khandelwal et al. (2013) to derive measures of
product quality. Assume a representative consumer who maximizes a CES aggregate for product
j,
"Z
Cj =

(qjt (ω)λjt (ω))

σ j −1
σj

#
dω

σj
σ j −1

,

Ωjt

where Ωjt is the set of varieties of product j, σ j is the constant elasticity of substitution, qjt (ω)
is units of consumption of variety ω, and λjt (ω) is the variety’s (perceived) quality. Implied
9

Domestic prices and quantities may also be subject to measurement error in the presence of carry-along trade;
see Bernard et al. (2018) for previous empirical work, and the Online Appendix for an in-depth discussion as well
as a robustness analysis regarding this issue.
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demand takes the following form: qjt (ω) =

Ejt
−σ j λ (ω)σ j −1 ,
jt
Pjt pjt (ω)

where Ejt is expenditure on

product j and Pjt denotes the quality-adjusted price index.
Taking logs and re-arranging allow us to infer product quality estimates based on the following demand equation:
ln qfdjt + σ j ln pdf jt = δ jt + εf jt ,

(1)

where the superscript d signals that quantities and prices are measured on the domestic market,
Ejt and Pjt are subsumed into δ jt , and εf jt = (σ j − 1) ln λf jt . We take estimates of the elasticity
of substitution σ j from Broda & Weinstein (2006) to compute the left-hand side of Equation (1).
We next regress this measure on product-year fixed effects δ jt . Based on the regression residual
εf jt /(σ j − 1). Due to the
b
εf jt from this estimation, product quality can be inferred as ln λdf jt = b
presence of δ jt in Equation (1), a variety’s quality is measured relative to the average quality
across all varieties for each product and year.
The demand-residual approach to estimating product quality relies on the intuition that
for a given price higher quality products are able to capture larger market shares (consistently
with how product quality is modeled in much of the theoretical literature). One should bear
in mind that ln λdf jt captures product quality in a very broad sense, reflecting all determinants
of a variety’s domestic sales that do not pass through prices: in consequence, ln λdf jt reflects a
combination of (physical) product characteristics, other intangible product or firm attributes
(including reputation, brand loyalty, marketing efforts), as well as customer perceptions.
Since quality estimates depend on consumer perceptions, it is important to measure each
variety’s quality on the same market in order to ensure comparability.10 We therefore derive
quality estimates ln λdf jt based on data for domestic quantities and prices. Thus, ln λdf jt captures
perceived quality from the viewpoint of the Danish consumer.

2.2.3

Import Prices

Our final set of dependent variables of interest is given by import prices.
First, we construct an import price index which can be linked to individual output products
within the firm. Following Manova & Yu (2017), we assume that an imported product k is a
potential input in the production of output good j if k and j are within the same broad industry
10

See Aw et al. (2018) and Jäkel (2019) for evidence that perceived quality rankings among a set of varieties
may vary across markets.
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classification (as measured by HS three-digit categories).11 We first demean log import prices
for each eight-digit product code by the product-year-specific average to ensure comparability
across input goods. Next, we derive a firm-product-specific input price index, ln pm,HS3
, as the
f jt
value-weighted average of log prices of imported inputs from the same HS three-digit category.
Thus, inputs with larger cost shares receive more weight in the construction of ln pm,HS3
. We
f jt
employ ln pm,HS3
as a proxy for input prices for all varieties that the firm produces within the
f jt
given HS 3-digit category.
Second, we also exploit information on import prices at more disaggregated levels. At the
firm-input level, we denote ln pm
f kt as the log import price of firm f for imported input k,
where products k are now measured at the eight-digit level of the product code. ln pm
f kt does
not combine import prices of different inputs, but it still averages import prices across import
origins. Finally, we take the import origin dimension into account and denote ln pm
f kto as the log
price that firm f pays for product k imported from origin o. These last two measures of import
m
prices, ln pm
f kt and ln pf kto , can be linked to export participation at the firm level only. Moreover,

the prices of different imports receive the same weight in the empirical analysis, independent of
how important an imported product is for the firms’ overall input mix.12

2.3

Summary Statistics

Table 1 summarizes key characteristics of varieties and firms in our sample. A significant share of
varieties – 65 percent – is exported. The average exported variety is shipped to approximately
10 export destinations. Among export destinations, we distinguish between developed and
developing countries. Almost all varieties that are exported (97 percent) are shipped to at least
one developed country. In contrast, only 33 percent of exported varieties are also shipped to
developing countries. Exported varieties are on average significantly larger than non-exported
varieties in terms of both total as well as domestic sales.
Next, we turn to export behavior measured at the firm level. 68 percent of firms in our
sample export at least some of their own-produced goods. Thus, the share of exporting firms
is substantially higher than for example in the United States, but comparable to that of other
small open economies, such as Sweden; see Greenaway et al. (2005).
11
For example, “Cocoa beans” (CN eight-digit codes starting in 1801xxxx) is an ingredient in the production
of “Chocolate and other food preparations containing cocoa” (CN eight-digit codes starting in 1806xxxx).
12

Notably, we drop imported products with an import value below DKK 7,500 or a quantity of one unit or less;
see the Online Appendix for details.

9

Table 1: Summary Statistics
All Firms/Varieties

Exporters

Non-Exporters

mean

sd

N

mean

N

mean

N

Panel A: Firm-product level
Export Indicator (Variety)f jt
Number of Export Destinationsf jt
Export Indicator (Developing)f jt
Export Indicator (Developed)f jt
Sales (mio DKK)f jt
Domestic Sales (mio DKK)f jt
Export Sales (mio DKK)f jt
Importer (Firm-HS3)m,HS3
f jt

0.65
6.24
0.21
0.63
42.15
28.80
17.69
0.75

0.48
10.86
0.41
0.48
243.26
182.49
121.83
0.44

82,348
82,348
82,348
82,348
82,348
73,257
82,348
82,348

1.00
9.63
0.33
0.97
52.75
32.83
27.29
0.87

53,378
53,378
53,378
53,378
53,378
44,287
53,378
53,378

0.00
0.00
0.00
0.00
22.63
22.63
0.00
0.51

28,970
28,970
28,970
28,970
28,970
28,970
28,970
28,970

Panel B: Firm level
Export Indicator (Firm)f t
Importer (Firm)f t

0.68
0.82

0.47
0.38

25,797
25,797

1.00
0.94

17,512
17,512

0.00
0.58

8,285
8,285

Note: The table reports summary statistics for key variables at the firm-product level (Panel A) or the firm level (Panel
B). Domestic sales are set equal to missing for observations where export sales exceed total sales of own-produced goods.

Table 1 also provides information on firms’ importing behavior. First, we note that a substantial share of firms in our sample (82 percent) imports at least some inputs. However, this
share is significantly higher for exporters (94 percent) than for non-exporters (58 percent). A
similar pattern holds at the firm-product level: 75 percent of all varieties can be linked to firms’
imports within the same three-digit HS code (and, thus, we can construct the import price index
for a significant share of varieties in our sample). However, with 87 percent vs. 51
ln pm,HS3
f jt
percent, differences between exported varieties and non-exported varieties are again substantial.
These patterns imply a potential selection bias in regressions of import prices on export status,
which we address in our empirical analysis.

2.4

Correlations between Key Variables

Table 2 presents correlation coefficients between our key variables.
Recall that output prices are averaged across all markets on which a variety is sold, while we
look at domestic prices in order to abstract from pricing-to-market. We note that (i) even for
exported varieties the domestic market usually dominates overall sales, and (ii) price differences
across markets for a given variety are small relative to price differences across varieties (cf. the
Online Appendix). As a result, output prices and domestic prices are highly correlated with a
correlation coefficient equal to 0.871.
Since output prices, quality estimates, and import prices have been used as alternative proxies
for product quality, we would expect them to be highly correlated. With 0.593, the correlation
between output prices and quality estimates is indeed substantial. Thus, varieties of higher
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Table 2: Correlations between Output Prices, Quality Estimates, and Import Prices

Output Price (ln pf jt )
Domestic Price (ln pdf jt )

ln pf jt

ln pdf jt

ln λdf jt

ln pm,HS3
f jt

1.000
82,348

0.871
58,689

0.593
37,633

0.258
60,865

1.000
58,689

0.679
37,633

0.241
40,435

1.000
37,633

0.072
25,384

Quality (ln λdf jt )
Import Price Index (ln pm,HS3
)
f jt

1.000
60,865

Note: The table reports correlation coefficients between key variables and the corresponding number of observations (in italics). All variables except for ln pfm,HS3
are demeaned by their product-year-specific average. Import
jt
price indexes ln pm,HS3
are demeaned by the HS3-year-specific average.
f jt

quality (broadly defined) sell at higher prices. Output prices are also positively correlated with
import prices, suggesting that input costs are passed on to consumers. However, with 0.258
this correlation is relatively small in magnitude: in fact, there are many other factors (e.g.,
firm efficiency, prices of non-imported intermediates, markups) that co-determine firms’ output
prices.
Lastly, the correlation between quality estimates and import prices – though positive – is
strikingly low.13 Indeed, many intangible aspects of product quality (such as design, product
appeal, brand loyalty, reputation) that are important determinants of quality estimates may
not be reflected in import prices. Moreover, firms typically source the majority of their inputs
domestically (Blaum et al., 2018), see Figure 2 in Section 3.2.3. In consequence, domestically
sourced inputs may be more decisive in determining output quality.

3

Exporter Premia: Positive or Negative?

In this section, we present novel findings on exporter premia for output prices, quality estimates,
and import prices. We first discuss our empirical approach and results for output prices and
quality estimates. Though some of our empirical findings for these two variables deviate from
previous literature, they can still be rationalized within existing models of firm heterogeneity.
Next, we turn to import prices. Here, we explain why our findings cannot be reconciled with
existing models and discuss potential mechanisms driving our results.
All estimates presented in this section reflect correlations and should not be interpreted
13
Note, however, that the correlation between import prices and quality estimates can only be computed based
on a small subset of the sample.
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causally. In Section 4 we will turn to the sources of variation (within firm vs. across firm) which
are driving our export premia and present evidence of self-selection into export markets.

3.1
3.1.1

Exporter Premia for Output Prices and Quality Estimates
Empirical approach

We estimate exporter price and quality premia based on the following empirical specification:
(2)

Yf jt = α1j + α1t + β 1 Xf jt + 1f jt ,

where Yf jt =

n
o
ln pf jt , ln pdf jt , ln λdf jt and Xf jt is a measure of variety f j’s export participa-

tion.14 α1j is a product fixed effect, α1t is a year fixed effect, and 1f jt is a mean-zero disturbance.
In the pricing regressions, product fixed effects control for differences in prices across products
(e.g. pencils vs. cars) and differences in the unit of measurement of the quantities of different
products (e.g. kg versus liter).15 Quality estimates ln λdf jt are, by construction, already relative
to the mean for each product and year. We nevertheless include α1j and α1t in order to control
for differences in export participation across products and time.

3.1.2

Results for Output Prices

Table 3 shows results from the estimation of Equation (2) with output prices as dependent
variable. Column (1) defines export status at the variety level and shows that on average
exported varieties are sold at lower prices than non-exported varieties. With −7.1 percent, the
negative exporter price premium is both statistically and economically significant. This finding
stands in stark contrast to the positive exporter price premium of 5 to 13 percent found in
previous literature (Hallak & Sivadasan, 2013; Kugler & Verhoogen, 2012; Gervais, 2015).
Due to the lack of export information at the variety level, previous studies typically define
export status at the firm level.16 In column (2), the export indicator equals one for firms
exporting at least one of the varieties that they produce. Firms may vary prices across their
14

In most of our regressions, our measure of export participation is specific to the variety, and we therefore
cluster standard errors at the firm-product level. Where export participation is defined at the firm level, standard
errors are clustered accordingly.
15
We have also estimated regressions where we include product-year fixed effects α1jt . These regressions are
very demanding on identification because many product codes only have very few observations in any given year,
and the number of fixed effects relative to the number of observations is therefore high. Point estimates are very
similar to those reported in the paper, though the statistical significance is in some cases somewhat reduced.
16
Defining export status at the firm level can also be motivated by models of multi-product firms where export
decisions are correlated across varieties; see, e.g., Bernard et al. (2011).
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product portfolio, and we therefore additionally control for firm product scope and a variety’s
rank within the firm’s product portfolio in this regression. We once more find a negative exporter
price premium, which is even slightly larger in absolute size than the one in column (1).
In the following columns, we exploit further information on the extent of a variety’s export
involvement. In column (3) we relate output prices to the number of markets served (including
the domestic market) and confirm a negative relationship. In column (4), we turn to characteristics of the destination markets. In addition to variety export status, we include an indicator
variable which is equal to one for varieties that are exported to developing economies. Recall
from Table 1 that practically all exported varieties are exported to developed countries. Thus,
the coefficient on the exporter indicator can now be interpreted as the price premium for exporting to developed economies only. This price premium is still negative and significant and
even slightly larger than the one in column (1). Since Denmark is a highly developed economy,
we might have suspected that the negative exporter price premium found in previous columns is
driven by exports to low-income destinations. For example, low-price, low-quality varieties may
self-select into exports to low-income destinations. Results in column (4), instead, reveal that
the negative price premium is driven by varieties exported only to developed economies (which
could be related to the fact that these markets are particularly competitive and efficiency is thus
important for exports).
Firm size and productivity are standard controls in the analysis of exporter premia, but
our regressions thus far do not condition on these. As argued succinctly in Hallak & Sivadasan
(2013), models with a single source of firm heterogeneity (including models where efficiency is
exogenously given and firms choose quality endogenously) do – in fact – not yield any predictions
on such conditional export premia: these models predict a single threshold of firm productivity
(and, thus, firm size) above which all varieties are exported. In consequence, these models cannot
explain why exporters and non-exporters of the same size co-exist, and thus, cannot rationalize
exporter premia conditional on size. In column (5), we nevertheless analyze how the negative
exporter price premium is affected by the inclusion of firm employment and productivity.17 We
also condition on import status. Importantly, the conditional exporter price premium is still
negative and highly statistically significant, though with −4.76 percent somewhat smaller in
17

Observable productivity – e.g., labor productivity as applied here or other standard productivity measures
– is not necessarily well-aligned with the marginal production efficiency, which in turn affects prices and export
status; see Schröder & Sørensen (2012).
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Table 3: Exporter Output Price Premia
Dependent variable:

(1)
Export Indicatorf jt

ln pdf jt

Output Price ln pf jt
(2)

(3)

-0.0710***
(0.020)

Export Indicatorf t

(4)

(5)

(6)

-0.0862***
(0.020)

-0.0476**
(0.022)

-0.0686***
(0.020)

-0.0969***
(0.034)

Log Number of
Markets Servedf jt
Export Indicator,
Developing Countriesf jt
Log Rank of Productf jt

-0.0305***
(0.011)
0.0541**
(0.024)
-0.0305*
(0.016)
-0.0107
(0.022)

Log Product Scopef t
Log Employmentf t

-0.0283***
(0.009)
0.0543***
(0.020)
-0.0703**
(0.032)

Log Labor Productivityf t
Import Indicatorf t
Observations
R-squared
Year Fixed Effects
Product Fixed Effects

82,348
0.898
Yes
Yes

82,348
0.898
Yes
Yes

82,348
0.898
Yes
Yes

82,348
0.898
Yes
Yes

75,364
0.900
Yes
Yes

58,689
0.898
Yes
Yes

Note: Robust standard errors, adjusted for clustering at the variety level (columns (1) and (3) to (6)) or the firm
level (column (2)), are given in parentheses. *,**,*** denote significance at the 10%, 5%, 1% levels, respectively.

absolute size than our benchmark estimate.18
The measure of output prices that we derive from our data is constructed based on total
sales, which – for exporting firms – includes sales on foreign markets. Prices vary across countries
depending on destination characteristics ; see inter alia Bastos & Silva (2010), Martin (2012),
and Harrigan et al. (2015). Denmark is a small market with a relatively high income per
capita. Both of these market characteristics tend to be associated with higher prices on average.
Thus, if exporting firms charge lower prices to their foreign customers, pricing-to-market could
potentially explain the negative exporter price premium that we find in the Danish data. Against
this background, we estimate the exporter price premium in terms of domestic prices rather
than output prices. By definition, exported and non-exported varieties face the same market
characteristics when selling domestically. The exporter premium for domestic prices, reported in
column (6), remains negative and statistically significant. With −6.9 percent, it is remarkably
18

Export opportunities may also raise the incentives to innovate, with resulting implications for prices; see
Flach & Irlacher (2018). To shed light on this mechanism, we use information from an innovation survey, which
is available for a small subset of firms in our sample. The negative exporter price premium persists even after
controlling for firms’ innovative activities.
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Table 4: Exporter Premia for Quality Estimates
Dependent variable:

Export Indicatorf jt

Quantity ln qfdjt

Quality estimate ln λdf jt

(1)

(2)

0.9185***
(0.055)

0.2406***
(0.028)

(3)

Export Indicatorf t

(4)

(5)

(6)

0.1575***
(0.028)

0.1344***
(0.030)

0.0813*
(0.044)

Log Number of
Markets Servedf jt
Export Indicator,
Developing Countriesf jt
Log Rank of Productf jt

0.2114***
(0.013)
0.3651***
(0.034)
-0.5613***
(0.023)
0.2004***
(0.024)

Log Product Scopef t
Log Employmentf t

0.1073***
(0.012)
0.1604***
(0.030)
0.0858*
(0.046)

Log Labor Productivityf t
Import Indicatorf t
Observations
R-squared
Year Fixed Effects
Product Fixed Effects

37,625
0.720
Yes
Yes

37,625
0.021
Yes
Yes

37,625
0.094
Yes
Yes

37,625
0.037
Yes
Yes

37,625
0.028
Yes
Yes

34,404
0.041
Yes
Yes

Note: Robust standard errors, adjusted for clustering at the variety level (columns (1) to (2) and (4) to (6)) or the
firm level (column (3)), are given in parentheses. *,**,*** denote significance at the 10%, 5%, 1% levels, respectively.

similar to the estimated premium of −7.1 percent in column (1) also in quantitative terms.19

3.1.3

Results for Quality Estimates

Recall that quality estimates capture determinants of firm sales performance that do not pass
through prices. We therefore start with an analysis of export premia in terms of quantities sold
on the domestic market. Column (1) of Table 4 shows a 92 percentage quantity premium on
the domestic market for exported varieties relative to non-exported varieties. In the remainder
of the table, we ask whether this positive quantity premium is large enough to counter the
negative exporter price premium (cf. Equation (1)) and thereby leave room for a positive
quality premium.
Column (2) shows a large and significant exporter premium for quality estimates of 24
percent, revealing that exported varieties are indeed able to capture larger market shares even
after accounting for differences in prices across varieties.20 In column (3), we relate our quality
19
Price differences between exporters and non-exporters could also be due to mark-up differences. However,
mark-ups tend to be higher for exporters than non-exporters (and, thus, markup heterogeneity could only rationalize a positive exporter price premium); see De Loecker & Warzynski (2012).
20

The importance of non-price determinants of sales is also emphasized in Hottman et al. (2016), showing that
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estimates to export status defined at the firm level. The exporter premium remains positive and
statistically significant, but with 8.13 percent it is substantially smaller than the one in column
(1). This finding is a first indication of heterogeneity across varieties within multi-product firms
(see also Section 4.2).
Next, we ask whether the exporter quality premium is related to the number or types of markets served; see columns (4) and (5). The quality premium increases in the number of markets
served. Moreover, it is larger for varieties exported to developing countries. Together, these results reveal that the more difficult destinations are entered only by the highest-quality varieties.
Finally, we again estimate exporter premia conditional on firm size, productivity, and import
status; see column (6). With 13 percent, the exporter quality premium is somewhat reduced,
but remains sizeable. Interestingly, all three firm-level control variables are also associated with
higher quality estimates.
In the Online Appendix, we provide an extensive robustness analysis on the exporter quality
premium. In particular, we (i) show that carry-along trade is unlikely to be driving our results;
and (ii) confront the concern that quality estimates based on domestic sales and prices might
be misleading, especially for highly internationalized firms.

3.1.4

Discussion

While the positive exporter premium for quality estimates does not allow us to discriminate
between quality sorting and efficiency sorting, the negative exporter price premium is consistent
only with the latter sorting environment. The evidence so far thus suggests that Danish firms
sort into export markets according to efficiency sorting. This conclusion stands in stark contrast
to the overwhelming evidence for quality sorting in the literature.
Interestingly, the opposing signs of the quality and output price premia also highlight why
prices may not constitute good proxies for output quality: even though they are highly correlated
with each other (cf. Table 1), we would have drawn erroneous conclusions regarding the quality
premium based on the output price premium alone.
To further compare our results with those in the literature, we ask whether our finding of a
negative exporter price premium is driven by Denmark being specialized in the production of
products with a low extent of (vertical) product differentiation; i.e., products where we would
expect firms mainly to compete in prices but not in quality. The model in Kugler & Verhoogen
50-70 percent of the variance in firm size (sales) can be attributed to differences in firm appeal.
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(2012), for example, predicts that (i ) exporter price premia are increasing in the scope for
quality differentiation; and that (ii ) the premium should be positive only if the scope for quality
differentiation is sufficiently large. Figures 1(a) and 1(b) consider the extent to which exporter
price and quality premia vary across products according to the length of the quality ladders
in Khandelwal (2010).21 A longer quality ladder implies more scope for vertical differentiation.
As expected, the exporter price premium increases with the length of the quality ladder, but
it is negative or statistically insignificant for all lengths of the quality ladder in our sample.
The exporter quality premium increases in the quality ladder and is positive and statistically
significant for sufficiently long quality ladders.
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Finally, one may be concerned that our results differ from those in previous studies because
exporting is relatively widespread in the Danish data. In fact, for firms from a small open
economy like Denmark, exporting to one of the nearby export destinations may be required to
operate on a sufficient scale. In the Online Appendix, we show that our exporter premia are not
solely driven by exports to markets which are relatively easy to enter for Danish firms.

3.2

Exporter Premia for Import Prices

Taken together, the two exporter premia uncovered thus far are consistent only with the efficiency
sorting hypothesis. Next, we turn to import prices to shed further light on this conclusion.
21

See the Online Appendix for details and further results using alternative measures of product differentiation.
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We have also experimented with regressions where we distinguish products by the degree of technical sophistication. In particular, we would expect efficiency to be especially important for firm performance in high-technology
industries. Consistent with this intuition, the negative exporter premium for output prices is larger (in absolute
value) in industries of a high technology intensity. However, the premium is negative and statistically significant
even in low-technology industries.
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3.2.1

Empirical Approach

For the import price index, our estimation equation reads:
ln pfm,HS3
= α2j + α2t + β 2 Xf jt + 2f jt .
jt

(3)

Equation (3) links the import-price index at the three-digit level of imported inputs to export
status at the eight-digit level of products produced. Product fixed effects, α2j , control for
differences in import prices and export participation across eight-digit output categories. Recall
that the import price index is built upon weighted demeaned prices of those imported eight-digit
products k that are likely to be inputs in the production of an eight-digit product j (see Section
2.2.3). Therefore, the coefficient β 2 captures to what extent exported varieties are produced
using relatively more or less expensive imported inputs. For a firm with multiple products,
the same import price index may be assigned to multiple varieties. To circumvent this issue of
double entries of the dependent variable, we also estimate regressions of the following form:
+ HS3
= α2HS + α2t + β 2 XfHS3
ln pfm,HS3
2f t ,
t
t

(4)

where export status is now defined at the three-digit level of products produced, and product
fixed effects α2j are replaced by three-digit product fixed effects α2HS .
Next, we discuss the empirical specifications for import prices measured at more disaggregated levels. First, consider the import price by firm and imported input, ln pm
f kt . We adopt the
following empirical model:
(5)

ln pm
f kt = α3k + α3t + α3IN D + β 3 Xf t + 3f kt ,

where α3k is a fixed effect for imported product k. Product-specific import prices ln pm
f kt can
only be linked to firms but not to varieties within the firm, and Xf t is therefore a measure of
export participation at the firm level. The coefficient β 3 measures to what extent exporters and
non-exporters pay different prices for the same narrowly defined imported inputs. We now add
industry fixed effects α3IN D to the specification to control for differences across industries in
prices of imported products.23 Similarly, for the destination-specific import price we have:
(6)

ln pm
f kto = α4ok + α4ot + α4IN D + β 4 Xf t + 4f kto ,

23

For example, producers of chocolate confectionery and producers of bakery goods may be importing an
overlapping set of intermediate inputs (such as cacao). But the average price of these intermediates could vary
across the two sets of producers; e.g., if confectionery is on average produced using higher quality inputs. Industry
fixed effects will control for such differences across industries.
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where country-product fixed effects control for differences across countries in the average price
of an imported product, and country-year fixed effects account for country-specific time-varying
shocks.24 The coefficient β 4 thus identifies the exporter premium from the within-origin variation
in prices of imported inputs.
3.2.2

Results

In columns (1) to (6) of Table 5, we estimate exporter premia for import prices using the price
index ln pm,HS3
. In columns (7) and (8), we turn to import prices at more disaggregated levels.
f jt
Across all columns, export participation is consistently negatively correlated with import prices.
Column (1) is based on the specification in Equation (3), where export participation is
specific to the variety: we find that exporters pay, on average, 3.27 percent lower prices for their
imports than non-exporters. Column (2) circumvents the double-entry problem of the dependent
variable by estimating the specification in Equation (4). The sample size is now smaller, but
the estimated exporter premium even increases (in absolute size): exporters have, on average,
an 8.9 percent lower import price index than non-exporters. Moreover, the negative correlation
between export participation and import prices also persists if we define export status at the
firm level; see column (3).
In the following columns, we again consider alternative measures of export participation.
We base these regressions on Equation (4); i.e., export activities are measured by firm and HS3
category. Once more, we find that the intensive margin of exporting matters: the import price
index is negatively related to the number of markets served; see column (4).25 Interestingly,
is even lower if (also) exporting to developing countries, but the negative correlation
ln pm,HS3
ft
between import prices and export status is not purely driven by exports to these countries.
Finally, the exporter premium remains negative and statistically significant even conditional
on firm-level size and productivity; see column (6). In fact, neither of these firm-level control
variables are significantly correlated with the import price index.
As seen in Table 1, only a subset of varieties can be linked to imported intermediates.
As a result, ln pfm,HS3
is missing for a non-negligible share of varieties. From the managerial
jt
24

As noted in Table 1, exporting firms are more likely to import, and – conditional on importing – tend to import
a broader set of goods from a broader set of countries. As a result, exporting firms account for a disproportionate
share of observations in the estimation samples of Equations (5) and (6). We therefore weight observations in
these regressions such as to give all firms an equal weight.
25

A market is here defined as a combination of an eight-digit product and a destination country (including
Denmark). Firms that produce more varieties within a given three-digit code will tend to serve more markets,
and we therefore additionally control for the number of varieties within an HS3 category.
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20

58,803
0.301
Yes
Yes

-0.0327***
(0.011)

25,339
0.057
Yes
Yes

Yes

-0.0737**
(0.031)
0.0500***
(0.014)

25,339
0.054
Yes

-0.0890***
(0.023)

Yes

25,339
0.059
Yes

-0.0534***
(0.010)
0.0130
(0.018)

Yes

25,339
0.054
Yes

-0.0354*
(0.021)

-0.0726***
(0.023)

(5)

(6)

Yes

23,460
0.057
Yes

-0.0138
(0.009)
0.0174
(0.022)

-0.0927***
(0.024)

Yes
Yes

422,647
0.722
Yes

-0.0550**
(0.023)

Yes
Yes
Yes

422,647
0.740
Yes

-0.0408*
(0.021)

(8)

Yes
Yes

Yes

675,777
0.798

-0.0430**
(0.020)

(9)

ln pm
f kto

Note: Robust standard errors, adjusted for clustering at the variety level (column (1)), the firm-HS3 level (columns (2) and (4) to (6)) or the firm level (columns (3) and (7) to
(9)), are given in parentheses. Observations in columns (7) to (9) are weighted such as to give each firm an equal weight. *,**,*** denote significance at the 10%, 5%, 1% levels,
respectively.

Observations
R-squared
Year FE
(Output) Product FE
HS3 FE
(Input) Product FE
Industry FE
Source Country FE
Country-year FE
Country-product FE

Log Labor Productivityf t

Export Indicator,
Developing CountriesHS3
ft
Log Employmentf t

Log Number of VarietiesHS3
f jt

Log Number of Markets ServedHS3
f jt

Log Product Scopef t

Export Indicatorf t

Export IndicatorHS3
ft

Export Indicatorf jt

(4)

(7)

(3)

(1)

(2)

ln pm
f kt

Import Price Index ln pm,HS3
f jt

Table 5: Exporter Premia for Import Prices

viewpoint, (potential) import prices are an important determinant of the import decision and
import volumes, and the identification of β 2 in Equations (3) and (4) may therefore be subject
to a selection bias. In the Online Appendix, we implement a three-stage estimator to show that
selection bias does not explain the negative exporter premium for import prices.
We next turn to import prices at more disaggregated levels; cf. Equations (5) and (6).
Column (7) relates firm-level export status to prices of imported eight-digit products, ln pm
f kt .
Again the correlation is negative: exporters pay, on average, 5.5 percent less than non-exporters
for the same imported product. A possible explanation for the negative import price premium
is that exporting firms, due to their scale, have a larger incentive to search for better/cheaper
suppliers. One way of achieving this would be to source from import markets which are harder
to enter, but which offer lower prices.
In column (8), we ask whether such differences in the sourcing strategies of exporters and
non-exporters can rationalize our finding. In particular, we want to compare import prices
both within and across origin countries, while accounting for the fact that prices may differ
systematically across countries. We thus expand the empirical specification for input-specific
import prices in Equation (5) as follows:
(7)

ln pm
f kt = α3k + α3t + α3IN D + β 3 Xf t +

P

o γ o Mf kto

+ 3f kto ,

where Mfokto is an indicator equal to one if firm f sources input k from country o, and γ o is
the corresponding parameter. Note that import prices are not origin-specific: this allows us
to compare import prices of a given product across exporters and non-exporters even if they
source from a different set of countries. Column (8) of Table 5 shows results from the model
in Equation (7). The exporter premium is negative and statistically significant, but somewhat
lower compared to the estimate in column (7).26 Thus, differences in the set of source countries
across exporters and non-exporters can only explain part of the negative import price premium.
Finally, we turn to import prices from a given origin (ln pm
f kto ); see column (9) of Table 5.
Note that these estimates compare import prices of exporters and non-exporters within origin
countries: this comparison requires that the two types of firms actually source from the same
countries. Importantly, even within product origins the exporter premium for import prices
remains negative (though with –3.4 percent somewhat smaller than our previous estimates).
26

This finding is upheld in regressions where we condition on the entire sourcing strategy for a given product,
similar to the approach in Blaum et al. (2019).
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Hence, exporters have lower import prices not only because they source from cheaper origin
countries (cf. column (8)), but also because they source from cheaper suppliers within an origin
country.

3.2.3

Discussion

In previous literature, prices of imported inputs have been used as a proxy for output quality.
In fact, a positive exporter quality premium is often modeled as arising (in part) from the use
of more costly, high-quality inputs; see Kugler & Verhoogen (2012) and Manova & Yu (2017).
Under this premise, both quality sorting and efficiency sorting would predict a positive (or nonnegative) correlation between import prices and export status. The negative exporter premium
for import prices in Table 5 stands in stark contrast to these predictions. It also contrasts with
previous empirical results in Manova & Zhang (2012) and Kugler & Verhoogen (2012), who find
positive associations of firm size and export status with input prices for China and Colombia,
respectively. Again, the circumstance that we provide the first evidence from a developed country
stands out. In the literature, a positive correlation between export status and price of imported
intermediates is (partly) explained by the export market having more taste for (intrinsic) quality
than the domestic market. This assumption is reasonable in the context of developing countries,
but might be tenuous for a highly developed economy such as Denmark.
Are import prices a good proxy for output quality? The correlation between the variables
needs to be high in order to make the former a good proxy variable for the latter (cf. Krasker &
Pratt, 1986). Several factors suggests that this in unlikely to be the case. First, the correlation
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between import prices and quality estimates is low; cf. Table 2. Second, firms typically only
import a small fraction of their inputs – and imported inputs may thus only have small effects
on the quality of outputs.27 Figure 2 shows the distribution of the ratio of total firm imports
to total firm expenditure on intermediates: for the median firm, this ratio is a mere 17 percent.
Third, input prices depend not only on quality but also on the supplier’s efficiency. Thus, the
finding that exporters pay lower prices for their imported intermediates may be indicative of
positive assortative matching in buyer-supplier relationships: high-efficiency domestic firms may
source from high-efficiency foreign suppliers. Unfortunately, our data set does not contain buyer
information and therefore prevents us from exploring this further.
Let us briefly summarize the three correlation results obtained thus far: we find that Danish
exporters have higher quality (broadly defined using demand residuals) but charge lower prices
for their outputs and pay lower prices for their imports than non-exporters. As argued above,
the first two exporter premia are consistent with efficiency sorting but not with quality sorting.
The last exporter premium is inconsistent with both. We thus coin this new sorting environment
quality-cum-price sorting.

4

Selection into Exporting

So far, we have only presented correlations without explicitly addressing the question of selection
vs. learning. In the following, we first approach the issue by considering differences in the three
variables of interest prior to export initiation. Next, we note that models of multi-product firms
have predictions not only on sorting across firms within a given product, but also on sorting
across products within a firm. We therefore turn to an analysis of the behavior of multi-product
firms and present evidence on within-firm sorting.

4.1

Pre-Entry Differences in Exporter Characteristics

If the exporter premia uncovered in Section 3 are due to self-selection, we expect differences
to be present already prior to export initiation. Table 6 compares non-exporters that start
exporting in the following year with non-exporters that remain non-exporters in the following
year. Changes in export status are, in fact, quite rare in our sample: 93 percent of varieties that
27
Moreover, exporting firms may opt for higher quality of non-imported inputs; e.g. labor. In fact, in the Online
Appendix we show that exporters are more capital-intensive and pay higher wages, which may be indicative of
higher quality; cf Hallak & Sivadasan (2013).
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Table 6: Exporter Premia: Testing for Self-Selection

Export Indicatorf j,t+1

ln pf jt

ln λdf jt

ln pm,HS3
f jt

ln pm
f kt

ln pm
f kto

(1)

(2)

(3)

(4)

(5)

-0.0375
(0.030)

0.1491***
(0.042)

-0.1076***
(0.036)

-0.0796**
(0.034)

32,931
0.818
Yes

41,625
0.894

Export IndicatorHS3
f,t+1

-0.0701**
(0.030)

Export Indicatorf,t+1
Observations
R-squared
Year FE
(Output) Product FE
HS3 FE
(Input) Product FE
Industry FE
Country-year FE
Country-product FE

19,964
0.930
Yes
Yes

12,253
0.110
Yes
Yes

5,157
0.083
Yes
Yes

Yes
Yes

Yes
Yes
Yes

Note: The table considers pre-entry differences in variety/firm characteristics between future exporters and nonexporters. The sample in columns (1) and (2) includes all varieties that were not exported in year t. Similarly, the
sample in column (3) is restricted to Firm-HS3 combinations without exports in t, and the sample in columns (4) to
(5) to firms without exports in t. Robust standard errors, adjusted for clustering at the variety level (columns (1) and
(2)), the firm-HS3 level (column (3)) or the firm level (columns (4) and (5)), are given in parentheses. Observations in
columns (4) and (5) are weighted such as to give all firms an equal weight. *,**,*** denote significance at the 10%, 5%,
1% levels, respectively.

are exported in year t + 1 were already exported in year t. Similarly, out of those varieties that
were non-exporters in t, only 12 percent became exporters in t + 1.28 Regressions in Table 6 are
therefore based on very small samples. With this caveat in mind, we find that future exporters
are – at least in some of the dimensions – already distinct from non-exporters prior to exporting.
The pre-entry output price premium is statistically insignificant; see column (1). Column (2)
shows that exported varieties have higher quality already prior to export initiation: we find a
sizable exporter quality premium of 15 percent. In columns (3) to (5), we turn to import prices
measured at different levels of aggregation. Again, the evidence is indicative of substantial
differences in import prices between future exporters and non-exporters already prior to export
entry: estimates in column (4), for example, suggest that firms which start exporting next year
already paid 10.76 percent lower prices for their imported inputs prior to export entry. We have
also tested for post-entry differences in growth rates along the lines in Bernard & Jensen (1999).
None of these differences turn out to be significant – neither statistically nor economically.
Table 6 does not offer a direct test of causal effects from output price, quality and import
28

Note that these numbers are conditional on observing varieties in both periods. Firms continuously drop and
add products to their portfolio, and we cannot include varieties that are new in t + 1 in the sample because their
characteristics in t are unobserved.
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price to export status. However, the evidence is consistent with the hypothesis that varieties
with high quality (broadly defined) but low import prices self-select into export markets: once
more, we have quality-cum-price sorting.

4.2

Exporter Premia: Within-Firm Variation

With multi-product firms, there is potentially variation across products within firms. The
exporter premia uncovered in Section 3 may indeed be identified from variation both across and
within firms in output prices, input prices, and quality estimates. In Table 7, we explore the
within-firm variation. For each dependent variable of interest, we consider two specifications:
first, a specification with firm fixed effects; and second, a specification with firm-year fixed
effects. The former exploits variation in export status within firms across products, but also
within firms across time. The latter is more restrictive and only exploits the within-firm variation
across products in a given year. Also, note that single-product firms are dropped from the sample
if firm-year fixed effects are included.
Interestingly, the exporter premium in terms of output prices turns insignificant conditional
on firm or firm-year fixed effects; see columns (1) and (2). The negative premium in previous
regressions must thus be driven by unobserved firm-level factors which are persistent across time
and common across products within a firm. This finding contrasts with models of sorting with
multi-product firms where unobserved efficiency is typically assumed to vary across the firm’s
portfolio. Instead, it suggests that unobserved efficiency (or, more broadly, firm ‘ability’) is
firm-specific – but not firm-product-specific. Interestingly, firm ability is not captured well by
employment, labor productivity, and import status; cf. the negative exporter price premium
conditional on these firm-level controls in Table 3.
In contrast to the exporter price premium, the exporter quality premium remains positive
and statistically significant when adding firm or firm-year fixed effects; see columns (3) and (4) in
Table 7. Thus, the positive exporter quality premium reflects not only selection of high-quality
firms into export markets, but also a within-firm selection effect of high-quality varieties (conditional on the average quality offered by a multi-product firm). Together, results in the first four
columns of Table 7 reveal an important difference between prices and quality: the unobservable
characteristic underlying the negative association between output prices and export status is
firm-specific; but the factor underlying the positive association between quality estimates and
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Table 7: Exporter Premia: Within-Firm Selection?

Export Indicatorf jt

ln pm,HS3
f jt

ln λdf jt

ln pf jt
(1)

(2)

(3)

(4)

0.0043
(0.013)

0.0227
(0.016)

0.2037***
(0.022)

0.2936***
(0.029)

Export IndicatorHS3
ft
Observations
R-squared
Year FE
Product FE
HS3 FE
Firm FE
Firm-Year FE

81,906
0.963
Yes
Yes

69,197
0.959
Yes

Yes

37,010
0.520
Yes
Yes

28,128
0.535

(6)

-0.0502**
(0.020)

-0.0571*
(0.031)

24,890
0.489
Yes

13,340
0.500

Yes
Yes

Yes

Yes

Yes
Yes

(5)

Yes

Yes

Note: Robust standard errors, adjusted for clustering at the variety level (columns (1) and (3) to (6)) or the firm
level (columns (2) and (7) to (8)), are given in parentheses. Observations in columns (7) and (8) are weighted
such as to give each firm an equal weight. *,**,*** denote significance at the 10%, 5%, 1% levels, respectively.

export status is (also) firm-product-specific.29
. In
Next, we turn to import prices, where we focus on the import price index ln pm,HS3
f jt
columns (5) and (6) the negative exporter premium for the import price index remains negative
and (weakly) significant when including firm or firm-year fixed effects: we find that multiproduct firms source cheaper intermediate inputs for their exported varieties compared to their
non-exported varieties. Thus, we again find evidence on sorting within-firms across the product
portfolio.

5

Conclusion

The selection of firms and products into export markets has been an important research question
within the international trade literature of the last two decades. We provide new evidence on
the sorting pattern by showing that exported varieties within Danish manufacturing are sold at
lower prices, are of higher quality (broadly defined), and are produced using cheaper imported
inputs than non-exported varieties of the same product. Moreover, except for output prices, we
find that (i ) these differences in characteristics are present already prior to exporting and that
(ii ) selection effects operate not only across firms, but also across products within multi-product
firms.
Our findings suggest that it is premature to perceive positive correlations between export
29

Our findings have an interesting resemblance with Flach (2017), who considers the distinction between factors
that vary by firm and factors that vary by firm and market. Using Brazilian data on prices, exports, and innovation,
she finds that efficiency varies only by firm, but quality may vary not only across firms but also within a firm
across countries.
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status and output (input) prices as stylized facts of international trade. Taken together, our three
key correlations cannot be reconciled with standard models of firm heterogeneity. Moreover, they
are inconsistent with both “quality-sorting”and “efficiency-sorting”, and we therefore introduce
the notion of “quality-cum-price sorting”.
The finding that exporters pay lower prices for their imports might be the most striking
result in this paper, given that import prices often have been employed as proxies for the quality
of inputs (and outputs). Several mechanisms (such as positive assortative matching in terms of
efficiency in buyer-supplier relationships) may rationalize this finding. Unfortunately, without
detailed firm-level data on both domestic importers and their foreign suppliers, these mechanisms
cannot be formally tested. Indeed, our finding of a negative exporter price premium together
with a positive exporter quality premium shows that prices need not always be good proxies
for quality even if they are highly correlated. The reason is that prices also depend on firm
efficiency and ‘ability’ more broadly.
We hope that future research will show whether the diverging results from Denmark apply
to other (developed) countries as well. It is noteworthy that most previous studies in the
literature which have studied the link between firms’ prices, quality, and exports were based
on data from developing countries. Since domestic consumers in these developing countries
often exhibit a lower willingness to pay for quality, increasing quality will here be the decisive
factor determining success on export markets. Firms from developed countries, in contrast, will
typically have higher quality levels to start with and therefore need to ensure to be competitive
also in the price dimension. Discerning whether and how firm selection patterns into export
markets depend on country characteristics such as income levels could yield important insights
for the design of international trade policy.
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Allan Sørensen
December 2019

This Online Appendix contains supplementary information for the paper “Quality-cum-Price
Sorting” by Ina C. Jäkel and Allan Sørensen, published in The World Economy. It is organized
in two sections. Section A contains detailed information on the construction of the sample and
the cleaning of the data. Section A.1 describes data sources, Section A.2 describes data cleaning,
Section A.3 describes variation in output prices, quality estimates, and input prices, and Section
A.4 shows exporter premia in other dimensions in the Danish data. Section B reports several
robustness checks for our empirical analysis. Section B.1 redefines the domestic market, Section
B.2 explores the variation in exporter premia across products, Section B.3 considers robustness
analysis for the exporter output price premium including the issue of carry-along trade, Section
B.4 considers robustness analysis for the exporter quality premium including the issue of carryalong trade, and Section B.5 considers robustness analysis for the importer price premium.

A

Data Appendix

A.1

Data Sources

All firm- and firm-product level data is obtained from Statistics Denmark, and can be linked
via a unique firm identification number (and the product code, where applicable).
Production Statistics. Data are collected through a quarterly survey of all enterprises in
manufacturing (including mining and quarrying) with at least 10 employees. In the survey,
firms are asked to report their sales volume of own produced goods in terms of quantities and
values, and for each product they produce. Products are defined at the eight-digit level of the
Combined Nomenclature (CN). Sales of own-produced goods are reported independent of in
which market the product is sold, and therefore include both domestic and export sales. The
survey also asks firms to report their total sales of traded goods (i.e., goods that the firm sells
without producing them itself). This information allow us to infer whether a firm engages in

i

carry-along trade, but sales of traded goods cannot be disaggregated into the different CN codes.
We aggregate the quarterly information up to the yearly level.
External Trade Statistics. In the external trade statistics, firms report the quantities and
value of their exports and imports by product and destination. Products are again defined
according to the eight-digit level of the CN code, and can therefore be directly matched to the
commodity statistics. The data is derived from two different sources: Intrastat and Extrastat.
Intrastat covers trade with other EU countries and is based on data reported by Danish enterprises with total annual imports of goods and/or exports of goods over respectively, DKK 3.9
million and DKK 5.0 million in 2013. The reporting threshold is fixed each year to cover 95% of
total imports and 97% of total exports. Extrastat covers trade with non-EU member countries
and is based on data reports concerning customs and supplies collected from the Danish tax
authorities. If the value of a transaction is not over DKK 7,500 and the weight is not over 1,000
kg, these goods can be recorded under a special commodity item (other goods).

A.2

Data Cleaning

Selection of Products in the Production Statistics. We only keep manufactured goods in the
sample and drop observations with missing revenue or quantity information. Quantities are
recorded in different units (e.g. kg, pieces, liter, ...) depending on the product code. In very few
cases, quantity information for a given product code is reported in different units of measurement
(e.g. kg and pieces) by different firms. In these cases, we only keep information for the main
(most prevalent) unit of measurement. In practice, however, this only removes few observations
(around 0.1 percent of the sample). We drop observations with total sales of less than 7,500
DKK (approx. 1,000 Euros) and those with a quantity of one unit or less because prices will
likely be mis-measured in these instances.
Inferring Domestic Quantities and Prices. We combine the production statistics with the
external trade statistics in order to infer domestic sales and prices. For roughly 22 percent of
product codes (approx. 26 percent of observations), quantities are recorded in different units
of measurement in the two statistics (e.g. kg vs. pieces). Domestic sales and prices cannot
be inferred for these products, and the sample for domestic prices is therefore smaller than the
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sample for overall output prices.1
We calculate domestic sales and quantities as the difference between production and exports.
The production statistics only include a firms’ own-produced products. Firms are also asked
to report their total sales of traded goods in the production survey, but traded goods are not
further disaggregated into the different product codes. The trade data, in contrast, include
exports of both own-produced goods and traded goods as a combined figure for each firm and
product. For firms which engage in carry-along trade (Bernard et al., 2018), domestic prices
will therefore be subject to measurement error if (i) the firm sells own-produced varieties as well
as traded varieties of the same eight-digit product code, and if (ii) own-produced and traded
varieties are sold at different prices. In our robustness analysis (see, in particular, Sections B.3
and B.4 below), we carefully show that carry-along trade does not affect any of our findings.
We construct domestic prices in two alternative ways. First, we compute domestic quantities
and values by subtracting exports from the production statistics, and define the domestic price
(unit value) as domestic values over quantities. In the main text, all results for domestic prices
and quality estimates are based on this first approach of inferring domestic prices.
Domestic quantities and values (and, therefore, domestic prices) might be miscalculated if
firms are involved in carry-along trade. Our second method of inferring domestic prices and
quantities partly adjusts for carry-along trade in the form of firms importing and re-exporting
the same product. In particular, we add imports (of the same eight-digit product) to the
production statistics before subtracting exports.2 In our our robustness analysis we use this
alternative method of inferring domestic quantities and prices, see Sections B.3 and B.4 below.
As a further robustness check that carry-along trade does not drive our result, we also employ
the information on sales of traded goods reported in the production statistics; see Section B.4
for details.
Cleaning of Output Prices. In order to mitigate the influence of outliers and measurement
error, we follow previous empirical work and trim output prices and domestic prices as follows:
Since measurement error might be large at small volumes, we drop observations where the
1
Furthermore, if a firm’s exports of a product exceed the firm’s production of the same product, we set domestic
sales and prices of the variety equal to missing.
2

Even narrowly defined eight-digit products might be imported for further processing. If the resulting output
is within the same eight-digit product code, we might therefore be double-counting output if we add imports to
the firms’ own output. It is therefore not clear whether this alternative method of inferring domestic sales should
be preferred to the first method.
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quantity sold is one (e.g. 1 kg or 1 piece) or the value of the transaction is ≤7500 DKK (approx.
1,000 EUR). To avoid the influence of outliers, for each product we trim prices by 1% on both
tails of the distribution. In few cases, there are still some large outliers remaining. For each
product, we therefore drop observations where the price is more than five standard deviations
above or below the respective mean for that product.
Construction and Cleaning of Quality Estimates. We obtain estimates of the elasticity of
substitution across varieties from Broda & Weinstein (2006). Broda & Weinstein (2006) provide
information on σ j for detailed ten-digit product codes of the US HTS code. The first six digits
of this product classification are identical to the international HS code. For each six-digit HS
product code, we take the average elasticity estimates for all corresponding ten-digit HTS codes.
The resulting averages of σ j can then be linked to our eight-digit product codes. Using these
elasticity estimates, and our information on domestic quantities and prices, we infer quality
estimates as described in Section 2.2.2 in the main text.
The subset of varieties for which we can derive quality estimates is constructed as follows.
First, domestic sales and prices – and therefore quality estimates – can only be inferred for
product codes where production and exports are recorded in the same unit of measurement, see
the discussion above. Due to the presence of product-year fixed effects δ jt in Equation (1), a
variety’s quality is measured relative to the average quality across all varieties for each product
and year. Markets (product-years) with only one observation on domestic prices and quantities
are dropped from the sample because the fixed effects δ jt would predict the dependent variable
perfectly. Moreover, 16 percent of all product codes (accounting for 14 percent of observations)
cannot be matched to elasticity estimates in Broda & Weinstein (2006). Finally, to remove
outliers and unreasonable values, we again trim quality estimates by 1% on both tails of the
distribution. After all data restrictions, we obtain quality estimates for 37,633 out of 82,384
variety-year observations.
Import Prices. The external trade statistics also provide us with information on imports
by firm, product and import origin. For our first two measures of import prices, ln pm,HS3
and
f jt
ln pm
f kt , we aggregate the import information up to the firm-product level. We drop firm-productlevel observations with an import value of less than 7,500 DKK (approx. 1,000 EUR) or with an
import quantity of one unit or less from the sample. Apart from mitigating measurement error
in import prices, these data constraints also allow us to focus on products that are important
iv

Table A.1: Summary Statistics: Output Prices, Quality Estimates, and Import Prices
mean

sd

p5

p95

N

Output prices (demeaned)
ln pf jt
ln pdf jt

0.000
0.000

0.925
0.814

-1.424
-1.240

1.467
1.283

82,348
58,689

Quality estimates (demeaned)
ln λdf jt

0.000

1.193

-2.020

1.988

37,633

Import prices (demeaned)
ln pfm,HS3
jt
ln pm
f kt
ln pm
f kto

0.000
0.000
0.000

0.731
1.199
0.879

-1.150
-1.980
-1.451

1.277
2.090
1.529

60,865
599,026
712,250

Note: The table reports summary statistics for output prices, quality estimates, and import prices. All variables except
for ln pm,HS3
are demeaned by their product-year specific average. Import price indexes ln pm,HS3
are demeaned by the
f jt
f jt
HS3-year specific average.

inputs in the production of a firm’s output.
Information on import quantities and values now allows us to construct import prices ln pm
f kt .
For each product, we trim these import prices by 1% on both tails of the distribution, and drop
observations where the import price is more than five standard deviations above or below the
respective mean for that product.
Next, we aggregate firm-product level import prices up to the firm-HS3 level in order to
. For each firm, the price of product k, ln pm
construct our import price index ln pm,HS3
f kt , is
f jt
weighted by its share in total firms imports of the HS3 category.3 Since we observe some
, we drop all observations with an import price index
outliers in the distribution of ln pm,HS3
f jt
below the 1st percentile or above the 99th percentile.
Finally, we also exploit the destination-information in our import data. When computing
origin-specific import prices ln pm
f kto , we follow the same data cleaning rules as above. Thus, for
example, we now drop product-destination observations with an import value of less than 7,500
DKK (approx. 1,000 EUR) or with an import quantity of one unit or less from the sample.
For each product, we also trim import prices by 1% on both tails of the distribution, and drop
observations where the import price is more than five standard deviations above or below the
respective mean for that product.
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A.3

Variation in Output Prices, Quality Estimates, and Input Prices

Table A.1 summarizes the variation in output prices, input prices, and demand residuals. Since
prices cannot be compared across products, we demean all variables (except for the import price
index, ln pfm,HS3
) by their product-year specific average. ln pm,HS3
is similarly demeaned by its
jt
f jt
HS3-year specific average. Thus, all averages are equal to zero by construction; and the standard
deviations reflect the variation in prices across firms within a product-year.
The data reveal substantial heterogeneity in output prices, quality estimates, and import
prices across varieties. Output prices and domestic prices have a standard deviation of around
0.8 to 0.9, and the variations in these two price measures are thus of comparable magnitudes.
With a standard deviation of 1.2, there is more variation across varieties in quality estimates
than in prices. The standard deviation of import prices by firm and imported input stands at
1.2, but this variation in import prices is significantly reduced when we take a weighted average
across imported inputs within the same three-digit HS category. In fact, with 0.7 the standard
deviation of our import price index is smaller than the one for output prices.

A.4

Exporter Premia in the Danish Data

In Table A.2, we confirm that our sample replicates many of the stylized facts on exporting
firms mentioned in the introduction: first, controlling for industry affiliation, exporters are
almost twice as large as non-exporters in terms of employment. Second, conditional on industry
and firm size (employment), exporters are also more productive, larger in terms of sales, pay
higher wages, and are more capital intensive. Finally, differences in sales are also apparent at the
firm-product level: exported varieties have more than twice as high overall sales, and 64 percent
higher domestic sales than non-exported varieties, even after controlling for product and year
fixed effects. Thus, the sales differences highlighted in Table 1 persist.
3

Weights are constructed using the value of imports. Since units of measurement might differ across eight-digit
products within the same HS3 category, we cannot use quantity information as weights.
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Note: Columns (1) to (5) report regressions at the firm level. Firm size is measured in terms of employment. Productivity refers to labor productivity.
Standard errors are clustered at the firm level. Columns (6) to (7) report regressions at the firm-product level and standard errors are clustered accordingly
at the firm-product level. *** p < 0.01, ** p < 0.05, * p < 0.1

14,663
0.225
Yes
Yes
Yes

Yes
Yes

14,025
0.271
Yes
Yes
Yes

0.642***
(0.048)

Yes
Yes

14,776
0.765
Yes
Yes
Yes

0.147***
(0.042)

36,802
0.470
Yes

13,972
0.175
Yes
Yes
Yes

0.023***
(0.007)

(7)
Log domestic
sales

36,802
0.494
Yes

14,776
0.230
Yes
Yes
No

0.288***
(0.035)

(5)
Log capital
per worker

Observations
R-squared
Year Fixed Effects
Industry Fixed Effects
Firm Size Control
Product Fixed Effects

0.041***
(0.015)

(4)
Log wages

1.198***
(0.048)

0.933***
(0.044)

(3)
Log sales

(6)
Log sales

(2)
Log productivity

(1)
Log size

Exporter Indicator (Variety)

Exporter Indicator (Firm)

Dependent variable:

Firm-product-level exporter premia

Firm-level exporter premia

Table A.2: Exporter Premia in our Sample

B

Robustness Analysis

B.1

Redefining Domestic Markets

Denmark is a small open economy, with a population of 5.6 million and a GDP of 340 billion
USD in 2013.4 Moreover, Danish firms face low trade barriers with neighboring countries such
as Sweden and Norway in particular, and other EU partner countries in general. In fact, the
majority of firms (and varieties) in our sample are active on export markets. Thus, we may ask
to what extent these results are generalizable to larger economies, such as Germany or France.
While we do not have comparable micro-data at hand for other countries, we can partly
address the question by asking what happens if we apply a broader definition of the “domestic”
market for Danish firms. We propose two such alternative definitions.
First, we note that Danish firms tend to find it relatively easy to export to other Nordic
countries5 , due to low trade barriers (including language barriers, policy-driven barriers etc.)
as well as strong cultural ties. We thus redefine the domestic market to include the Nordic
countries, and only firms that export to markets outside the Nordic countries are counted as
exporters. Importantly, all results for our exporter premia in terms of output prices, quality
estimates, and import prices are confirmed with this alternative definition of exported varieties
(though premia in terms of detailed product-level import prices turn insignificant); see Table
B.1.
Second, we take a more data-driven approach, and redefine the domestic market to include
the top-5 export destinations in our sample.6 Thus, varieties that are only exported to these
highly popular markets are now redefined to be non-exporters. Results are reported in Table
B.2. With approx. 3 percent, the negative output price premium for exporters is now somewhat
lower than our benchmark estimate; but the coefficient remains negative and highly statistically
significant. Furthermore, we confirm that export status is positively associated with quality
estimates and negatively with import prices.
To conclude, this analysis suggests that our correlation results presented in the main text
4

See the World Bank’s World Development Indicators. Arguably, Denmark is a small country in terms of
population. In terms of GDP, however, Denmark ranked 34th in the world in 2013 (the last year of the sample).
5

Finland, Faroe Islands, Greenland, Iceland, Norway and Sweden.

6

Germany, Sweden, Norway, the United Kingdom, and the Netherlands (in order of importance) are the
destinations that are most popular among Danish exporters in our sample.

viii

ix

Yes
Yes
Yes

675,777
0.798

-0.0184
(0.018)

(5)

ln pm
f kto

Note: Robust standard errors, adjusted for clustering at the variety level (columns (1) and (2)), the firm-HS3 level (column (3)) or the
firm level (columns (4) and (5)), are given in parentheses. Observations in columns (4) and (5) are weighted such as to give all firms an
equal weight. *,**,*** denote significance at the 10%, 5%, 1% levels, respectively.

Yes
Yes

Yes

Yes
Yes

422,647
0.722

25,339
0.055

37,625
0.022
Yes
Yes
Yes

(4)

ln pm
f kt

Observations
R-squared
Product FE
Year FE
(Output) Product FE
HS3 FE
(Input) Product FE
Industry FE
Country-year FE
Country-product FE

-0.0965***
(0.020)

(3)

ln pm,HS3
f jt

-0.0225
(0.021)
82,348
0.898
Yes
Yes
Yes

0.2655***
(0.027)

(2)

(1)
-0.0501***
(0.019)

ln λdf jt

ln pf jt

Export Indicator Extra-Nordicf t

Export Indicator Extra-NordicHS3
ft

Export Indicator Extra-Nordicf jt

Dependent variable:

Table B.1: Exporter Premia: Beyond the Nordic Countries

x

Yes
Yes

Yes
Yes
Yes

675,777
0.798

-0.0320*
(0.018)

(5)

ln pm
f kto

Note: Robust standard errors, adjusted for clustering at the variety level (columns (1) and (2)), the firm-HS3 level (column (3)) or the
firm level (columns (4) and (5)), are given in parentheses. Observations in columns (4) and (5) are weighted such as to give all firms an
equal weight. *,**,*** denote significance at the 10%, 5%, 1% levels, respectively.

Yes

25,339
0.055
Yes

422,647
0.722
Yes

37,625
0.026
Yes
Yes

(4)

ln pm
f kt

Observations
R-squared
Year FE
(Output) Product FE
HS3 FE
(Input) Product FE
Industry FE
Country-year FE
Country-product FE

-0.1032***
(0.020)

(3)

ln pm,HS3
f jt

-0.0391*
(0.021)
82,348
0.898
Yes
Yes

0.3212***
(0.026)

(2)

(1)
-0.0369**
(0.019)

ln λdf jt

ln pf jt

Export Indicator Extra-Top5f t

Export Indicator Extra-Top5HS3
ft

Export Indicator Extra-Top5f jt

Dependent variable:

Table B.2: Exporter Premia: Beyond the Top-5 Export Destinations
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Figure B.1: Exporter premia and quality ladders

−2

0

2
Quality ladder (Khandelwal)

Exporter price premium
95% confidence interval

4

Predicted product effects

(a) Output Prices

6

−2

0

2
Quality ladder (Khandelwal)

Exporter quality premium
95% confidence interval

4

6

Predicted product effects

(b) Quality Estimates

−2

0

2
Quality ladder (Khandelwal)

Exporter premium: import price index
95% confidence interval

4

6

Predicted product effects

(c) Import Price Index

are not purely driven by exports to markets that are easy to enter for Danish exporters. In
that sense, our findings may well have implications beyond the small-open-economy context of
Denmark.

B.2

Variation in Exporter Premia Across Products

Do exporter premia vary across products according to the extent of product differentiation?
Answering this question is important because the finding of a negative exporter price premium
would not be surprising if Denmark was specialized in the production of products with a low
extent of (vertical) product differentiation; i.e., products where we would expect firms to mainly
compete in prices but not in quality. The model in Kugler & Verhoogen (2012), for example,
predicts that (i ) exporter premia are increasing in the scope for quality differentiation; and that
(ii ) the premium should be positive if the scope for quality differentiation is sufficiently large.
We exploit two measures of product differentiation commonly considered in the literature.
First, we consider the quality ladders of Khandelwal (2010), where a “longer” ladder implies
a higher potential for quality differentiation. Second, we employ estimates of the elasticity
of substitution in Broda & Weinstein (2006). Notably, the latter is more closely related to
horizontal rather than vertical product differentiation. We proceed by interaction a variety’s
export status with each measure of product differentiation in the estimations of the output price,
quality estimate, and import price index premia. Results are graphically summarized in Figures
B.1 and B.2.
Figure B.1 shows that the exporter premium all three dependent variables of interest – output prices, quality estimates, and the import price index – is an increasing function of the extent
of vertical differentiation. For example, the negative import price and output price premia are
largest for products with short quality ladders, but turn insignificant for products with long
xi
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Figure B.2: Exporter premia and elasticity of substitution
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quality ladders. Thus, for products with a high extent of vertical differentiation, we find no
differences in output and import prices between exported and non-exported varieties. A similar
pattern holds for quality estimates: here, as expected, the premium is highest where vertical differentiation is substantial, and turns insignificant for products with little differentiation.
Importantly, however, the predicted premia never change sign; e.g., we do not find a positive
exporter price premium for products with a long quality ladder.
A similar pattern is shown in Figure B.2: again, exporter premia for import prices and
output prices are largest (in absolute value) where product differentiation is low (as captured by
a high elasticity of substitution). Similarly, the exporter quality premium is largest for products
with a low elasticity of substitution. While the exporter quality premium even turns negative
and significant for products which are sufficiently homogenous, these products only account for
2 percent of observations in our sample. Thus, the conclusion that none of the premia switch
sign is broadly confirmed when product differentiation is measured based on Broda & Weinstein
(2006).7

B.3

Robustness Analysis for the Exporter Price Premium

When estimating the exporter price premium in Table 3, we employ output prices derived from
information on total sales as dependent variable in most specifications. For exporters these output prices are a weighted average of prices on domestic and foreign markets. The corresponding
exporter price premia might thus be confounded by pricing-to-market. To mitigate such concerns, we turn to domestic prices (see column (6) of Table 3), but to economize on space we
7

We have also considered the distinction between homogenous and differentiated products based on the classification provided in Rauch (1999). However, we only found negligible differences in exporter premia between
these two product groups.
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only report results for one specific measure of export involvement in the main text.
In this section, we provide further robustness evidence on the exporter price premium, using
domestic prices. As a first pass at the issue of pricing-to-market, we ask how important pricingto-market is for overall price differences across exported and non-exported varieties. For each
product, we decompose the average output price difference between exported and non-exported
varieties into (i ) the average price difference between exported and non-exported varieties on
the domestic market (Component 1) and (ii ) the average price difference between output prices
and domestic prices for exported varieties (Component 2). More formally, we have
(B.1)
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where Xj denotes the set of exported varieties of product j, Dj denotes the set of non-exported
varieties, NjX denotes the number of exported varieties, and NjD denotes the number of nonexported varieties. To ease interpretation, we divide both sides of the equation by the term on
the left-hand side, such that the two components of the price difference sum to one.
We compute these scaled versions of Component 1 and Component 2 for all products in
our sample, and plot the distributions of the two components across products in Figure B.3.
If price differences were mainly driven by pricing-to-market (i.e., firms charging different prices
on international and domestic markets), we would expect Component 2 to dominate. However,
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we find that Component 2 is tightly centered around zero, implying that it contributes little
to observed price differences between exported and non-exported varieties. Component 1, on
the other hand, is close to one for a large share of products in the sample. In sum, price
differences across exported and non-exported varieties are mainly driven by differences across
varieties rather than within-variety price differences across markets.8
Next, we show that results for the exporter price premium in terms of domestic prices are
remarkably similar to those for overall prices also when using alternative measures of export
involvement; see Table B.3. For example, when using export status defined at the firm level
as dependent variable, the exporter price discount in terms of domestic prices stands at 10.22
percent (compared to an exporter discount of 9.69 percent in terms of total output prices, cf.
Table 3). Moreover, these two estimates differ by less than one standard deviation, and any
differences in estimates are therefore statistically insignificant.
Recall from our previous discussion that inferring domestic prices might be subject to measurement error if firms engage in carry-along trade. In Table B.4 we report several robustness
checks to confirm that such carry-along trade is unlikely to be driving our finding of a negative
exporter price for domestic prices. To ease comparability with previous estimates, we reproduce the exporter premium for output prices and domestic prices in columns (1) and (2) of the
table (cf. column (1) of Table 3 in the main text and column (1) of Table B.3 in this Online
Appendix).
Column (3) of Table B.4 shows that a negative exporter price premium is also found when
we use our alternative approach of inferring domestic prices (see Section A.2 above). Here, the
negative premium in fact increases in absolute magnitude.9 In columns (4) and (5) of Table B.4,
we exclude firms that are heavily involved in carry-along trade from the sample. In particular,
we employ information on the share of sales of traded goods in overall firm sales available from
the production statistics. Any measurement error in domestic prices due to carry-along trade
8

This finding is in line with a different type of decomposition put forward by Harrigan et al. (2015), who
decompose the average price difference across export markets into a price discrimination effect (capturing withinfirm price differences across markets), a market share effect (capturing differences in export sales across firms and
markets), and an interaction effect. They show that the price discrimination effect contributes little to average
price difference across markets.
9
Mechanically, the reason for this finding is that (i) import prices for the same product code tend to be
significantly lower than output prices or export prices, and (ii) firms that export are also more likely to import.
The first point implies that inferred domestic prices will tend to be lower when imports are added to a firm’s own
production output. The second point implies this downward adjustment in inferred domestic prices is larger for
exported varieties.
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Table B.3: Exporter output price premia: domestic prices
Dependent variable:

ln pdf jt
(1)

Export Indicatorf jt

(2)

(3)

-0.0686***
(0.020)

Export Indicatorf t

(4)

(5)

(6)

-0.0817***
(0.020)

-0.0686***
(0.020)

-0.0645***
(0.021)

-0.1022***
(0.034)

Log Number of Markets Servedf jt

-0.0047
(0.010)

Exported Indicator,
Developing Countriesf jt
Log Rank of Productf jt

0.0587**
(0.024)
-0.0288*
(0.016)
0.0253
(0.020)

Log Product Scopef t
Log Employmentf t

-0.0029
(0.009)
-0.0281
(0.021)
-0.0705**
(0.033)

Log Labor Productivityf t
Import Indicatorf t
Observations
R-squared
Product Fixed Effects
Year Fixed Effects

58,689
0.898
Yes
Yes

58,689
0.899
Yes
Yes

58,689
0.898
Yes
Yes

58,689
0.899
Yes
Yes

58,689
0.898
Yes
Yes

53,921
0.901
Yes
Yes

Note: Robust standard errors, adjusted for clustering at the variety level (columns (1) and (3) to (6)) or the firm level
(column (2)), are given in parentheses. *,**,*** denote significance at the 10%, 5%, 1% levels, respectively.

will only be relevant for firms with a large share of traded goods in overall sales. In column (4),
we drop firms for which this share is larger than 10%. In column (5), we further restrict the
sample to firms with a share of traded goods in overall sales of less than 5%. As can be seen, the
estimated exporter premia for domestic prices are strikingly similar to the estimate in column
(2).

B.4

Robustness Analysis for the Exporter Quality Premium

In the previous section, we conclude that carry-along trade is unlikely to be the driver of our
finding of a negative exporter price premium in terms of domestic prices. We might still be
concerned that the exporter quality premium estimated in Table 4 in the main text might be
biased due to carry-along trade. Recall that we estimate quality based on domestic sales and
prices, and that both may suffer from measurement error. In particular, export statistics include
sales of both own-produced goods and traded goods, while the production statistics only include
the former. As a result, we may understate actual domestic sales of exported varieties when
calculating domestic sales as the difference between production and exports. This measurement
xv

Table B.4: Exporter output price premia: further robustness checks
ln pf jt

ln pdf jt

ln pdf jt (alternative)

ln pdf jt
(Traded
share<10%)

ln pdf jt
(Traded
share<5%)

(1)

(2)

(3)

(4)

(5)

Export Indicatorf jt

-0.0710***
(0.020)

-0.0686***
(0.020)

-0.1204***
(0.019)

-0.0625***
(0.023)

-0.0646***
(0.024)

Observations
R-squared
Product Fixed Effects
Year Fixed Effects

82,348
0.898
Yes
Yes

58,689
0.898
Yes
Yes

61,737
0.903
Yes
Yes

44,787
0.901
Yes
Yes

39,638
0.897
Yes
Yes

Dependent variable:

Note: Robust standard errors, adjusted for clustering at the variety level (columns (1) and (3) to (5)) or the firm level
(column (2)), are given in parentheses. *,**,*** denote significance at the 10%, 5%, 1% levels, respectively.

error implies that the exporter quality premia that we estimate in Table 4 are likely biased
towards zero. For inferred domestic prices, on the other hand, the direction of measurement
error is not clear, and it depends on whether own-produced goods are sold at systematically
lower or higher prices than traded goods.
Table B.5 reports results from our robustness analysis for the exporter quality premium. In
columns (1) and (2), we provide results where we employ our alternative method of inferring
domestic sales and prices (and, therefore, quality) which takes into account imports of goods
within the same narrowly defined eight-digit product code. The estimated exporter premia
in terms of domestic sales and quality are remarkably similar to those reported in Table 4 in
the main text. For example, we now find a quality premium of 19.44 percent, compared to a
premium of 24.06 percent reported in Table 4. These estimates differ by less than two standard
errors.
In columns (3) and (4) of Table B.5, we return to our benchmark method of inferring domestic
sales and prices, and again exploit the information from the production statistics on the total sale
of traded goods by firm. The measurement error in domestic quantities and prices will be more
substantial for firms with a large share of traded goods in overall sales, and we therefore drop
these firms from the sample. Our estimated quality premia remain comparable in magnitude to
previous estimates.
Next, we turn to the concern that quality estimates based on domestic sales and prices might
be misleading, especially for highly internationalized firms. For example, highly internationalized firms might prioritize sales effort in export destinations (at the expense of sales effort in
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xvii
40,382
0.020
Yes
Yes

29,087
0.060
Yes
Yes

0.2420***
(0.032)

(3)

Traded
share<10%

25,790
0.075
Yes
Yes

0.2096***
(0.034)

(4)

Traded
share<5%

29,815
0.062
Yes
Yes

0.3492***
(0.029)

(5)

Export
share<50%

44,152
0.025
Yes
Yes

0.1774***
(0.019)

(6)

Quality with
σ=5

37,245
0.023
Yes
Yes

0.2486***
(0.028)

(7)

Age-adj.
Quality

Note: Robust standard errors, adjusted for clustering at the variety level are given in parentheses. *,**,*** denote significance at the 10%, 5%, 1% levels,
respectively.

40,382
0.714
Yes
Yes

Observations
R-squared
Product Fixed Effects
Year Fixed Effects

0.1944***
(0.026)

(2)

(1)
1.0546***
(0.053)

ln λf jt
(alternative)

ln qfdjt (alternative)

Export Indicatorf jt

Dependent variable:

Table B.5: Exporter quality premia: robustness checks

the domestic market) and target product design towards local taste in the export market(s).
Moreover, if firms face increasing marginal costs or capacity constraints, firms face a trade off
between expanding domestically and expanding internationally, and domestic sales and export
sales are negatively correlated. These arguments imply that product quality for highly internationalized firms is likely underestimated when based on domestic markets. In consequence, the
exporter quality premia reported in the main text may be a lower bound for the true exporter
quality premium.
To address these issues, we next limit our sample to varieties where the domestic market
is important for overall sales. In particular, column (5) of Table B.5 shows that the exporter
quality premium increases to 34.92 percentage points if varieties with a share of exports in total
revenue of more than 50 percent are dropped from the sample. This finding confirms that quality
premia are larger if we focus on those varieties where firms choose quality based on domestic
tastes.
In column (6), we follow Manova & Yu (2017) and infer quality estimates based on Equation
(1), but setting the elasticity of substitution equal to 5 (the median elasticity of substitution
across all goods). Results for the exporter quality premium when quality is inferred using this
alternative method are reported in column (5) of Table B.5. The exporter quality premium that
we find is slightly smaller in size than our benchmark estimate, but with 17.74 percent both
statistically and economically significant.
Finally, we ask whether our positive quality premia might partly reflect the fact that exporters tend to be older, more established firms, which have had more time to build up a
customer base and/or consumer brand loyalty. To account for such effects, we add firm age as
an explanatory variable to Equation (1), and infer quality conditional on age. The exporter
premium for this ‘age-adjusted’ quality measure remains positive, significant, and with 24.86
percent remarkably similar in size to our benchmark estimate of 24.06 percent.

B.5
B.5.1

Robustness Analysis for the Import Price Premium
Controlling for Selection into Importing

As argued in the main text, only a subset of varieties can be linked to imported intermediates.
Since (potential) import prices are an important determinant of the import decision and import
volumes, the identification of the importer price discount in Equation (3) may be subject to a
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selection bias.
We follow Harrigan et al. (2015) and apply a three-stage estimator to correct for selection
into importing. The first stage is a probit model for whether variety f j can be linked to imported
intermediates within its three-digit HS category,
(B.2)

P r(yfm,HS3
= 1) = Φ(γ HS3 + γ t + θXf jt + µf jt ),
jt

where yfm,HS3
is an indicator which is equal to one if firm f imports inputs within a given HS3
jt
category for use in the production of product j, and zero otherwise. The second stage consists
of the import volume equation, where selection into importing is controlled for by including the
inverse Mills ratio from the first stage, denoted b
η m,HS3
:
f jt
(B.3)

ln valuem,HS3
= κHS3 + κt + ηXf jt + νb
η m,HS3
+ εf jt .
f jt
f jt

Finally, in the third stage, the residuals b
εf jt from the second stage are plugged into the import
price index equation to control for selection into importing. The latter is given by:
(B.4)

= α2HS + α2t + β 2 Xf jt + 2f jt ,
ln pfm,HS3
jt

Compared with Equation (3) in the main text, we have replaced product fixed effects with HS3
fixed effects. The reason for this change is that the probit model in (B.2) might otherwise suffer
from an incidental parameters problem.
An important feature of this three-stage estimator is that it does not require any exclusion
restrictions; i.e., we can include the same set of explanatory variables in the selection equation
(B.2), import value equation (B.3), and the import price index equation (B.4). The reason is
that import volumes ln valuem,HS3
take the role of excluded variable in the import price index
f jt
equation; see Harrigan et al. (2015) for a discussion.
If the error terms in (B.3) and (B.4) are correlated, estimates of β 2 from Equation (B.4) suffer
from selection bias. Such a correlation could, for example, be due to demand shocks: A positive
demand shock will affect the probability of importing and import volumes, but at the same time
also affect the price which firms are willing to pay for their imported intermediates. Importantly,
such shocks affect selection of exporters and non-exporters differentially: Non-exporters, who in
general are less likely to import, will only be in the selected sample of Equation (B.4) if εf jt is
sufficiently high. Exporters, on the other hand, might be in the sample even if εf jt is low. Thus,
Xf jt is negatively correlated with εf jt in the selected sample for which we observe the import
xix

Table B.6: Exporter Premia for Import Prices: Controlling for Selection
Dependent variable:

Export Indicatorf jt

ln pm,HS3
f jt
(1)

(2)

-0.0396***
(0.011)

-0.0461***
(0.010)
-0.0574***
(0.002)

Heckman Selection Controlf jt
Export IndicatorHS3
ft

(3)

(4)

-0.0890***
(0.023)

-0.1083***
(0.022)
-0.0651***
(0.004)

25,339
0.054
Yes
Yes
Yes

25,339
0.083
Yes
Yes
Yes

Heckman Selection ControlHS3
ft
Observations
R-squared
HS3 FE
Year FE
Industry FE

58,980
0.122
Yes
Yes
Yes

58,980
0.151
Yes
Yes
Yes

Note: Robust standard errors, adjusted for clustering at the variety level (columns (1) and (2)) or the firm-HS3 level
(columns (3) and (4)), are given in parentheses. *,**,*** denote significance at the 10%, 5%, 1% levels, respectively.

b depends on the sign of the correlation
price index. The resulting direction of the bias in β
2
between εf jt and f jt : if the unobservable factors affecting import values in εf jt are positively
b will be negatively (positively) biased.
(negatively) correlated with import prices, β
Results are given in Table B.6. For comparison, we first report our benchmark specification
from the main text where product-fixed effects are replaced with three-digit-product fixed effects;
see column (1). Importantly, the point estimate remains statistically significant and comparable
in size to the one reported in column (1) of Table 5 in the main text. Next, we turn to results
from the third stage of our selection estimator, where selection is controlled for by including
the residual (b
εf jt ) from the second stage for import volumes; see Equation B.3. The coefficient
on this term is negative and statistically significant, suggesting that unobserved factors that
have a positive effect on the amount of imports are negatively correlated with import prices.
However, even though selection into importing is important, correcting for selection leads to a
somewhat larger effect (in absolute value) of export status on the import price index, though
these differences are not significantly different. This finding resonates with the analysis of
Harrigan et al. (2015), who similarly find that accounting for selection into exporting does not
affect their analysis of export pricing patterns.
In columns (3) and (4) we replicate the selection analysis, but now focusing on the set-up of
Equation (4) in the main text. Again, we find that failing to account for selection into importing
leads us to understate the negative import price premium of exporters. Thus, our finding on a
negative premium is not purely driven by selection into importing.
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Table B.7: Exporter input price premia: robustness checks
Dependent variable:

ln pm,HS3
f jt
(1)

Export Indicatorf jt

(2)

(3)

(5)

(6)

-0.0623***
(0.023)

-0.0794***
(0.024)

-0.0197
(0.021)
-0.0506***
(0.011)

-0.0560***
(0.012)

-0.0222**
(0.011)

Export IndicatorHS3
ft

-0.0708***
(0.023)

Export Indicatorf t
Log Number of
Markets ServedHS3
f jt
Log Number of
VarietiesHS3
f jt
Export Indicator,
Developing CountriesHS3
ft
Log Number of
Imported ProductsHS3
ft
Log Product Scopef t

(4)

-0.0604*
(0.031)
-0.0488***
(0.010)
0.0274
(0.018)

-0.0298***
(0.006)

-0.0523***
(0.011)

-0.0730***
(0.012)
0.0607***
(0.014)

-0.0379***
(0.012)

Log Employmentf t

-0.0010
(0.009)
0.0176
(0.022)

Log Labor Productivityf t
Observations
R-squared
Product FE
Year FE
HS3 FE

58,803
0.301
Yes
Yes

25,339
0.057

25,339
0.062

25,339
0.060

25,339
0.057

23,460
0.060

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Note: Robust standard errors, adjusted for clustering at the variety level, are given in parentheses. *,**,*** denote significance at the 10%, 5%, 1% levels, respectively.

B.5.2

Controlling for Importer Scope

Recall that the import price index is measured by taking the weighted average across import
prices within the same HS3-digit category. One important caveat is that this price index might
depend on the number of imported inputs, e.g. if the complexity or quality of internationally
sourced intermediates varies systematically from the first to the last outsourced input. We verify
that such patterns are not driving our results by estimating specifications where we additionally
control for the number of internationally sourced inputs; see Table B.7.
Results show that import prices tend to be significantly lower at firms that import more
products within the same HS3-category. Several factors could explain this finding. For example,
firms which import more intermediates might have more bargaining power with their suppliers,
or might have larger incentives to search for cheaper suppliers. For our purpose, the most
important insight from Table B.7 is, however, that controlling for import scope does not affect
our finding of a negative exporter input price premium.
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