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Abstract
This paper studies the effect of increased competition from imports on the pro-
ductivity of firms. It proposes an empirical model that estimates productivity from 
sales revenue. The model addresses concerns associated with unobserved prices 
and demand conditions in revenue productivity. Unlike De Loecker (Economet-
rica 79(5):1407–1451, 2011), the model builds on recent evidence on the effect of 
exporting on firm-level prices by distinguishing between the export and domestic 
demand markets and integrating both in the supply function of firms. It applies this 
framework to study the effect that tariffs reduction on EU imports had on the effi-
ciency of manufacturing firms in Hungary during the period 1996–2003, and finds 
that a 10-percentage point reduction in import tariffs on similar products manufac-
tured by a firm raises the firm’s productivity by 1.40%. This is in contrast to 2.35% 
when revenue productivity is used. The proposed model provides a simple frame-
work that improves productivity estimates from sales data.
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1 Introduction

How do manufacturing firms react when faced with increased competition from 
imports? Do they tend to eliminate inefficiencies in order to be competitive when 
faced with such competition? While most existing papers focus on the effects of 
exporting or imported intermediate inputs on firm-level outcomes,1 only very few 
papers have studied the effect of increased competition from imports. An example 
is De Loecker (2011), which studied the effect of import competition, arising from 
import quota reduction, on efficiency of Belgian textile manufacturers. However, it 
is not clear whether import competition arising from tariffs reduction will be similar 
to that arising from quota reduction, as tariffs reduction reduces trade costs which 
may have a direct impact on market prices. Additionally, it is also not clear whether 
the effect of import competition on firms in a developed country (i.e. Belgium) will 
be the same as the case of an emerging economy.

Another issue with most existing studies is with the method productivity is esti-
mated from sales revenue data. Most papers2 typically rely on productivity estimates 
from a revenue production function as sales quantity is unobserved. In these stud-
ies, firm-level prices are unobserved, so firm-level sales revenue is deflated using 
an industry price index and used as the dependent variable in the productivity esti-
mation. This leads to estimates of efficiency with two shortcomings (Levinsohn & 
Melitz, 2002; De Loecker, 2011). First, the coefficients of the inputs may be biased 
if the price error defined as the difference between a firm’s price and the industry’s 
price index is correlated with any production input. This price error is expected to be 
larger in industries with larger scope of product differentiation. Second, even if this 
bias is absent, the productivity estimates will reflect true efficiency and components 
of unobserved prices and demand conditions which may bias the true productivity.

In this paper, we offer two contributions to the literature. First, we study the 
impact of the gradual reduction in import tariffs charged on EU imports on man-
ufacturing firm’s efficiency in Hungary during the period (1996–2003) leading to 
Hungary’s accession into the EU. Second, we propose an empirical model that offers 
less noisy estimates of productivity from revenue data, thus improving on the draw-
backs from revenue productivity already mentioned above.

The proposed model nests De  Loecker (2011) empirical model3 and revenue 
productivity model, and we show that each of these models is a special case of 
our framework under certain conditions, thus offering a more general empirical 
model for estimating physical productivity from revenue data. The key difference 
between our model and De  Loecker (2011) is that we extend their framework by 
integrating both the domestic and foreign markets demand conditions (i.e. foreign 

1 For example, see Fernandes (2007), Topalova and Khandelwal (2011), Trefler (2004), Garcia-Marin 
and Voigtländer (2019), Atkin et al. (2017) etc. for the effect of exporting on productivity, and Halpern 
et al. (2015), Goldberg et al. (2010) etc. for the effect of intermediate inputs on productivity.
2 Fernandes (2007), Topalova and Khandelwal (2011), Trefler (2004) etc.
3 As will be discussed in details later, De Loecker (2011) proposed an empirical model which integrates 
demand address to a firm with the firm’s production function, we show that their framework may not be 
appropriate if firms are exporters.
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and domestic demand shocks) to the supply function of the firm, while De Loecker 
(2011) makes no distinction between foreign and domestic demand shock. This is 
particularly important given the recent empirical evidence on the strong relation-
ship between exporting and firm-level prices (Garcia-Marin and Voigtländer, 2019). 
Infact, we show that neglecting the export markets may bias productivity estimates 
for exporters.4

Our paper offers better identification of the effects of import competition on pro-
ductivity. Unlike other similar studies that identify tariffs at the industry level and 
argues for exogeneity of tariffs, we identify import tariffs at the firm-product level. 
In reality, it is difficult to argue that average industry level tariffs negotiations are 
exogenous (i.e. not influenced by industrial policies, or lobbying by organized sec-
tors etc.), so we leverage on our approach by constructing firm-level exposure to 
tariffs on imports from the EU and control for time-varying industry effects. This 
is necessary in our setting for two reasons. First, since export and import tariffs are 
likely correlated at the industry-level (Trefler, 2004), the industry-year fixed effects, 
controls for the industry-level export and import tariffs at the 2-digit level. Second, 
it is possible that some industries received subsidies during this period or were 
protected due to political lobbying or other unobserved considerations. Thus, our 
approach enables us control for unobserved time-varying industry effects which may 
bias our results.

By applying our empirical model, we recover the productivity estimates which 
we call quality-adjusted productivity (QA productivity).5 For comparison, we also 
recover revenue productivity and productivity from De Loecker (2011) model. Our 
findings imply that a 10 percentage point reduction in import tariffs6 increase QA 
productivity by 1.40%. We show that De Loecker (2011) model offers a more precise 
estimate of the effect of import competition on productivity than revenue productiv-
ity; however, both models overstate this effect when compared to our framework.

Our empirical model consists of conventional variables (labour, capital, mate-
rial inputs) and a proxy for unobserved firm-level prices—domestic market share in 
its industry. We verify that our price proxy replicates similar pattern in studies that 
observe firm-level prices. In the spirit of Foster et al. (2008), we examine the cor-
relation between our price proxy, revenue productivity and quality-adjusted produc-
tivity. While we find a strong positive correlation between our proxy for prices and 
revenue productivity, the correlation between the proxy and quality-adjusted produc-
tivity is negative, consistent with Foster et al. (2008) in their study for the US.

4 Garcia-Marin and Voigtländer (2019) finds a strong relationship between exporting and reduction in 
firm-level prices for Chilean firms. Moreover, some papers find that firms maybe capacity constrained 
which is reflected by an increasing marginal cost structure (Ahn & McQuoid, 2017, Almunia et al., 2021 
etc.). When faced with rising foreign demand shocks. Firms could raise their prices due to increasing 
marginal costs.
5 QA productivity, physical productivity or quantity productivity refers to the same thing and will be 
used interchangeably in this paper.
6 By import tariffs, we imply the tariffs faced by a manufacturing firm on its output. This tariff captures 
the import competition faced by a firm in its domestic market. This is different from the import tariffs on 
the imported inputs used in production by a firm.
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We begin our analysis in Sect.  2 where we present our simple empirical setup 
and derive a new structural econometric equation for the estimation of productivity 
from revenue data. We consider the demand side of a two-country world—home 
and foreign with a representative consumer in each that faces a standard CES utility 
function and chooses varieties to consume subject to a budget constraint. The usual 
demand system for each variety emerges which depends negatively on the price and 
positively on quality of the variety. On the supply side, we consider a firm which 
produces with a Cobb-Douglas technology, sells in the domestic market and then 
decides whether to export. The firm’s problem is to choose prices in domestic and 
export markets (if it exports). We derive the total revenue that emerges in equilib-
rium and show how to recover productivity. Our productivity estimate is the con-
ventional revenue productivity adjusted with the domestic market share of the firm 
within its industry.

In Sect.  3, we present our data and discuss several cleaning procedures and 
restrictions on our sample. We also provide detailed descriptive statistics of the 
datasets. While in Sect. 4, we estimate our empirical model, the standard revenue 
productivity model, and De  Loecker (2011) model using standard proxy methods 
pioneered by Olley and Pakes (1996) and extended in Levinsohn and Petrin (2000) 
and Ackerberg et al. (2015) (henceforth OP, LP and ACF respectively).

In Sect.  5, we estimate the effect of the reduction in import tariffs charged on 
EU imports on the efficiency of Hungarian manufacturing firms. One of the main 
strengths of our methodology is that we construct variations in tariffs at the firm-
level. By doing this, we are able to control for possible unobserved time-varying 
industry (NACE 2 digits) effects that jointly affect average industry tariffs and pro-
ductivity. However, our analysis in this section poses a potential shortcoming. We 
focus only on exporters because we do not observe products sold by non-exporters. 
So, we assume that products sold in the export markets are the same as those sold 
in the domestic market. If exporters have different product mix in the export and 
domestic markets, it is likely that such patterns exist at a highly disaggregated level 
of product definition.7. This assumption is not likely a concern given the evidence 
that firms sell same products, but of different quality (taste) across markets (Manova 
and Zhang, 2012; Crozet et al., 2012).

We identify the tariffs faced by a firm by computing the simple average of the tar-
iffs on products the firm produced and sold in the domestic market in each period,8 
and employ two empirical strategies. The first strategy is a direct method as in 

7 According to the European commision webpage (ec.europa.eu/taxation_customs/business/calcula-
tion-customs-duties/what-is-common-customs-tariff/combined-nomenclature_en), HS-2 product "18" 
is described as "Cocoa and Cocoa Preparations"; HS-4 product "1806" is "Chocolate and other food 
preparations containing cocoa", HS-6 "1806 10" is Cocoa powder, containing added sugar or sweeten-
ing matter and for CN-8 "1806 10 15" is Containing no sucrose or containing less than 5 % by weight of 
sucrose ("including invert sugar expressed as sucrose) or isoglucose expressed as sucrose ". Our point 
here is that product mix across markets if it exists maybe be more pronouced at a finer level of disaggre-
gation due to taste preferences across markets.
8 In the robustness checks, we compute weighted-averages of the tariffs on products the firm produced at 
each time period.
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Fernandes (2007) where we estimate the effect of tariffs on productivity directly in a 
single production function estimation.9 The second strategy which we call the two-
step approach follows a non-parametric form where we start with estimating the pro-
ductivity as residuals from a production function estimation and then we project the 
productivity estimates on tariffs while controlling for some variables of interest as 
discussed later. We sum up the discussions in Sect. 6 and provide additional infor-
mation and results in both the online appendix and supplementary online appendix.

1.1  Literature review

We build on the vast and growing literature on production function estimation at 
the firm level. Starting with Olley and Pakes (1996) (OP) which shows how to con-
trol for the simultaneity bias when estimating production functions by relying on 
investments as proxy for unobserved productivity. Given the lumpy nature of invest-
ment data, Levinsohn and Petrin (2000) (LP) showed that material inputs (which are 
less lumpy) could be used as proxy for productivity in the Olley and Pakes (1996) 
framework. Their work has been extended by Ackerberg et al. (2015) (ACF) which 
argued that the coefficient of labor cannot be identified in the first stage of OP and 
LP framework and shows how to identify labor in the second stage. Other literatures 
have proposed an adjustment to this framework. For example, Bond and Söderbom 
((2005)) have shown (for the Cobb-Douglas production function) that under the 
scaler unobservable assumptions in the LP and OP framework, using gross output 
function cannot identify coefficients of perfectly variable inputs without input price 
variation except further assumptions are imposed. Thus, they propose estimation of 
a value-added production function. De  Loecker (2013) suggests including lagged 
export dummy in the productivity process of the OP and LP procedure, as lag of 
export status may be correlated with lag of productivity. These literatures typically 
rely on deflating sales revenue with industry price index which poses a threat to 
identification of production inputs and may bias productivity estimates in industries 
with high scope of product differentiation. Relative to these literatures, we propose a 
new production function estimation equation that controls for unobserved prices and 
demand shifters.

Our paper is not the first to integrate the demand-side of the economy to the sup-
ply-side in estimating a production function. Klette and Griliches (1996) developed 
the framework to integrate the demand-side with the supply-side of the economy, 
thus, addressing the problems caused by deflated sales proxy for firm-level produc-
tion function estimation in differentiated products. Their focus was on estimating 
the returns to scale and not productivity. Levinsohn and Melitz (2002) build on this 
framework, to obtain and interpret credible estimates of productivity. They show 
that productivity estimates based solely on sales revenue are bias as they reflects 
price and demand shifters, however they offer no application to their procedure. 
De Loecker (2011) is the first to apply this methodology in the study of the effect 

9 For more details on motivation and identification, we refer the reader to Fernandes (2007).
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of quota reduction on efficiency of Belgian textile manufacturers. Their estimating 
equation is a reduced form expression of deflated sales revenue on production inputs 
(capital, labour and materials), industry output, unobserved demand shifter and pro-
ductivity. They recover the elasticity of substitution from the coefficient of indus-
try output which they use to back-out quantity productivity from their reduced-form 
estimates of productivity. Their framework assumes that the unobserved demand 
shifter can be summarised by a product and sector fixed effect, a proxy for prices 
and an unobserved error term which they assume to be exogenous. They exploit the 
multi-products nature of their data and construct a proxy for prices which reflects 
the extent to which a firm is exposed to the rapid easing of quotas in the EU during 
the period 1994 to 2002. They find that their methodology predicts weaker effect 
of trade liberalization on firm-level productivity compared to revenue productivity. 
Relative to these papers, we offer a general framework for addressing this problem 
of unobserved prices. Our model nests De Loecker (2011)’s model and shows that 
their main estimating equation is a special case of ours under the assumption that 
firms do not export. By allowing for exporting, we show that our estimating equa-
tion is equivalent to De Loecker (2011) model with an additional term which reflects 
the firms’ export intensity. Unlike their framework, ours do not rely on estimates of 
the industry elasticity of substitution or precise observation of industry output vari-
able to back out physical productivity.

Our paper is also related to Rho and Rodrigue (2016). The main similarity is 
that both papers estimate a model-consistent productivity under the assumption that 
firms endogenously respond to idiosyncratic demand shocks in the foreign market. 
While their paper focuses on understanding the impact of investment on export-
ing, we focus on how increased import competition faced by firms affects physical 
productivity. In addition, they normalize domestic demand shocks to one, while we 
assume it to be different across firms and time. This is important in our setting as our 
objective is to investigate the relationship between firm-level variation in domestic 
demand shocks and productivity. Demidova et  al. (2012) use a similar estimation 
approach as ours in studying the effects of productivity and country-specific export 
demand shocks on export destination. While theirs introduces destination-specific 
export demand shocks non-parametrically in their material function, we incorporate 
both domestic and export demand shocks addressed to a firm in a structural empiri-
cal model. Besides, our focus is different from theirs. While we are interested in a 
more precise estimate of productivity and how import competition impacts it, they 
focus on the effects of interaction between productivity and country-specific export 
demand shocks on a firm’s export destination.

Our paper is also related to Foster et al. (2008) which investigates the distinction 
between quantity and revenue productivity. In their framework, they observed both 
physical output and sales revenue at the firm level in addition to input variables. 
They estimate quantity and revenue productivity and perform a number of compara-
tive analysis between their estimates. One finding that emerges from their study is 
that the correlation between plant prices and revenue productivity is positive with 
a correlation coefficient of 0.16, however this correlation with physical produc-
tivity is negative with a coefficient of −0.54 . The findings in our paper is consist-
ent with theirs. Our proxy for prices is negatively correlated with quality-adjusted 
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productivity and positively correlated with revenue productivity. The similarity 
between both findings supports the notion that revenue productivity may reflect ris-
ing firm-level prices and also implies that domestic market shares of a firm within 
its industry is strongly correlated with unobserved prices.

This paper is also related to the vast and growing literature studying the impact 
of trade liberalization on productivity of firms (Topalova and Khandelwal, 2011)—
Indian firms; Fernandes (2007)—Colombian firms; Lileeva and Trefler (2010)—
Canadian firms; Bustos (2011)—Argentine firms; De Loecker et al. (2016)—Indian 
firms; Trefler (2004)—Canadian firms; among many). Some of these papers use 
either revenue productivity (Topalova and Khandelwal 2011; Fernandes 2007) or 
labor productivity (Trefler, 2004) and find a positive effect of trade liberalization on 
productivity. We argue that using revenue productivity may overestimate the effect 
of trade liberalization, and we introduce a methodology that corrects for this poten-
tial bias.

A number of recent studies have analyzed the impact of import competition on 
firm-level or firm-product efficiency (Bräuer et  al., 2019)—German manufactur-
ing firms; Dhyne et al. (2017)—Belgian manufacturing firms; etc.). In these stud-
ies, import competition is measured as a firm’s exposure to imports of similar prod-
ucts that they manufacture; and find efficiency gains from import competition. We 
differ from these studies in the measurement of import competition and a focus on 
an emerging economy. Shu and Steinwender (2019) provide a detailed review of 
the empirical literature on the impact of trade shocks (import competition, export 
opportunities, access to imported intermediate inputs, and foreign input competi-
tion) on firm-level efficiency.

Some other studies analyzed the effect of import competition on product quality 
and prices such as Amiti and Khandelwal (2013) and Bas and Strauss-Kahn (2015); 
both find a positive effect of import competition on quality upgrading. McManus 
and Schaur (2016) find a positive effect of import competition on workplace injury 
rates in the US. Our paper differs as we focus on physical productivity. This work is 
also related to Khandelwal (2010). Both papers use market shares as proxy for qual-
ity conditional on prices10 and investigate different questions.

To our knowledge, this paper is the first to consider the effect of foreign demand 
shocks on firm-level productivity estimates using sales revenue data.

2  Empirical framework

In this section, we start with a model of demand and supply side, derive the estimat-
ing equation of interest and discuss the advantages of the framework.

10 Khandelwal (2010) assumes that firms produce choosing price and quality, while our setup assumes 
that firms are endowed with quality and choose price to maximize profit, consistent with Johnson (2012).



 F. Maduko 

1 3

2.1  Demand

Consider a world consisting of two countries home h and foreign f, and a repre-
sentative industry with many firms producing differentiated goods. Our analysis is 
focused on firms in the home country. Consumers in both countries have the con-
stant elasticity of substitution (CES) preferences with same industry elasticity of 
substitution between varieties denoted by 𝜎 > 1 . Consumers in country i = {h, f } 
spend Ri in nominal terms on varieties in the industry. A representative consumer in 
each country i maximizes its utility given by:

We assume Ui to be differentiable and quasi-concave. The quantity of each con-
sumed variety is denoted by q̃i(𝜔) which is measured in units of utility. For each 
industry, we assume that all varieties are measured in similar physical units such that 
q̃i(𝜔) can be seperated into a demand shifter �h(�) which we call quality and physi-
cal units qi(�) such that q̃i(𝜔) = 𝜁h(𝜔)qi(𝜔) . The product quality �h(�) can be seen 
as a single dimensional metric of the representative consumer’s valuation of product 
characteristics in one physical unit of the product (Johnson 2012). Thus, product 
quality acts as a demand shifter for physical quantities. Changes in �h(�) across time 
could result from either changes in the quality embodied from the good or changes 
in consumer’s relative valuation of the product. For foreign consumers, we assume 
�f (�) = �h(�)�f  such that �f ≥ 0 is the foreign demand shock. This allows for 
changes in idiosyncratic preferences for product � across countries. Consumers in 
both countries are subject to the budget constraint: ∫

�∈Ω
pi(�)qi(�)d� = Ri , where 

pi(�) and Ri are the price of variety � and income in country i respectively. This 
setup generates the usual demand system faced by each firm i as :

where �i = P�−1
i

Ri is the aggregate level of demand in the sector in country i , this 
can be interpreted as the position of the demand curve common to all firms and 
Pi = [∫

w∈Ω
�i(�)

�−1pi(�)
1−�d�]

1

1−� is a summary of the prices of all available varie-
ties in an industry in country i. We assume that firms are small relative to the indus-
try they belong to, so they have no power to exert any influence on this industry 
price index Pi and take it as given.

2.2  Supply

We assume that all firms j are heterogeneous in their productivity levels Aj and pro-
duce a single variety j under monopolistic competition. To avoid the abuse of nota-
tions we henceforth denote j in place of � such that qi(�) ≡ qij . Firms produce with a 
Cobb-Douglas technology using labor Lj , physical capital Kj and material inputs Mj . 
We follow the literature and assume that labor Lj and capital Kj are predetermined 

(1)Ui =

[

∫
𝜔∈Ω

q̃i(𝜔)
𝜎−1

𝜎 d𝜔

]
𝜎

𝜎−1

for i ∈ {h, f }

(2)qi(�) = �i(�)
�−1�ipi(�)

−�



1 3

Does import competition drive productivity growth? Evidence…

(Halpern et al., 2015) and material is a perfectly variable input with price normal-
ised to 111 and can be freely adjusted at any point in time. Firm j′s production func-
tion in the current period is:

where Aj = exp(aj + �j) and �j is the measurement error and idiosyncratic shock to 
production. Our assumption on Mj implies that the total variable cost is given by :

Note here that we do not assume any specific marginal cost structure. Firms may 
export some of their output to the foreign market by paying a fixed export cost ff  
which reflects additional cost incurred by doing business abroad. We assume that 
the price which exporters receive ( pjf  ) is different from that paid by foreign consum-
ers such that p∗

jf
= pjf �j , where 𝜏j > 1 is the import tariff or shipping cost. The firm’s 

problem is to maximize profits choosing prices in both domestic and foreign markets 
subject to the demand curve in Eq. (2). We can rewrite this problem as:

where fh is the fixed cost of selling at home. This yields the price equation:

where V =
�m

�m−�(�m−1)
 . Provided �m ≠ 1 , a change in the demand shifter has an effect 

on prices. Foreign demand shock has an effect on unobserved firm level prices ( pjh ) 
making it imperative to integrate the foreign demand system into the supply function 
of the firm.  We derive the firm-level domestic, foreign, and total revenue that 
emerges from this framework (see supplementary online appendix) respectively 
below:

qj = AjK
�k
j
L
�l
j
M

�m
j

TVCj = q

1

�m

j
A
−

1

�m

j
K

−
�k

�m

j
L
−

�l

�m

j

(3)max
qjhqjf

{

q
�−1

�

jh
(��−1

jh
�h)

1

� +
q

�−1

�

jf
(��−1

jf
�f )

1

�

�j
−

(qjh + qjf )
1

�m

A

1

�m

j
K

�k

�m

j
L

�l

�m

j

− fh − ff

}

(4)pjh =

(

�

� − 1

)V[

1

�m
(AjK

�k
j
L
�l
j
)
−

1

�m

]V

�
1−

V

�m

jh
(�h + �−���−1

f
�f )

V(1−�m)

�m

(5)Rjh = ZV(�−1)(AjK
�k
j
L
�l
j
)
V(�−1)

�m �

V(�−1)

�m

jh
�h(�h + �−�

j
��−1
jf

�f )
V

�m
−1

(6)Rjf = ZV(�−1)(AjK
�k
j
L
�l
j
)
V(�−1)

�m �

V(�−1)

�m

jh
�f �

�−1
jf

�−�
j

(�h + �−�
j

��−1
jf

�f )
V

�m
−1

11 In literature on production function estimations, materials have been assumed as a perfectly variable 
input. See Ackerberg et al. (2015) and Levinsohn and Petrin (2000) for more details.
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where T denotes total and Z = (
�−1

�
)�m . Our aim in this exercise is to derive an 

empirical equation which estimates physical productivity from total revenue data. 
There are 3 unobservable variables in Eq. (7b)—�jh , �j and �jf  . We can reduce the 
unobservables by dividing Eq. (5) by (6)

where s denotes the sector/industry. Equation (8) can be interpreted as the competi-
tiveness of a firm in the export market relative to the domestic market. This relative 
competitiveness can be increasing due to either a decrease in the tariffs faced by a 
firm or an increase in the export demand. We substitute Eq. (8) in (7) and simplify 
to obtain:

Denote Djh =
Rjh

Rsh

 the domestic market share of the firm j within its industry s; 1

|�−1|
 

yields an estimate of the industry elasticity of demand. Taking logs of Eq.  9 and 
including a time subscript we derive:

Equation (10) is our new production function estimation equation, where � =
1

|�−1|
 

and all lower-case variables are in log terms. The demand shifter �jh is unobserved, 
but positively correlated with domestic market shares djt12. Therefore, part (but not 
all) of the variation in quality �jh is captured by variations in the domestic market 
shares ( djt ). In addition, djt also captures variation in prices not related to product 
quality.13 Note, �l , �k and �m are structural parameters of the production function, 
and the industry elasticity of substitution can be recovered from � =

1

|�−1|
 . In section 

A1 and A2 of the online appendix, we compare our estimating Eq. 10 with standard 

(7)

RjT =

⎧

⎪

⎨

⎪

⎩

ZV(�−1)(AjK
�k
j
L
�l
j
)
V(�−1)

�m (��−1
jh

�h)
V

�m if firm sells at home

ZV(�−1)(AjK
�k
j
L
�l
j
)
V(�−1)

�m �

V(�−1)

�m

jh
(�h + �−�

j
��−1
jf

�f )
V

�m if firm sells in both

(8)��−1
jf

�−�
j

=
Rjf�h

Rjh�f

=
Rjf∕P

�−1
sf

Rsf

Rjh∕P
�−1
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(10)r̃jt = 𝛼lljt + 𝛼kkjt + 𝛼mmjt + 𝛽djt + ln𝜁jht + ajt + 𝜇jt

12 Domestic market share is derived as: rh(�)

Rh

= �h(�)
�−1P�−1

h
pi(�)

1−� . This can be re-expressed as 
ln

(

rh (�)

Rh

)

= (� − 1)ln(�h(�)) + (� − 1)ln(Ph) + (1 − �)

(

Vln

(

�

�−1

)

+ Vln

[

1

�m
(AjK

�k
j
L
�l
j
)
−

1
�m

]

+

(

1 −
V

�m

)

ln(�h(�)) +

(

V(1−�m)

�m

)

ln(�h + �−��f�f )

)

 . Taking the first-order condition with respect to 

�h(�) , we obtain dln(Djh)∕d𝜁h(𝜔) = [(𝜎 − 1) + (1 − 𝜎)(1 − V∕𝛼m)]𝜁h(𝜔)
−1 > 0 for 0 < 𝛼m < 1.

13 The price proxy djt reflects both output prices and quality, consistent with Khandelwal (2010) that 
instruments quality with market shares conditional on prices.
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revenue productivity equation and De  Loecker (2011) quantity productivity 
equation.

3  Data

In this section, we describe our data sources and cleaning procedure, and present 
some descriptive statistics.

We use 3 datasets from Hungary. The first is production data which is a panel of 
the universe of Hungarian firms’ balance sheet data for the period 1993–2003. The 
second is a panel of export data consisting of firm-product and export destination 
information for the period 1993–2003. The third is data on import tariffs charged 
on EU imports for the period 1996–2003. We also complement this with data on 
producer price index (PPI) by industry publicly available at the online database of 
Hungarian statistical office. We briefly describe the datasets and provide additional 
details in the supplementary online appendix.

3.1  Production data

The production dataset comes from Hungarian Tax Authority (APEH) and 
includes balance sheet and income statement information such as net value of 
sales and exports, fixed assets, wage bills, costs of goods and material inputs, 
and average annual employment, among others. For the purpose of this paper, 
we focus on manufacturing firms14 with at least one employee and positive sales 
value, and delete observations from non-manufacturing firms and manufactur-
ing firms with less than one employee and zero sales revenue. The data consists 
of 95033 unique firms and 605056 observations. Out of these, there are 239361 
observations for which total exports is greater than total sales. We drop these 
observations as we consider them a reporting error and we are unsure about how 
to treat them.15 We merge the data with industry producer price index (PPI) at the 
2-digit NACE identifier and create new variables for deflated total sales, exports 
sales and material inputs using the PPI. We construct domestic sales by subtract-
ing exports from total sales. In the supplementary online appendix, we discuss 
a number of data cleaning procedure and treatment of missing values for sales, 
capital, employment and material inputs. After the cleaning, the manufacturing 
sectors consist of 64979 unique firms and 324351 firm-year observations. Out 
of these, approximately 40% of firms exported at least once throughout our sam-
ple period. We classify these firms as exporters. Table 1 shows some descriptive 
statistics of the production data. We observe an increasing pattern for total sales, 
exports and material inputs throughout the sample period. The fraction of export-
ers ranges between 0.42 to 0.54, however these exporter’s share of total sales lie 

14 In appendix, we describe the sectors we considered in this work.
15 When we observe exports larger than sales, we only drop the observation and not the entire firm’s 
observations.
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between 93 and 96% of total sales. This suggests that the impact of import com-
petition on exporting firms can be generalised to all firms considering the weight 
of exporter’s total sales in aggregate output. In column (9), We show that the 
average annual growth of wage per worker increased over the time period studied 
with decline in some periods. Overall, the observed patterns are consistent with 
existing studies.

Since the domestic market share of a firm within its industry is crucial in this 
work, we describe the patterns of this variable over time. We proceed by comput-
ing the fraction of domestic sales within an industry attributed to the top 1%, 5% 
and 10% of firms in each year. The top 1%, 5% and 10% of firms are defined in 
terms of their yearly domestic sales within an industry. We then summarise its 
distribution across industries in Table 2. For example under Top 1%, in 1993, the 
minimum across industries for the fraction of domestic market share attributed 
to the top 1% of firms within an industry is 20%, the maximum is 38.5% and the 
median is 29%. The table shows that in the median industry, the top 10%, 5% and 
1% of firms contributed 73.5%, 60.5% and 29% of total domestic sales in 1993. 
This pattern is consistent across all the years in our data. The results imply that 
the domestic sales within an industry is heavily concentrated in very few number 
of large firms—superstar firms using the parlance in Mayer and Ottaviano (2008). 
In Table (S2), we present the share of total sales and number of firms attributed to 
the top 1%, 5%, and 10% of firms in terms of the total sales. As expected, the top 
1% of firms accounts for between 56% to 68% of total sales, while the top 10% of 
firms account for over 89% of total sales.

Table 2  Summary statistics for domestic market share

This table shows the distribution of domestic market shares across periods in our data. In each industry 
and in each year, I construct the fraction of total domestic sales attributed to the Top 1%, 5% and 10% 
firms. For each year, I show the range (min and max) and median of this value across industry for top 
1%, 5% & 10% firms

Top 1% Top 5% Top 10%

Year Min Med Max Min Med Max Min Med Max

Distribution of domestic market shares
1993 0.201 0.291 0.385 0.439 0.605 0.786 0.591 0.735 0.871
1994 0.217 0.274 0.485 0.459 0.635 0.818 0.595 0.746 0.888
1995 0.216 0.300 0.568 0.518 0.632 0.787 0.649 0.766 0.889
1996 0.208 0.310 0.541 0.475 0.630 0.786 0.625 0.759 0.881
1997 0.180 0.302 0.607 0.480 0.618 0.830 0.630 0.753 0.899
1998 0.233 0.345 0.604 0.505 0.617 0.816 0.644 0.754 0.889
1999 0.211 0.317 0.565 0.511 0.593 0.782 0.657 0.734 0.875
2000 0.161 0.335 0.728 0.485 0.585 0.857 0.625 0.713 0.912
2001 0.168 0.310 0.493 0.449 0.543 0.794 0.625 0.713 0.912
2002 0.170 0.310 0.479 0.474 0.558 0.763 0.623 0.687 0.864
2003 0.167 0.304 0.465 0.480 0.552 0.775 0.633 0.696 0.860
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3.2  Trade data

This dataset comes from Hungarian statistical Office and assembled from customs 
declarations. It consists of a complete set of firm-level transactions on exports in 
Hungary at a highly disaggregated level (Combined Nomenclature-10). That 
is, we observed the range of products exported by a firm, the export destination, 
quantity and sales value. The total number of observations is 2,466,408.16 Table 3 
shows a summary statistics of the trade data. We see that the largest fraction of 
Hungarian manufacturing exports goes to the EU/EFTA during the period covered 
in our data. This is also true for Hungarian imports from the EU/EFTA as shown 
in Fig.  1. Between 73 and 79% of Hungarian manufacturing export destination is 
the EU, and between 55 and 66% of imports are from the EU during the period 
1996–2003. Clearly, the EU/EFTA is Hungary’s biggest trading partner during the 
period 1996–2003. The second export destination are a group of countries consist-
ing mainly of Central and Eastern European countries (see notes in Table 3).

3.3  Tariff data

Our tariffs dataset comes from Hungarian trade office. The data consists of raw files 
of highly disaggregated (CN-10) product tariffs charged on EU imports, bilateral 
product tariffs with members of Central European Free Trade Association (CEFTA) 
and tariffs charged on other Central European countries, Israel and Turkey during 
the period 1996–2003. This tariffs capture the differential exposure of Hungarian 
products to different tariffs with the EU and other countries. We aggregate the tariffs 
with the EU/EFTA countries17 by taking simple averages at the HS-6 level for each 
year. Column (6) of Table 3 shows the average import tariffs charged on EU/EFTA 
imports. Clearly, tariffs are reducing during the period leading to Hungary’s entry 
into the EU. Average tariffs fell by over 75% between 1996–2003.18 In Fig. 2, we 
plot the average tariffs (in percentages) on imports from the EU/EFTA and Group 2 
countries. The figure shows a strong positive co-movements between both tariffs. It 
also suggests that any of these tariffs can be used as a measure of import competi-
tion. Since Hungary’s biggest trading partner is the EU/EFTA, we choose the tariffs 
with the EU/EFTA in our analysis.

We merge these datasets. Our final sample contains 39128 observations and 
11038 unique firm identifiers. During the late nineties, a large number of firms were 
part of the supply chain for large firms in the EU, thus domestic sales may not matter 
to them. These export platforms are pronounced in the auto manufacturing industry 
and may have little presence in other industries. Since we do not observe these firms 

16 We follow the basic cleaning detailed Békés et al. (2011). Detailed stylized facts about both datasets 
are contained in their paper.
17 European Free Trade Association (EFTA) includes countries in the EU, Iceland, Liechtenstein, Nor-
way, and Switzerland.
18 Hungary joined the EU in 2004 so tariff drop to zero. However we do not observe the exports to any 
destinations and so we restrict the second part of the analysis to period between 1996–2003.
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in the data, and in order to address this potential concern, we create a sub-sample 
by excluding firms in Motor vehicles, trailers and semi-trailers and Other transport 
equipments industries (NACE 2 industry 34 and 35), and firms with over 70% of 
export share from our sample. This new subsample consists of 27829 observations 
and 9071 unique firm identifiers. This will be our main sample. We provide detailed 
discussions on the merging procedure in section (S2.2) of the supplementary online 
appendix.

4  Estimation strategy

In this section, we describe the estimation procedure and identification that provides 
estimates of productivity. Our procedure relies on the proxy methods developed in 
Olley and Pakes (1996) and extended by Levinsohn and Petrin (2000) and Acker-
berg et al. (2015). The main estimating equation is given by:

All variables are as defined in Sect.  2. Our goal here is to obtain consistent esti-
mates of the firm-level productivity. Since we do not observe the demand shifter 
�jht , we need to construct a variable which approximates it. As already mentioned, 
changes in �jht across time could result from either changes in the quality embodied 
in the good or changes in consumer’s relative valuation of the product. We already 
assumed that firms are endowed with quality (as in Johnson, 2012), so that any vari-
ation in �jht will result from consumer’s relative valuation of the product.19 We argue 
that the variation in demand addressed to a product will depend on the availability of 
substitutes. As the decline in tariffs on EU imports is likely to increase the net num-
ber of competing varieties addressed to a firm (Melitz 2003), �jht will reflect a firm’s 
exposure to the prevailing import tariffs.20 We approximate �jht with an industry 
dummy �s , year dummy �t , average tariffs faced by a firm 𝜏jt , a dummy for whether 
a firm used imported inputs impjt21 and an unobservable firm-specific demand shock 
𝜁jht which we assume to be independent and identically distributed (iid) across firms 
over time. That is:

The highly disaggregated nature of our data makes it possible to construct each 
producer’s exposure to trade policy in each time period. In some specification, we 

(11)r̃jt = 𝛼lljt + 𝛼kkjt + 𝛼mmjt + 𝛽djt + ajt + ln𝜁jht + 𝜇jt

(12)𝜁jht = 𝛼s + 𝛼t + 𝜌𝜏jt + impjt + 𝜁jht

19 Even if quality is changing over time, this will be captured by a firm’s domestic market share within 
its industry.
20 This reasoning is consistent with De Loecker (2011) that approximates the unobserved demand shifter 
with a product dummy, a product group dummy, average exposure of a producer to EU quotas and an 
i.i.d. demand shock.
21 Switching from domestic intermediate inputs to imported intermediate inputs may improve product 
quality. In some specifications we exclude this variable ( impjt ), or include imported inputs tariffs to test 
the sensitivity of our estimates.
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control for industry-time dummies instead of a separate industry and time fixed 
effects to address a potential concern that industry export and import tariffs may be 
correlated. The industry-time dummies controls for any time-variant industry effects 
that maybe correlated with firm level characteristics such as unobserved industrial 
policies such as subsidies, tax preferences, average industry tariffs, endogeneity of 
industry level tariffs etc. We then rewrite our main estimating equation as:

(13)r̃jt = 𝛼lljt + 𝛼kkjt + 𝛼mmjt + 𝛽djt + ajt + 𝛼s + 𝛼t + 𝜌𝜏jt + impjt + 𝜇∗
jt

Fig. 1  Total imports and share of imports from the EU/EFTA (1992–2003)

Table 3  Share of Hungarian exports across different destinations

This table shows the shares of Hungarian manufacturing exports across several destinations. EU/EFTA 
includes all EU countries between the period 1996–2003, and Norway, Switzerland and Liechtenstein. 
Group 2 countries consist of the following: Czech Republic, Slovakia, Slovenia, Romania, Israel, Turkey, 
Estonia, Bulgaria, Latvia, Lithuania, Croatia and Poland. Other countries consist of all other countries 
not listed here

Year EU/EFTA Group 2 
countries

United States Other countries Mean tariff on 
EU imports(%)

1996 0.73 0.12 0.04 0.15 8.13
1997 0.76 0.10 0.03 0.13 6.03
1998 0.77 0.10 0.05 0.12 5.32
1999 0.79 0.09 0.06 0.09 4.67
2000 0.78 0.08 0.05 0.07 4.04
2001 0.78 0.09 0.05 0.08 3.03
2002 0.79 0.09 0.04 0.08 2.89
2003 0.77 0.11 0.03 0.09 1.99
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where 𝜇∗
jt
= 𝜇jt + 𝜁jht is the zero-mean shocks that are uncorrelated with the regres-

sors. To study the effect of import competition on productivity, we can estimate 
Eq.  (13) directly or we employ a two-step method where we estimate 
r̃jt = 𝛼lljt + 𝛼kkjt + 𝛼mmjt + 𝛽djt + ajt + 𝜇jt and recover the productivity estimates ajt 
in a first step, and then regress the recovered productivity on average tariffs 𝜏jt whilst 
controlling for some covariates in the second step. We provide a detailed discussion 
on this in Sect.  5. We estimate Eq.  13 borrowing insights from Ackerberg et  al. 
(2015)

We use firm-level sales revenue data deflated by NACE 2-digit industry-spe-
cific price indices as the dependent variable and we also deflate other nominal 
variables using same price indices. We specify an endogenous process for pro-
ductivity which depends on lagged productivity. The law of motion of productiv-
ity is assumed to follow a first-order markov process as defined below:

where �jt is the innovation term. This specification ensures that we control for any 
time-invariant effects that may be correlated with unobserved productivity and 
inputs. The innovation term �jt is by OP/LP assumption uncorrelated with the firm’s 
lagged choice variables.

We commence by assuming that materials mjt is directly related to unobserved 
productivity, labor input, import tariffs, and our proxy for price and demand 
shifter—domestic market shares. Specifically, as assumed in OP/LP, capital in 
period t is determined through its choice of investment in period t − 1 (i.e. kjt
=g(kjt−1, ijt−1 ) ), and as in ACF, ljt is chosen either in period t − 1 , t − q (such that 
0 < q < 1 ) or t. The crucial thing here is that material inputs is chosen conditional 
on lit . What is new here is that we introduce a new variable to the ACF frame-
work by assuming that the firm observes its domestic demand in either period 
t or t − q before choosing its material inputs. In otherwords, material inputs are 

(14)ajt = f (ajt−1) + �jt

Fig. 2  Import tariffs. See notes 
below Table 3 for a list of coun-
tries under Group 2
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chosen conditional on kjt, ljt, djt, ajt, 𝜏jt.22 This gives rise to the function of material 
inputs as:

This relies on the assumption that input demand is monotonically increasing in pro-
ductivity under monopolistic competition23 conditional on kjt, ljt, djt, and 𝜏jt . With 
the monotonicity assumption, we can invert Eq. (15) and derive a function that prox-
ies for productivity as:

The estimation consists of two stages as in Ackerberg et al. (2015) except for the fact 
that we obtain both demand and supply parameters in the second stage. In the first 
stage of the procedure, we estimate the equation of the form:

where 𝜙t(kjt, ljt, djt,mjt, 𝜏jt) = 𝛼kkjt + 𝛼lljt + 𝛼mmjt + 𝛽djt + 𝜌𝜏jt + ht(mjt, kjt, ljt, djt, 𝜏jt) . 
In some specifications, we control for industry-year dummies to ensure that any 
unobservable industry level time-varying effects which may be jointly correlated 
with import tariffs do not bias our results. Foreign firms are more productive than 
domestic firms (Halpern et al., 2015). In an unlikely scenario where ownership sta-
tus is correlated with import competition, our estimates of 𝜏jt will be biased. So, we 
also include foreign ownership dummy in the material function in some specifica-
tions, where a firm is classified as foreign-owned if foreigners own over 50% of the 
firm’s equity.

In principle, none of the input variables can be identified in the first stage. We 
compute �̂�t(.) from first stage estimation where ht(mjt, kjt, ljt, djt, 𝜏jt) is proxied by a 
third-order polynomial function of its components. In the second stage, we provide 
moment conditions to identify the parameters of interest after obtaining the innova-
tion term. We commence by using �̂�t(.) and together with initial guess of the coef-
ficient vector �z = {�k, �l, �m, �, �} and for any other candidate vector of 𝜶z , produc-
tivity is computed as:

We use our productivity process (Eq.  14) to recover the innovation term �jt by a 
non-parametric regression of ajt(𝜶z) on its own lag ajt−1(𝜶z) . We define the moment 
condition below and iterate over candidate vector 𝜶z

(15)mjt = gt(kjt, ljt, djt, ajt, 𝜏jt)

(16)ajt = g−1
t
(kjt, ljt, djt,mjt, 𝜏jt) = ht(kjt, ljt, djt,mjt, 𝜏jt)

(17)r̃jt = 𝜙t(kjt, ljt, djt,mjt, 𝜏jt) + 𝛼s + 𝛼t + impjt + 𝜇∗
jt

ajt(𝜶z) = �̂�t(.) − (𝛼kkjt − 𝛼lljt − 𝛼mmjt − 𝛽djt − �̃�𝜏jt)

22 We also checked for the case where market shares are identified in the first stage of Ackerberg et al. 
(2015), and we obtained similar estimates.
23 De Loecker (2011) verifies that this assumption holds for the case where the demand side is integrated 
in the production function estimation.
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Thus, Eq. (18) states that for the optimal 𝜶z , the innovation term �jt is uncorrelated 
with our instruments ( kjt ljt−1 mjt−1 djt−1, 𝜏jt−1 ) ′ . The optimal value of 𝜶z gives us our 
coefficient of interest.24

We also estimate both revenue productivity (using similar procedure as above) 
and quantity productivity from De  Loecker (2011).25 We recover the productivity 
measures using the estimated parameters �̂�l, �̂�k, �̂�m, and 𝛽  and perform a number of 
comparative analysis in Section A3 of the online appendix.

5  Effects of import competition on productivity

In this section, we study the impact of import competition measured as reduction in 
tariffs charged on imports from the EU on firm level productivity during the period 
between 1996 and 2003. We focus on firms with at least two observations during the 
period studied.

Our data limitation poses two potential shortcomings. First, we do not observe 
the product mix of non-exporters so we cannot match our tariff information to non-
exporters. However, this is not an issue as total sales attributed to exporting firms 
ranges between 93% to 96% of total sales of all firms during the period 1996–2003 
(see Table 1). Second, we observe products exported by exporting firms but we do 
not know whether exporters have different product mix in the domestic and for-
eign markets. This is clearly not a concern if products mix in domestic and foreign 
markets are differentiated at a highly disaggregated level (HS-6 and above).26 This 
assumption is somewhat consistent with existing literature which finds that firms 
sells same products but of different quality (taste) across markets (Manova and 
Zhang, 2012; Crozet et al., 2012).27 Thus, we remind the reader about these caveats 
in the interpretation of our results.

(18)E

⎧

⎪

⎪

⎨

⎪

⎪

⎩
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⎟
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⎟

⎠
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⎪

⎪
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= 0

24 If we are interested in recovering the industry elasticity of substitution, this can be done by estimating 
Eq. (17) for each industry and retrieving the industry elasticity of substitution from the domestic market 
share 𝛽 =

1

|𝜎−1|
 . However, this is not of interest to this paper.

25 See De Loecker (2011) for estimation procedure.
26 For example, if a firm sells HS-8 product 17011210: Raw beet sugar, for refining (excl. added flavour-
ing or colouring) in the domestic market and product 17011290: Raw beet sugar (excl. for refining and 
added flavouring or colouring) in the international market, both products are the same at the HS-6 clas-
sification and refers to 170112: Raw beet sugar (excl. added flavouring or colouring).
27 Using firm-level data for french wine manufacturers, Crozet et al. (2012) finds that firms sells wines 
of varying quality to different markets. This is similar to the findings in Manova and Zhang (2012) that 
used a comprehensive data on the universe of China’s export transactions and shows that firm’s export 
same products of different quality across markets.
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After estimating the impact of import competition on quality-adjusted produc-
tivity, we compare the estimates with that obtained when revenue productivity and 
physical productivity estimates based on De Loecker (2011);—subsequently, we call 
it DEL productivity. We also examine whether foreign-owned firms benefit more or 
less from import competition compared to domestic firms.

As already discussed in Sect. 4, we employ two estimation strategies—two-steps 
strategy and direct method. In the first step of the two-steps strategy, we separately 
estimate the three productivity measures using the methods described in Sect. 4. In 
the second step, we project the recovered productivity estimates against the tariffs 
faced by each firm. While the quality-adjusted productivity allows the productiv-
ity response to be isolated from the foreign and domestic demand response, DEL 
productivity isolates only the domestic demand response, and revenue productivity 
does not isolate any demand response. Before proceeding to the regression equation, 
we remind the reader about the underlying assumption that the tariff setting process 
is exogenous to the firm. This assumption is plausible given that the chances that a 
single firm in Hungary influenced trade decisions at the EU level is quite slim.

The second stage involves a regression of the form:

where we now denote productivity by �i
jt
 , where superscripts C, N and D denote rev-

enue, QA and DEL productivity respectively. �st is an industry time fixed effect 
which controls for any industry-level time-variant heterogeneity that are simultane-
ously correlated with import tariffs and productivity. Such heterogeneity may 
include endogeneity from organized industry lobbying for preferential protection. 𝜏jt 
is the average import tariffs at the 6-digits product level, and Xjt are controls such as 
lagged productivity or ownership dummy. Our main coefficient of interest is � which 
measures the effects of import competition on productivity. Since 
�C
jt
= �N

jt
+ (pjt − Psht − �jht) , Eq.  (19) implies that regressing revenue productivity 

on tariffs rely on the strong assumption that firm-level tariffs are uncorrelated with 
prices. This clearly overstates the effect of import competition on revenue productiv-
ity28 and sheds some light on the importance of integrating the demand system in 
production function estimation if sales quantity is unobserved. In the estimation, we 
use either contemporaneous or lagged tariff variables.

(19)𝜔i
jt
= k + 𝜌𝜏jt + 𝛼st + 𝛽Xjt + 𝜖jt, i ∈ {C,N,D}

28 To see this more clearly, by using revenue productivity in 19, the estimating equation takes the form:

Therefore 𝜌 = 𝜌true + 𝛾
cov(𝜏jt ,Ω)

var(𝜏jt )
 . Since cov(𝜏jt,Ω) < 0 and �true is expected to be negative, then we clearly 

see that � overstates the effects of tariffs on productivity.

𝜔N
jt
+ (pjt − Psht − 𝜁jht) = k + 𝜌𝜏jt + 𝛼st + 𝛽Xjt + 𝛾 (pjt − Psht − 𝜁jht)

�������������������
Ω

+𝜖∗
jt

�����������������������������
𝜖jt
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The second estimation strategy is the direct method which we already described 
in Sect. 4. Here, the effects of import competition on productivity is estimated in a 
single production function equation.

5.1  Estimation results

The results are presented in Tables  4, 5 and 6 using both contemporaneous and 
lagged average tariffs.29 We proceed with the direct approach by comparing the 
results for the quality-adjusted, revenue, and DEL productivity in Table 4. Clearly, 
import competition (i.e. coefficient of tariffs in Table  4) is associated with an 
increase in firm-level productivity across all specifications, however, our methodol-
ogy offers the most modest impact (columns 1 and 2), followed by DEL productivity 
(columns 5 and 6), and revenue productivity (columns 3 and 4), consistent with the 
theory presented in Sect. 2.30

We now turn to our preferred specification in Table 5 where we present the results 
of the direct approach estimates for quality-adjusted and revenue productivity, con-
trolling for industry-time fixed effects.31 The results imply that a 10 percentage point 
reduction in tariffs is associated with an increase in firm-level productivity by 1.4% 
when QA productivity is used. However, same 10 percentage point reduction in tar-
iffs is associated with an increase in revenue productivity by 2.35%. This pattern 
is consistent even when we control for importers dummy and foreign ownership 
dummy (Table 4). The average import tariffs during our period of study declined 
from 8.13% in 1996 to 1.99% in 2003 (Table 3)—a drop by 6.14 percentage points. 
Hence, our results suggest that import competition increased productivity by 0.84%. 
In sum, these findings imply that import competition increased firm-level efficiency, 
and its effect is overstated when revenue productivity is used as the measure of effi-
ciency. In addition, our results imply that productivity measurements from sales rev-
enue data can be improved if export markets are integrated into the supply function 
of firms.

We now present the results for the two-steps approach, starting with the first stage 
estimates in Table (S3) of the supplementary online appendix, and the second-stage 
estimates (Eq. 19) in Table 6 panels I, II and III for QA, Revenue and DEL Pro-
ductivity respectively, using both contemporaneous (columns 1–2) and lagged tar-
iffs (columns 3–7). Similar to the findings in the direct approach, the results in the 
two-steps approach show that import competition is associated with an increase in 
firm-level productivity across all specifications. However, QA productivity offers 
the most modest estimate when compared with revenue and DEL productivity.

29 It is important to note that the expected sign of � is negative if import competition increases produc-
tivity.
30 Also, see sections A1 and A2 in the online appendix. The full reduced form estimates, elasticity of 
substitution and structural parameters are presented in Table (S7) of the supplementary online appendix.
31 We do not estimate for the De Loecker (2011) approach because it requires controlling for industry 
sales in each time period.
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Our preferred specification is in column 2 of Table  6 where we controlled for 
industry-year fixed effects. The estimates from this specification suggest that a 10 
percentage points reduction in tariffs on imports from the EU is associated with an 
increase in quality-adjusted productivity by 1.3%. This estimated effect rises to 1.7% 
if DEL productivity was used, and to 1.8% if revenue productivity was used.

We now explore heterogeneity in efficiency gains along the lines of ownership 
type (i.e. domestic-owned vs foreign-owned firms). If firms are eliminating internal 
inefficiency as a result of increased competition, we should expect higher efficiency 
gains from domestic-owned firms than from foreign-owned firms. This is because 
foreign-owned firms could be more exposed to foreign competition and may have 
eliminated most inefficiencies prior to the trade policy. In column (6) of Table 6, we 
interact tariffs with a dummy that takes the value of 1 if the firm is a foreign firm and 
0 if otherwise. Our estimates for QA productivity imply that a 10 percentage points 
reduction in tariffs on imports from the EU is associated with an increase in QA 
productivity by 0.59% for domestic firms, and 0.13% for foreign firms, suggesting 

Table 4  Effects of import competition on productivity: direct approach

Foreign-owned is a dummy variable that takes the value 1 if a firm is over 50% foreign-owned and 0 if 
otherwise. I exclude firms in industry 34 and 35. (That is: "Motor vehicles, trailers and semi-trailers" and 
other transport equipments) and firms with export sales greater than 70% of total sales to ensure that our 
results are not driven by export platform firms. Columns (5) and (6) reports the structural coefficients of 
the input variables. See Table (S7) in the appendix for the full estimates (including the elasticity param-
eter) of de loecker (2011) model. Bootstrap standard errors are reported in parentheses. ∗ , ∗∗ and ∗∗∗ 
indicate 10%, 5% and 1% significance level. MS, QA and Rev. denote market share, Quality-Adjusted 
and Revenue respectively

Dependent variable: 
Log Sales

QA-productivity Rev. productivity De Loecker (2011)

(1) (2) (3) (4) (5) (6)

Log Labor 0.117*** 0.122*** 0.161*** 0.165*** 0.229*** 0.235***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Log Capital 0.040*** 0.034*** 0.048*** 0.044*** 0.068*** 0.062***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Log Materials 0.484*** 0.468*** 0.837*** 0.830*** 1.187*** 1.176***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Tariffs −0.109*** −0.064*** −0.219*** −0.187*** −0.165*** −0.143***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Log Domestic MS 0.429*** 0.435***
(0.000) (0.000)

Importers Dummy 0.067*** 0.051*** 0.038***
(0.000) (0.000) (0.000)

Foreign-Owned 0.104*** 0.079*** 0.055***
(0.000) (0.000) (0.000)

Year FE Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes
Observations 27829 27829 27829 27829 27829 27829
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that efficiency gains from import competition are weaker for foreign-owned firms 
compared to domestic firms. This pattern is consistent for both revenue and DEL 
productivity.

Our results are similar in magnitude with some developing countries studies 
(Topalova and Khandelwal, 2011; Fernandes, 2007), however, it differs from devel-
oped countries studies (De Loecker, 2011; Trefler, 2004). For example, while our 
results using DEL productivity framework imply an average productivity increase of 
1.6% for a 10 percentage point increase in import competition, De Loecker (2011) 
finds weak and insignificant average effects of 0.2% productivity increase for Bel-
gian textile manufacturers for same 10 percentage point increase in import competi-
tion. One possible explanation is that Hungary was an emerging economy in the 
process of integrating with the developed EU, and domestic firms that were less effi-
cient may have taken drastic steps in eliminating inefficiencies in order to compete 
with EU firms, while Belgium is a developed economy and firms were already effi-
cient before the easing of EU-15 textile quotas. Another possible explanation is that 
Belgian textile manufacturers faced competition from textile producers in low-wage 
countries, while the source of import competition in Hungary was from the EU. 
The latter explanation is consistent with Bräuer et al. (2019), which finds produc-
tivity gains from import competition in German manufacturing firms if the sources 
of import competition are high-income countries, and no productivity gains if the 
sources are from low-income countries.

A potential shortcoming of our estimated pro-competitive effects lies in the omis-
sion of import tariffs on intermediate inputs. As Hungary was an emerging economy 
in the process of integration with the EU, import tariff liberalization with the EU 
may have also contributed to productivity growth via improved access to foreign 

Table 5  Effects of import competition on productivity: direct approach

Notes: Same as Table 4

QA productivity Revenue productivity
Dependent variable : log sales

(1) (2)

Log labor 0.038*** 0.047***
(0.002) (0.001)

Log capital 0.115*** 0.162***
(0.004) (0.002)

Log materials 0.456*** 0.836***
(0.004) (0.004)

Tariffs − 0.140*** − 0.235***
(0.007) (0.005)

Log domestic MS 0.460***
(0.001)

Industry year FE Yes Yes
Observations 27829 27829
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Table 6  Effects of import competition on productivity: two-steps approach

(1) (2) (3) (4) (5) (6) (7)

Panel I Dependent variable: quality-adjusted productivity
Tariffs − 0.115*** − 0.129***

(0.012) (0.015)
Lagged 

Tariffs
− 0.108*** − 0.050* − 0.053* − 0.059** − 0.026***

(0.016) (0.029) (0.026) (0.027) (0.009)
Lagged 

Produc-
tivity

0.646*** 0.644*** 0.644*** 0.102***

(0.017) (0.017) (0.017) (0.011)
Foreign 

x Lag 
Tariffs

0.046***

(0.014)
Panel II Dependent variable: revenue productivity
Tariffs − 0.164*** − 0.177***

(0.012) (0.015)
Lagged 

Tariffs
− 0.160*** − 0.065** − 0.068** − 0.076** − 0.029***

(0.018) (0.030) (0.027) (0.029) (0.010)
Lagged 

Produc-
tivity

0.638*** 0.635*** 0.635*** 0.101***

(0.018) (0.018) (0.018) (0.012)
Foreign 

x Lag 
Tariffs

0.057***

(0.018)
Panel III Dependent variable: De Loecker (2011) productivity approach
Tariffs − 0.145*** − 0.169***

(0.010) (0.011)
Lagged 

Tariffs
− 0.151*** − 0.055*** − 0.060*** − 0.068*** − 0.018**

(0.015) (0.018) (0.016) (0.018) (0.008)
Lagged 

Produc-
tivity

0.628*** 0.621*** 0.621*** 0.099***

(0.019) (0.019) (0.019) (0.011)
Foreign 

x Lag 
Tariffs

0.056***

(0.017)
Importers 

Dummy
Yes Yes Yes Yes Yes Yes Yes

Firm FE No No No No No No Yes
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inputs and technology (Halpern et al., 2015). If output tariffs are strongly correlated 
with input tariffs, this poses an identification issue to the empirical strategy. While 
previous literature suggests a strong correlation between input and output tariffs at 
the sector level (Topalova and Khandelwal, 2011; Trefler, 2004), we argue that such 
correlation is unlikely in our setup as we identify output tariffs exposure at the firm-
level instead of sector-level. In Topalova and Khandelwal (2011), the input tariff of 
a focal industry is the summation of the output tariffs of all industries (inclusive of 
the focal industry’s output tariffs) weighted by the fraction of the industry’s output 
used by the focal industry as inputs. Since most industries often use a large fraction 
of their output as production inputs as observed in input-output tables, the corre-
lation between input and output tariffs in previous studies may be driven by this 
phenomenon.

Nevertheless, we have included a dummy that takes the value 1 if a firm imported 
an input and 0 if otherwise, and we also included a 2-digit sector-year fixed effects. 
The imported inputs dummy controls for average productivity growth attributed 
to imported inputs, while the sector-year fixed effects, amongst other things, con-
trols for industry output and input tariffs at the 2-digit level. An ideal strategy that 
ensures consistency with the literature, is to include both the 4-digit industry out-
put and input tariffs in order to isolate the pro-competitive effects from productivity 
gains due to intermediate input tariff liberalization with the EU. Unfortunately, we 
do not observe firms at their 4-digit level industry. However, we observe the imports 
of each importing firm at the 10-digit CN level in each time period. We then con-
struct 2 different measures of imported inputs tariffs and use them in the analysis. 
In the first measure, we take simple averages of 6-digit tariffs on the products that 
each firm imports from the EU in each year, similar to the construction of the out-
put tariffs. We use the average import tariffs directly as a proxy for input tariffs, 
and we compute the effective rate of protection (ERP) by substracting the firms’ 

This table reports the results of the effect of tariffs cut on firm-level productivity. Foreign is a dummy 
that takes a value=1 if firm is foreign-owned and 0 if domestic or state-owned. I excluded firms in indus-
try 34 and 35 (i.e. "Motor vehicles, trailers and semi-trailers" and Other transport equipments) and firms 
with export sales more than 70% of its total sales to ensure that our results are not driven by export plat-
form firms. In column 1–7 robust standard errors are clustered at the industry level in parentheses. ∗ , ∗∗ 
and ∗∗∗ indicates 10%, 5% and 1% significant levels

Table 6  (continued)

(1) (2) (3) (4) (5) (6) (7)

Industry-
Year FE

No Yes No No Yes Yes Yes

Year FE Yes No Yes Yes No No No
Industry 

FE
Yes No Yes Yes No No No

Observa-
tions

27827 27827 19442 19442 19442 19433 19442
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import tariffs from its output tariffs.32 The main concern with this approach lies in 
not observing whether the imports are used as intermediate inputs or for other unob-
served purposes.33 To address this concern, we construct another measure of input 
tariffs by considering only imported items that are classified as either intermediate 
inputs or as capital according to the BEC classification34 and compute the ERP in a 
similar way as above. The result from the first measure of input tariffs is presented in 
Table (7), while that of the second measure is presented in Table (A3) of the online 
appendix.

In columns (1)–(3) of Table 7, we present the results for the case where ERP is 
the main dependent variable, and in columns (4)–(6) we present the case where both 
the input and output tariffs are the main dependent variables using the full data-
sets.35 In all specifications, we find that import competition is strongly associated 
with productivity growth. The coefficients of both the lagged ERP and output tariffs 
are negative and statistically significant across all specifications with the exception 
of the case where we control for firm and year fixed effects. We also find that the 
relationship between import tariffs and productivity to be insignificant across the 
three specifications. In Table (A3), we find very similar estimates to that in Table 7 
across all specifications, thereby providing additional support to the estimated pro-
competitive effects.

We conduct some robustness checks to test the sensitivity of our results to a 
slightly modified specification and data restrictions. This includes using weighted 
average tariffs as the measure of import competition, clustering standard errors 
at the firm level, dropping importer’s dummy and using the full sample etc. In all 
checks, the results are similar to our main results. We present the details of these 
sensitivity checks in the online appendix and supplementary online appendix.

6  Conclusion

This paper provides new evidence on the effect of import competition on manufac-
turing firm’s productivity in Hungary. By exploiting tariffs reduction on imports 
from the EU during the periods leading to Hungary’s EU accession, we make impor-
tant contributions to the literature.

First, we propose an empirical model for estimating productivity from sales rev-
enue data. The proposed framework integrates the demand-system of the domes-
tic and foreign markets with the firm’s supply-side, and derives a new productivity 
estimation equation which nests revenue productivity equation and the estimation 

32 The correlation between this measure of input tariffs and the output tariffs is 0.11 and the scatter plot 
is shown in figure (S1) of the supplementary online appendix.
33 For example, firms could be importing safety equipments such as helmets, gloves etc. which are not 
direct inputs into production.
34 Classification by Broad Economic Categories. More details can be found on this webpage https:// tulli. 
fi/ en/ stati stics/ bec- goods- class ifica tion.
35 By restricting the data to firms that imported from the EU, our full sample reduces from 39,126 obser-
vations to 30, 155. We use the entire sample in this estimation.

https://tulli.fi/en/statistics/bec-goods-classification
https://tulli.fi/en/statistics/bec-goods-classification
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equation proposed in De Loecker (2011). This framework was introduced to over-
come estimation bias associated with revenue productivity when firms are export-
ers and can be easily adapted to other settings where productivity is estimated from 
sales revenue data.

Second, we apply the model to our data. While most related studies approximate 
firm-level average tariffs with a 3- or 4-digits industry level tariffs, we use highly 
disaggregated dataset and construct average firm-level tariffs using tariffs on 6-digit 
products manufactured by the firm. This unique dataset enables us to control for 
industry-time fixed effects while exploiting the variation in average firm-level expo-
sure to import tariffs reduction on productivity. This strategy offers better identifica-
tion as it overcomes some potential endogeneity concerns in existing studies.36.

We find that import competition has a strong effect on productivity, even after 
controlling for unobserved firm-fixed effect, time-varying industry effects, average 
input tariffs, and general economic conditions that affect all firms. We also find that 
this effect is stronger when we use revenue productivity as our measure of efficiency 
compared to when quality-adjusted productivity is used. In addition, we find that 
this effect is in general weaker for foreign firms compared to domestic firms.

Table 7  Effects of import competition on productivity

This table reports the results of the effect of tariffs cut on firm-level productivity for all firms including 
firms in "Motor vehicles, trailers & semi-trailers" and Other transport equipments sector and firms with 
export sales more than 70% of its total sales. Robust standard errors are clustered at the industry level in 
parentheses. ∗ , ∗∗ and ∗∗∗ indicates 10%, 5% and 1% significance level

Dependent variable: 
Quality adjusted 
productivity

(1) (2) (3) (4) (5) (6)

Lagged ERP − 0.055** − 0.058** − 0.046
(0.021) (0.021) (0.045)

Lagged tariffs − 0.054* − 0.058* − 0.025
(0.030) (0.030) (0.053)

Lagged input tariffs 0.060 0.060 0.113
(0.044) (0.039) (0.096)

Lagged productivity 0.686*** 0.685*** 0.403*** 0.686*** 0.685*** 0.403***
(0.021) (0.021) (0.030) (0.021) (0.021) (0.030)

Industry FE Yes No No Yes No No
Year FE Yes No Yes Yes No Yes
Industry-year FE No Yes No No Yes No
Firm FE No No Yes No No Yes
Observations 22323 22323 14630 22323 22323 14630

36 Such as unobserved industry lobbying or domestic policies. See Mitra et al. (2002) and Goldberg and 
Maggi (1999) for empirical findings on industry lobbying for trade protection in a developing and devel-
oped country respectively. See Grossman and Helpman (1994) for theoretical findings.
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Further work on the underlying mechanisms would be an interesting direction for 
future studies. Existing studies highlights the importance of competition on manage-
rial practices which in turn improves efficiency (Bloom et al., 2015).

Supplementary Information The online version contains supplementary material available at https:// doi. 
org/ 10. 1007/ s10290- 022- 00472-3.
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