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Abstract

As part of the Single Market Program the Europeamm@ission commanded the
liberalization and regulatory harmonization of itigls, transport and

telecommunication services. This paper investigathsther and how this process
affected the productivity of European network firnExploiting the variation in the

timing and degree of liberalization efforts acrossintries and industries, we find that
liberalization increased firm-level productivity tomiad no reallocation impact. Based
on our estimates, the average firm-level produgtigain from liberalization amounts
to 38 percent of the average total within-firm proglvity gain in network industries.

The results underscore the growth-promoting roligbefalization efforts.

Abstrakt

Jako soudast programu jednotniho trhu, Evropska Komisgidila liberalizaci a
harmonizaci regulaci sektortilit, dopravy a telekomunikaich sluzeb. V tomto
¢lanku zkouméame jestli a jakym @gobem tento proces ovlivnil produktivitu firem v
Evropskych giovych odwtvich. S vyuZitim variace vcasovani a rozsahu
liberalizainich snah mezi krajinami a sektory jsme zjistig lberalizace zvysila
firemni produktivitu, ale netha realok&ni vliv. Na zaklad naSich odhad primérny
rast firemni produktivity zpsoben liberalizadfinil 38 procent celkového pmérného
rastu firemni produktivity v sbvych od¥tvich. Tyto vysledky zdraziuji
proristovou roli liberalizanich snah.
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1. Introduction

In advanced economies, services grow continuoudligeir importance as final goods
and also as inputs in productidrin view of their potential to strongly affect
economy-wide performance, the European Commisskbended its Single Market

Program to services. In this process, the Commissmnmanded the liberalization
and harmonization of services regulation among Etue member countries. The
reforms were first implemented in network servigedustries: telecommunications
and post, transportation and utilities. Such agygpiriority stemmed from the fact that
network services were highly regulated and oftemopolized in the EU. As services
provided by network industries are essential inpatsether industries, the European
Commission envisaged a large scope for gains thautgthe economy from

increased competition. While a single market fovises is currently incomplete and
subject to active policy debates, the scope fodycbvity gains from such regulatory

efforts remains largely unknown.

In this paper, we investigate the impact of thedgean network services
liberalization on productivity. Specifically, we lkas What is the impact of
liberalization on the productivity of European netWw services firms? Has
liberalization improved the allocation of resour@esoss firms by bringing gains in
the production scale of the relatively more produgctirms? What is the quantitative
importance of these margins? While we address itapbpolicy questions we make a
relevant contribution to the literature that exaesitnow competition affects aggregate

productivity.

The building blocks of our identification strategye the following: First,
unlike for other services, the removal of state opmiies and entry barriers for
network industries is mostly complete to date. ®dconve rely on measures of
liberalization that capture the compliance of merdmintry regulations with the
European Commission liberalization commands. Third,put forward an empirical

framework where we identify the impact of liberalibn on within-industry

2 As an illustration, market services in the Eurazan 1970 accounted for 26% of intermediate
production and 39% of value added. Their contrinutincreased to 36% and 50%, respectively, by
2007. This excludes the community, social and pexsservices (NACE codes L to Q) that alone
account for 20% of total production.



productivity moments using cross-country variation the extent and timing of
liberalization® Importantly, we exploit variation due to the EUedei harmonization
principle, while controlling for latent factors thahape policy or productivity

outcomes.

To address these questions, we use a Europeatefrehdataset, which spans
the entire liberalization window (1998-2007). Thaimfindings highlight that the
liberalization induced an important increase imfilevel Total Factor Productivity
(TFP). Namely, the within-firm gains from liberadizon are quantitatively important
as they amount to 38% of the actual within-firm garctivity gains in our sample.
Meanwhile, there is no evidence that the more ptde firms grew

disproportionately more in size due to liberaliaati

Our findings show that institutions that foster qmtition are important for
achieving high productivity outcomes. They are cstest with the view that
regulatory distortions, like product market regiadas, can distort firm-level decisions
concerning investment, employment and technologpaon or innovation), and
thereby negatively affect firm-level and aggregaterformance. Moreover, our
findings support the view that the presence of "badulations across EU members
is an impediment for Europe’s competitiveness andré growth (e.g., see the Sapir
et al., 2004).

In fact, “bad” product market regulations can haparticularly severe
productivity implications in the presence of stragrgwth opportunities, as was the
case with the rapid diffusion of the Informationda@ommunication Technologies
(ICT) in the 1990s (e.g., see Jorgenson et al.>R00deed, the emergence of the
“new economy” triggered a persistent divergencaggregate productivity between
Europe and the United States (van Ark et al., 200#Jtiple studies (e.g., Oulton and
Srinivasan, 2005; Inklaar et al., 2005; Inklaaakt 2008) show that the main driver
of Europe’s underperformance is the poor produgtigrowth of the European
distribution, financial and business services. Ingoaly, these industries are fully

% The observed variation in policy change is dritgrthe initial level of regulation in each counamyd
the policies taken to meet the European commanthdamonization of regulations. See also Section
4.1.



open to competition in the United States, but rentéghly segmented and regulated
in Europe (see Inklaar et al., 2008 and Arnold|et2008 for a review}.In sharp
contrast, Europe maintained its competitivenessmianufacturing and network
services during the ICT episode (Inklaar et alQ&0 Given that manufacturing was
already fully liberalized in Europe by the early9D8, and in view of our evidence of
strong productivity gains from network servicesh@lization in the 1990s, there is an
important scope for productivity gains from exterglithe EU-wide liberalization
program for services.

Our findings are in line with the conclusions cogiiinom earlier studies of
the productivity implications of policy-induced ékalizations. In this stream of
research, multiple studies concern a single coufdry., for the case of trade
liberalization in Columbia see Eslava et al.,, 2008) a single industry (e.g., for
telecommunications in the United States &dley and Pakes, 1996). As such, they
are vulnerable to concerns regarding the endogeokihe liberalization policy or the
external validity of the results. Our approach tbambines multiple industries and

countries reduces these concerns and makes owneeic valuable contribution.

Our evidence in support of the growth-promotingerof competition is also
consistent with the insights from studies that laao the impact of competition on
productivity without exploiting specific regulatorgforms. This is the case in Bloom
et al. (2011) who investigate the role of imporngetition from China for European
firms. For a broader sample of countries, Bartetsraal. (2009) relate the cross-
country productivity differences with market digtons that result in misallocations

of resources across firms.

Finally, it is worth noting that our empirical spigation is very different

from the one based on neo-Schumpeterian modelddaattres in earlier studies of

* In the United States, professional services imikssttook advantage of the growth opportunities
associated with ICT. Specifically, United Statewmes exhibited strong labor productivity due tittb
strong capital deepening, particularly of ICT, atcbng TFP growth (e.g., see Bosworth and Tripplett
2002, Basu et al., 2003).

®> That more competitive services can foster aggeegabnomic performance is further supported by
Barone and Cingano (2011), who show for a samp@BED countries that manufacturing industries
that use services inputs grow faster more intehsiiue countries with lower services regulatory
burdens.



the within-industry productivity impact of servicéiberalization in Europe. In this
line of research, Nicoletti and Scarpetta (2003 wmslustry-level data to investigate
the neo-Schumpeterian prediction that industriesesl to their technological frontier
grow faster in more liberalized markets. They find support that the level of
competition in services has a positive impact agirtbown productivity growth. In
contrast, Inklaar et al. (2008) find evidence ottswa positive effect, when they
restrict their sample to network servi€eBhis underscores the limitations in Nicoletti
and Scarpetta (2003) that captures services libat@in using an Input-Output
weighted average of measures of restrictive regulatfor all services, independently
of whether they are liberalized or fotheir approach introduces a downward bias in
their estimate of the impact of liberalization. bddition, their measure of
liberalization is hard to interpret, as its vawoatidoes not come from removing
regulatory barriers within each specific serviceguistry and is confounded with the
regulatory barriers of other industri&%o overcome such limitations, we focus on the
productivity impact of industry-level regulatory rboars. We also highlight that the
existence of within-industry differences in libezakion across countries provides the
necessary variation that allows the identificatandifferent sources of productivity

gains.

This paper is organized as follows. Section 2 suriz@s the related theoretical
and empirical literature, Section 3 presents outa,d&ection 4 lays out our
methodology, Section 5 presents our results antidde6 concerns our robustness

checks. Finally, Section 7 concludes.

2. Theoretical Considerations and Hypothesis Developme
The removal of industry distortions, like regulatentry costs or the abolition of state
monopolies, is expected to increase competitiongribms. Models of industry

equilibrium with firm heterogeneity highlight thatich a liberalization policy would

® See also Boylaud and Nicoletti (2001) for telecamivations alone.
" A similar argument is discussed in Inklaar e(2008).

8 Similar arguments apply to Arnold et al. (2008honestimate the within-firm productivity gains from
liberalization



affect industry productivity through three distinchannels: first, the within-firm
productivity growth for the continuing firms in thedustry that corresponds to the
intensive margin of aggregate productivity; secathe, within-industry productivity
growth across firms’ reallocation of resources,,dapor and output shares and third,
the selection mechanism, meaning the entry anddexisions of firms. The latter two
channels correspond to the extensive margin ofemgdge productivity growth. Even
though theory is clear about the margins of contipatiimpact on aggregate
productivity, it bears mostly confounded prediciorgarding their direction.

In particular, there are ambiguous theoretical iotemhs regarding the
ultimate direction of the within-firm growth charneThis is because higher
competition can affect firm-growth in a number ohys that can go in opposite
directions. First, continuing firms decide to exgatheir production capacity via
physical investment. Alesina et al. (2005) show thgh competition results in lower
profit margins and thus lower shadow price of alpitwhich increases firm
investment rate. However, this result is challengedthe presence of formerly
government backed monopolies that tend to haveficraitly large production
capacity’

Second, competition impacts the TFP of incumbergsabse it affects
incentives to adopt new technologies or innovatsemoglu et al., (2006) show that
for firms that are away from their industry’s teokogical frontier it is optimal not to
innovate, but instead adopt the best-practice tolgres. For such technologically
laggard firms, competition creates stronger ine@stito invest in the adoption of the
frontier technologies (see Parente and Prescd)190 the contrary, for firms that
are close to their industry technology frontier gatition bears a non-linear effect on
their innovation decisions and thereby growth (Aghand Howitt, 1998; Aghion et
al., 2005).

In particular, the neo-Schumpeterian models hidptlighat innovation
incentives are driven by the difference betweenimpmevation and post-innovation

rents. If competition reduces pre-innovation reittg)creases the incremental payoff

° Similarly, theory does not provide clear guidamegarding what to expect from the impact of
competition on the capital intensity (capital-laiatios) of firms.
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from innovation and encourages innovation as a meéfescaping competition”. In
contrast, if competition reduces post-innovatiomtse it discourages innovation
through the standard “Schumpeterian effect”. Thegay an inverse-U relationship
between competition and innovation activity witham industry, i.e., increased
competition would have a positive impact on indgstnovation only for low levels
of initial competition. The results further hightigthat the peak of the inverse-U
relationship will occur at a higher degree of cotitfws level in more “neck-and-
neck” industries, i.e., where firms already comp#tsely. Therefore, removing entry
barriers in industries with very low or no competit is expected to cause higher
innovation and thereby growth. The effect should Higher the more increased

competition reduces pre-innovation rents.

An additional explanation why competition can fost&hin-firm productivity
is provided by the “trapped factors” hypothesisBéddom, Van Reenen and Romer
(2010). The “trapped factors” refer to inputs, likeman capital skills, that are highly
firm-specific. When a firm faces higher competitionproducing low-tech products,
then the opportunity cost of its trapped factoflsfaAs a result, when the incumbent
firms can innovate more easily than its competjtdhen it has an incentive to

reallocate its factors towards innovation and tfeelpction of high-tech goods.

Finally, firms can grow due to an improvement ieithmanagerial quality”
The impact of competition on managerial incentii®&mbiguous in environments
featuring asymmetric information/moral hazard peoh$ (see Nickell, 1996, for a
review). On the one hand, competition can increas@agerial effort and reduce
slackness, either by increasing the threat of fiquidation or by an improvement in
the quality of the manager’s monitoring. The lattedue to the fact that competitors’
performances offer owners additional sources oformation for aggregate
productivity shocks. On the other hand, manageniantives worsen if managerial
compensation packages are aligned to firm prdias are eroded by competition (see
Vickers, 1995). Schmidt (1997) consolidates thggeosing effects of competition to
show that starting from the state of monopoly, ¢hisra U-shaped effect of higher

competition on managerial slackness. If managesiackness results in lower

19 see Bloom and Van Reenen (2007) regarding theriapoe of managerial practices for firm-level
productivity.



productivity, this suggests a nonlinear effectibétalization on firms with initially

different levels of productivity.

A heterogeneous effect of liberalization acrosmgircould be also driven by
regulations that are explicitly tied to firm size loy aggregate regulations that can
have asymmetric effects across firms in the preseficadditional market frictions,
like those relating to capital or labor inputs (esge Guner et al., 2008). For example
Beck et al. (2005) provide evidence that industwés a higher share of very small
firms in the United States grow faster in countneigh more developed financial
systems, suggesting that small firms face highersitaints in obtaining external

financing.

Turning to the remaining margins of industry praulity, it is worth noting
that in a frictionless environment, in the spiritlaucas (1978), firm size should be
perfectly correlated to firm productivity. Thus, yamleviations from the optimal
allocation of resources across productive units tdueegulatory costs would distort
aggregate productivity downwards.Indeed, a reduction of entry costs in static
models of industry equilibrium with heterogeneoum$ implies a positive within-
industry reallocation of resources across firmse (ddelitz, 2003; Melitz and
Ottaviano, 2008). This is because as a respongbetdower entry costs there is
increased firm entry, so that a higher number whdi compete in the market. This
results in lower average markups and profits, s the productivity cut-off for
surviving in the industry increases in the long:-run other words, increased
competition induces the least productive firmssa and shifts resources towards the
most efficient firms in the market. As a resulguistry productivity increases.

While the selection margin is clearly predicted cantribute positively to
industry productivity in the long run, this is no¢cessarily the case in the short run.
The transition dynamics of the Melitz (2003) modeggest that in the short run the
productivity of the entering firms is lower thanfe the removal of entry barriers, as

" There is a large and growing literature that latités low aggregate productivity to differenceshio
misallocation of resources within/across firms (Bamerjee and Duflo, 2005). This line of research
highlights the role of aggregate or firm-specifaipy-driven distortions in creating the scope $oich
misallocations, particularly in environments withnf-heterogeneity in productivity (e.g., Hsieh and
Klenow, 2009, Bartelsman et al., 2009, Guner e28l08, Restuccia and Rogerson, 2008).
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the firms that enter are the initially “marginalh@s that were previously deterred (a
similar argument is featured in Branstetter et 2010). At the same time, there are
dynamic models of industry equilibrium, like vineagapital or neo-Schumpeterian
models where it is shown that entrants have thengést incentives to be on the
technological frontier. All this discussion suggetttat the role of selection is open to

empirical investigation.

To summarize the empirically testable predictioesivetd from the theory:
Competition can affect within-firm productivity axtmes, but the predicted direction
of its effect is not clear. Moreover, higher comipat is predicted to induce the more
productive firms to grow in size and enjoy highearket shares. The number of
entrants and number of firms in an industry is expe to go up while there are
ambiguous predictions about their productivity itlyncompared to the average firm

in the liberalized industry.

We are able to investigate the direction of withim productivity impact of
liberalization and test the hypothesis of the pesiteallocation of resources. Due to
our data limitations that are illustrated in théldeing section, we are not able to

investigate selection through exit and entry aasonable level of precision.

3. Data and Sample

3.1 The OECD measure of product market regulationn network services: The
“ETCR”

Starting from 2001, the OECD produces indicatorprofiuct market regulation—the
“ETCR” indexes—for the network services: telecomigations and post, railways,
road freight, airlines, electricity and gas. Thelustry-level indicators are broadly
available for 21 OECD countries and cover the pei®75-2007. Details about the

construction of these indexes are in Conway and|Biiti (2006)*2

2 For detailed documentation and recent data updase® the OECD webpage:
http://www.oecd.org/document/36/0,3343,en_2649 3433790244 1 1 1 1,00.html.
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The ETCR index for each industry is a quantitatmeasure that ranges
between 0 and 6, “reflecting increasing restricie®s of regulatory provisions to
competition”. The construction of the industry-Ie¥# I CR indexes is based on two
principles. First, the regulations in each industoyntry are judged in terms of their
restrictiveness only in areas where the regulatimory and technological features
suggest that there is scope for market competifiberefore, an industry ETCR index
does not judge regulatory outcomes in cases ofufaatmonopolies”, i.e., large
economies of scale. This principle is particulamportant for the network services
that are the subject of our study. Second, the simghlevel ETCR indices are
constructed on the basis of qualitative informationthe Regulatory Indicators
Questionnaire provided by national governments 8199003 and 2008) and
complemented by OECD and other international omgiuns data. Hence, these
indicators are in spirit fully “objective measuresf’ competition that aim to capture
the stance of the regulatory environment in a gigeantry-industry with respect to
promoting market competition. This makes the messof restrictive regulations we
use robust to any bias related to local market itimmd and the stage of the business

cycle!?

Finally, the ETCR indexes cover a number of reguiaireas summarized
using more disaggregated indexes of product maekgtlation. The regulatory areas
for network services are barriers to entry, pulolenership, price controls, market
structure and vertical integration. The industreafic indicators differ in terms of
which of these regulatory areas are covered, agyldhe summarized in Table Al of
the Appendix. This cross-industry variation refietite relevance of each regulatory
area for a particular industry. In this regardsitvorth noting that regulatory barriers
to entry and public ownership are the two areas #@nauniversally covered. The
areas of market structure and vertical integragignmeant to capture the enforcement
or effectiveness of the regulations as they retleetdimensions of the actual industry

competition stance.

3 Such a bias is a concern in the case of “subjgttiempetition measures that are based on individua
responses to surveys. For a detailed discussidtimeofelevant advantages of the “objective” measures
see Nicoletti and Pryor (2006).
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We summarize the information on product marketribeation for each
industry-country at two levels. First, we use thedéx of Overall Liberalization”
(IOL) that includes information on barriers to gnand public ownership only. We
leave out the lower-level indexes that capture miarktructure and vertical
integration, because they are prone to be contaedray factors that are endogenous
to drivers of industry-performance. Second, we @ypthe “Index of Entry
Liberalization” (IEL) that concerns exclusively entregulation. We examine in
isolation the role of entry regulations becausg tie¢er solely to the de jure elements
of the regulatory environment. In contrast, theoinfation in I0OL regarding state
ownership share is indicative of incumbent marketvgr and effective barriers to
entry, and as such it captures also de facto elenwérthe competition environment.
To ease the interpretation of the results of oupidoal investigation, we measure
both indices on scale of 0 to 6, where 6 correspdodhe most liberalized marked

and 0 to the most regulated market.

To facilitate the intuition for how a unit-change llOL maps onto changes in the
regulatory environment of the industry, consider tbllowing hypothetical scenario
for the case of telecommunications. Assume thatritiestry started with the highest
degree of regulatory barriers and presence of magopOL score 0. A one-unit
improvement for such a telecommunications industiguld require that “legal
conditions of entry into the trunk, internationaldamobile telephony” changed from
“franchised to 1 firm” to “franchised to 2 or mofiems”. A full removal of entry
barriers, i.e., a change in such legal conditien¥ree entry” would cause a six-unit
change in IEL but a three-unit change in IOL. TH@, can increase by more than
three units only if the removal of entry barriers accompanied by a reduction in the
percentage of public ownership “of shares of thegdat firm in the mobile
telecommunications sector” and in “public teleconmmgation operator” by at least

50% of their initial level on averadé.

4 The average four-year change in IOL amounts t6 @dints in our sample. The IOL is an equal-
weights’ average of public ownership and entry sutiees, for which the average four-year change is
0.95 and 0.39%espectively. Thus, more than two-thirds of theestaed change in IOL is driven by the
change in the entry sub-index.
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3.2 Firm-level data

In order to track the contributions of individualoducers to the dynamics of the
productivity of an industry, we use Amadeus, a pesmn—-wide, firm-level dataset. It
is compiled by Bureau Van Dijk (BvD) by harmoniziegmpanies’ annual reports
obtained from various European vendors. The keamidge of Amadeus for our
purpose is that it covers both public and privadenpanies of all size categories

across all industries for most countries.

Amadeus is available in multiple updates that adfdrmation over time.
Every update contains a snapshot of the currentlyeapopulation of firms as well as
up to the 10 most recent years of firms’ finandaila (if available). Also, a given firm
is present in Amadeus as long as it provides itanitial statements; however, it is
kept in the database only for four years aftetass filing. For example, a firm that
files financial statement in 2002 but stops filing2003, remains in the database until
2006. In 2007 the firm is dropped from the sampié all year entries of the firm are
taken out of the Amadeus database. Given this freauAmadeus, we construct our
dataset by combining several updates, specifiéW§{p updates from May 2002 and
May 2004 together with updates downloaded from WRD3uly 2007, April 2008,
August 2009 and February 2010. This procedure allogvto add back observations
for firms that are not present in more recent ugslafhe key advantages of this
procedure are that first, it eliminates the survib@s inherent in a single-update data
and second, it extends firms’ historical accountitaga beyond the most recent 10

years.

We use also the EU KLEMS database in order to nltauntry-sector specific
output and intermediate inputs deflators with theeyyear being 1995. EU KLEMS
uses the two/three digit NACE rev. 1.1., which isdaler than the classification of
industries in this study. For this reason, we rteagse the same aggregate deflator for
all industries within a given EU KLEMS two/threegdisector. The correspondence
between the EU KLEMS sectors and the network intasstor which OECD reports
ETCR indexes is summarized in Table A2 of the Apiren

12



3.3 Final sample

To construct our final sample from Amadeus, we tfiselect all firm-year
observations in the industries of interest for whibe values of revenues, fixed
assets, material costs and employment variablesammissing. When the total wage
bill is available, but employment is missing, wepute employment as the ratio of the
total wage bill over the average wage of the cpwading industry. The latter is
estimated as the simple average of wages calcutatedfirms in the same industry-
year that report both the total wage bill and emplent. Next, we drop all
observations of firms with less than 20 employsese their reported information is
often missing or likely unreliable. Then, we drdpservations in the top percentile of
employment and revenues distribution as it is YVikéhat these correspond to
conglomerates operating over many markets thatldoiak our results. Last, we drop
the Netherlands, Luxemburg and Slovakia, countfeeswhich there are too few

observations.

Table 1 reports the descriptive statistics for gakdded per employee,
employment and IOL for our final unbalanced santplt spans 6 network services
industries over the period 1998-2007. There istankial cross-sectional variation in
labor productivity and employment for the medianmfiin our sample. Labor
productivity is the highest for the median firmsHrance, Germany and Austria, with
Sweden following closely. At the bottom end of lalpooductivity feature the former
transition countries (the Czech Republic, Hungarg Roland). Countries differ also
in terms of the level of restrictive regulations threir network industries in 1998:
France and ltaly, together with the group of forrtransition countries, are among
those with the most restrictive regulations in 1988 2007, however, the regulatory
environments of EU countries had converged. Indé&athle 2 shows that countries
that started as the most restrictive are the dreseikxperienced stronger liberalization
over the sample period. The group of highly libeed industries involves
telecommunications, gas and electricity services.tli contrary, post and railways

are among the least deregulated industries.

Table 3 reports the descriptive statistics acrodsstries in our sample. Airlines,
electricity and gas services have the highest meldibor productivity, presumably

because of the high capital intensity of these stiies. Median firm size appears to

13



be more balanced across industries, and it is igbebkt in the transportation
industries, airlines and railways. The electridgitgustry is the one most represented

in our sample.

4. Methodology

4.1 ldentification strategy: The European Union legal famework for services
liberalization

The crucial assumption for the identification ofetleffect of liberalization on
productivity is that the EU-wide regulations aimegdiberalization are not driven by
local market and growth conditions. This is ensupgdthe EU legal structure. In
particular, all liberalization policies that arerpaf the EU’s Single Market Program
are based on a series of Directives that are apgdrdy majority voting in the
European Parliament. Directives set out the ohjestiand timeframe of reforms.
Such reforms are based on the need to ensure Emdgeel outcomes and are thus
independent of country-specific circumstances. daponse to the EU Directives,
member countries design their own policies to lluthe reform goals by the set

deadline.

Services Directives concern reformsliteeralize and harmonizeegulatory
frameworks for services among European Union mesfddrey timely followed the
liberalization of manufacturing industries in th@90s, and were largely viewed as a
further step towards the fulfillment of the goaflstime 1993 Single Market Program
for goods™ Services liberalization is consistent with the &&an Common Market
key goal to establish “a single market for goodd services by removal of physical
and regulatory barriers”. The ultimate goal is ts@e competitiveness and sound
long-run growth prospects for Europe. In this pescethe European Commission
prioritized the liberalization of network servicdscause of their key importance as
inputs for manufacturing. An additional driver thie case of telecommunications was

the strong growth opportunities envisaged in retato ICT. It is worth highlighting

5 This is because of evidence that performance inufaaturing can be constrained by services
performance (see Ten Raa and Wolff, 2001).
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that the removal of entry barriers for servicepasticularly important for ensuring
competition in such markets. This is because threylargely non-tradable and, as

such, there is a limited scope for increased comnpetia imports.

Therefore, in view of the features of EU-wide regigns outlined above, we
can argue that industry-specific liberalization orefs during the liberalization
windows of the Directives are not initiated based iodustry-country specific
conditions and productivity prospects. The incneggsiompliance of countries to the
EU Directives for network services liberalizatismsummarized in Figure 1.a. In our
data, there is both a positive trend of IOL acrBts member countries as well as
indications of shrinking cross-sectional variantee developments of the median
IOL reflect market developments in the electricibgustry, which is the median
industry in our sample. There, the first and secBhdElectricity Market Directives
were issued in 1996 and 2003 respectively, withaasposition deadline in 2007. A
detailed exposition by industry and country is odte by Figure 1.b (complemented
by Table 2).

Our approach is potentially vulnerable to skepticisegarding whether
differences in the degree and timing of compliaaceoss countries/industries are
driven themselves by local market or growth coodsi For instance, related to the
implementation of Electricity Directives, Jamashl d&ollitt (2005) explain the poor
performance of Spain and ltaly, arguing that refgutaappeared “weak in the face of
established incumbent company interests” (seetsachmarking reports by the EU).
We address such concerns in Section 5.2 appealipigcidy to the harmonization
principle.

4.2 Measures of productivity

To investigate the impact of liberalization on pwotivity we estimate firm-level
Revenue Total Factor Productivity (TFPR) that cegguthe efficiency of a firm in
generating sales using its inputs and the indusgiegific technology. We recover
three measures of TFPR: the logarithm of reventas tactor productivity estimated
by ordinary least squares (TFPR OLS), the logaritbinrevenue total factor
productivity estimated by Levinson and Petrin (TFRR) and the Wooldridge-

Levinsohn-Petrin (TFPR W-LP) estimator.
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To estimate all measures of TFPR, we use deflatitsb sas a measure of
output, material inputs measured as material aefiated by the intermediate inputs
deflator, capital approximated by the book valudix#d assets, and labor measured
by the number of employees in a firm. Assuming @austry-specific logarithmic
Cobb-Douglas production function in capital, lalaod materials, TFPR is calculated

as the residual of the estimated industry prodadtimction.

There are potential sources of bias when estimatipgoduction function.

The unobserved productivity shocks known to a fama likely to contemporaneously
affect its input choice, which introduces a “sinankity bias” to the estimated
parameters of the industry-specific production fiorc™® This suggests that when the
production function parameters are estimated uSib§, the estimates are subject to
a positive bias. This is particularly the casetfue estimated parameters on flexible
inputs, such as materials. To deal with the simeity bias, a number of alternative
estimators have been proposed in the literatuee Eberhardt and Helmers, 2010 for
a recent review). The most popular estimators lamse by Olley and Pakes (1996)
and Levinsohn and Petrin (2003). The Olley and P#k896) estimator is based on a
set of structural assumptions about the timing @fma’s input choices and their law
of motion over time, as well as on the assumptibou& the firm’s productivity
process. Specifically, this approach assumes tpatat takes (a one-period) “time-to-
build” and that productivity follows a first-ordeévlarkov process. In this setting,
investment is strictly monotonic in the firm’s cegiand productivity. Inverting this
relationship allows controlling for the unobseny@adductivity shock using a general
function of the observed capital and investmentheffirm. As such, this estimation
method requires data on capital expenditures, waiemot reported in Amadeus. The
Levinsohn and Petrin (2003) estimator is basedimias structural assumptions, but
is less demanding on data information. Productisitgcks are controlled for using a
function of capital and intermediate inputs, whagle available in our firm-level data.

Using intermediate inputs to proxy for unobserveddpctivity shocks avoids the

16 Additionally, using a balanced panel can introdsekection bias, if there is no allowance for entry
and exit. As discussed earlier, our sample doesuftgr from such a bias by construction.

16



imputation of capital expenditures series from siteck of capital’ Thus, as the
second measure of TFPR, we use the one estimaitegl the Levinsohn and Petrin
(2003) approach and we label it ‘TFPR LP’.

To the extent that there is collinearity betwedrolaand the non-parametric
function of capital and materials that proxy foe timobserved productivity shock, the
Levinson and Petrin (2003) estimator may fail tentify the production function
parameters of the variable inpdfs-or this reason, we also estimate firm produgtivit
using the one-step GMM formulation of the Levinsamd Petrin (2003) estimator
proposed by Wooldridge (2009) that is robust tg ghotential bias. In addition, the
GMM framework provides efficiency gains and allowexovering robust standard
errors. In our application, we use a formulationwhich unobserved productivity
shocks are approximated by #-8rder polynomial in material spending and capital.
Following De Loecker (2011), we estimate an induspecific, value-added
production function in order to ensure the ideadfion of the perfectly variable
material input. The double-deflated value addedalkulated as deflated revenues
minus deflated materials, obtained using the appat® industry deflators. The

resulting productivity measure is labeled ‘TFPR \R-L

As a final note, since Amadeus lacks firm-levebmfation about prices, our
estimates of production function parameters arematly subject to an “omitted
prices bias”. If there is a correlation betweenuiispand firm-level price deviation
from the industry-level price index, Klette and l&hes (1996) show that the omitted
prices translate into a negative bias of the eséchacale elasticity. This suggests that
any TFPR measure would deviate from physical prodte due to price dispersion
and the bias in the scale elasticity. This implikat, when we are interested in
estimating the impact of liberalization on firm-&vproductivity, the estimates
confound the impact of liberalization on the actfiah-level physical productivity
with its impact on the dispersion of prices acrasss and demand conditions.

" Moreover, compared to Olley and Pakes (1996),guie Levinsohn and Petrin (2003) method is a
way to avoid dropping observations with zero inmestt and thus utilize the full sample.

18 The collinearity is due to the fact that, as atiroglly chosen input, labor is likely to also be a
deterministic function of the unobserved produtyivand capital (see Ackerberg et al., 2006, for a
detailed discussion).
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De Loecker's (2011) proposed solution for this biasthe structural
estimation of the production function, while comatiing for shifts in the CES-based
firm residual demand. His identification of the demd parameters relies on the
differences in variation in aggregate-level (seguetustry) output and firm-level
(product) demand shifts stemming from policy chanmgdais case tariff liberalization.
To disentangle the effect of policy change on potigiity from that on demand
conditions, he further assumes that a policy chasigéis the firm-level residual
demand instantaneously and it affects firm-levadpictivity only with a lag. His
strategy is not applicable in our setting since ltheralization index (IOL or EOL)

does not vary at the firm level, but only at themiy/industry level.

In this context, it is worth noting that, if Eurape network services
liberalization was successful in increasing comjuetj then average prices (mark-
ups) and their dispersion would fall over time.d'm turn suggests that our estimates
would tend to underestimate the productivity impattliberalization (a similar
argument is found in Syverson, 2011). In an atteim@ixplore the importance of this
bias for our baseline regressions, we have examitied relation between
liberalization and firm-level price-cost margins wur samplé? We find no
systematic relation between them, which is in lwvith existing evidence regarding
the absence of the impact of European networksdilzation on prices and their
dispersion (see Fiorio and Florio, 2009 and theiemevtherein}’® Overall, this
evidence suggests that there is no systematicdaiasng from mark-up and price
dynamics. Therefore, mark-up and price dynamicsdconly introduce pure noise in

our TFPR measures, and our estimates could beytifimg, downward biased.

As a further way to check the robustness of ouudltesto using alternative
productivity measures, we also report results &wol productivity measured by the
logarithm of value added per employee (In(Va/Emplable A3 shows the
correlations between different measures of prodiigtiin our sample. The

19 We approximate price-cost margins by the earnibgfore interest, taxes, depreciation and
amortization divided by sales, following Aghionadt (2005). The regressions of price-cost margims o
IOL are available upon request.

20 A number of European Commission evaluations aadatle at:

http://ec.europa.eu/economy_finance/structural rre$éproduct/network_industries/index_en.htm.
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correlations are reasonably high, even though ties between TFPR OLS and other

productivity measures are lower.

4.3 Within-firm productivity change of incumbents

To explore the within-firm productivity gains fronthe network services
liberalization, we investigate the relationship viieg¢n the firm-level productivity
growth and liberalization in the firm’s industry. aVaccount for time-invariant
unobserved heterogeneity at the country/industvelJeoy means of controlling for

country and industry fixed effects.

The fixed-effects and first-differences models caften lead to an
attenuation bias. This is particularly the caseattings where the exogenous variable
of interest is highly auto-correlated and wherecontes are expected to respond to
changes in conditions over a longer period of tifi@is is because, even when the
exogenous variable of interest is precisely meakute variation over short time
periods may only poorly approximate the incentivals firms to adjust their
productivity. Thus, first differencing eliminatesost of the useful information about
true incentives to adjust and results in inconsiséstimates (see McKinnish, 2008).
This is a potential issue in our setting since wingate the productivity response of
firms to changes in regulatory policy that is higbbrrelated in time. In our sample,
the autocorrelation of the liberalization index s73** We therefore follow the

literature and use instead a long-differences edgtinthat tackles this source of bias.
Formally, our baseline regression model can bedtas:
Apgscie = BALibgie + Xcir + &pice, (1)

where A denotes the long-difference operator, which cpoeds to four-year

differences in our baseline specificatfrfcit is the index of observation for firyfi

2L Calculated by regressing the liberalization indexfirm fixed effects and applying the Baltagi and
Wu (1999) procedure for testing for the autocotrefaof residuals in unbalanced panel data.

22 The exact choice of the number of years is subiec trade-off between the attenuation bias
resulting from using a too-short period and a rédadn sample size resulting from a too-long pério
We obtain similar results when using 3- or 5-ya#ferences.

19



in countryc, industryi and yeart; pg. is a firm-level productivity measure and
Lib.;; 1s the index of liberalization in country-industygar, IOL or IEL. Finally, the

vectorX,;; denotes a set of country/industry/year contfdls.

In order to control for country-specific aggregaends and shocks, such as
the catch-up process of the new member stateseodifferent timing of country-
specific reforms and financial conditions,;; includes the full set of country-year
fixed effectsd,... Furthermore, including., mitigates worries that our estimates are
affected by the spillovers from other reforms thet simultaneous to the network
services liberalization of a given industry, whigbuld be a concern if countries were

implementing reforms in the form of reform packages

Vector X.;; contains the full set of industry fixed effecis capturing
differences in industry-specific average trends.thé liberalization efforts were
correlated with unobserved industry-specific glopawth opportunities in the cross-
section, our estimate gfwould be biased upwards. Thus, in the model withuished
country-year and industry fixed effects, the caeédint of interest is identified from
the different timing and magnitude of the liberatisn across countries within same

industry.

In an alternative specification, we control for beerved differences in
country-industry specific trends by replacing inttydixed effectsd; with the full set
of country-industry fixed effectd,;. The country-industry fixed effects absorb all
differences in the average trend of productivity the country-industry level.
Therefore, their inclusion considerably reducesvégation that can be used for the
identification of 8. Notably, if the pace of the liberalization werenstant over the
whole sample period in any given country-industiyster, the coefficient would

not be identified.

Finally, we extend the specification by includimglustry-year fixed effects
Ait. Controlling for A;; mitigates concerns that the timing and scope & th
liberalization by local authorities might be affedt by industry-wide global
productivity shocks (common across all countries).

% The set of included contral,;; correspond to already differenced variables.
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Taken together, in our preferred specification, eeatrol for country-industry
fixed effectsA.;, country-year shocks., and industry-year shocky;. Thus, given
the use of the four-year differences estimgfois identified only from differences in
the dynamics of productivity change in periods ansicant liberalization and
periods of low liberalization, while controlling fccountry-specific and industry-
specific shocks.

4.4. Reallocation of market share between incumbents

To explore the reallocation channel, we investigaeedifferences in the employment
growth of firms in the same industry that differ tineir lagged productivity* As
discussed in Section 2, the theory predicts thiagerdlization that strengthens
competition causes inefficient firms to shrink aadtbws the more efficient firms to

increase in size relative to the average firm anitidustry.

To test this prediction, we estimate the four-ydiffierences model of employment
growth of the form:

Aemplscir = a ALibgie + B ALibeiy X Dfict-a +V Prict—a + Xcie + Epice,  (2)

whereAempls.;; stands for the change in employment betweentyaad yeat-4. If

the liberalization has a positive effect on aggtegaroductivity through the
reallocation channel, we would expect coefficigrib be positive, indicating that the
employment of productive firms is increasing digmuionally more than the

employment of relatively less productive firms.

As in the case of specification (14,;; includes country-year, industry-year and
country-industry fixed effects in order to contfot country and industry shocks and
country-industry average trends. The sources dftifilgation are same as in case of

specification (1).

24 We focus on reallocation in terms of variable itspias output/revenues shares would become
vaguely defined in increasingly integrated Europesarkets. In this way we also make our results
directly comparable with earlier studies regardthg reallocation impact of increased competition

(e.g., Bartelsman et al., 2009). Besides, employrgeswth features among the key policy objectives

of the European Union and is pervasively used &duatte the success of its Internal Market reforms.
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5. Results

5.1. Main results

We present our main estimation results concernirggitpact of liberalization on
within-firm TFP productivity and cross-firm allogah of resources.

Table 4 presents the results on the impact ofdiation on the four-year
average TFP change at the firm level. Panel A pteghe results of regressions for
the four-year change in IOL and Panel B presenédogous results for the four-year
change in IEL. As discussed in detail in Sectidh e former is expected to capture
more features of the state of market competiti@t icumbents face. The dependent
variable in columns (1)-(4) of both panels is oasd&line LP-based estimate of TFPR.
Columns (5)-(7) report the estimates using, respelgt the TFPR W-LP, the TFPR
OLS, and real value added per employee (see SetRdior details).

The within-firm specification in column (1) of Pdrferegresses the average
firm TFP-growth on the change of the liberalizatiodex while using country-year
fixed effects that capture country-level macro $isodhis points to a 6.3% increase
in within-firm productivity due to a one-unit chamg IOL. The regression in column
(2) adds industry fixed-effects to control for pdial bias driven by a positive
correlation between industry-specific trend grovethd liberalization. Indeed, the
estimate reduces in magnitude and is estimated presely. Column (3) controls
for country-industry trends instead of industry @nkn this case, the coefficient of
interest is identified by the cross-country timeiaton in the liberalization of a given
industry and firm productivity outcomes. This cateefor any positive bias from the
differential long-term growth opportunities of tekame industry across countries, due
to, for example, differences in countries’ indudtrstructure. Consistent with this
intuition, the estimate reduces further in colur@h (

In column (4), we add industry-year fixed effedtattcontrol for any policy
and/or technology related shocks that are commaorsadirms operating in the same
industry. As a result, the coefficient of interesiw increases to 6.4%, suggesting a
negative bias in the estimates of columns (1)-(®t tonly partially correct for
industry-specific time-varying factors. The suggesnegative correlation between
our liberalization measure and industry-year fieéfgcts could be due to the fact that
policy makers are more willing to carry out libeézation measures when the industry

is hit by negative technological shocks. It mayoalsapture increased foreign
22



competition driven by overall European-wide liberation. As a means of robustness
checking, columns (5) through (7) repeat the regjoes of column (4) for our
alternative measures of productivity.

Turning to Panel B of Table 4, the estimates oVexaifirm the presence of
within-firm TFP gains from entry liberalization. kontrast to the results in Panel A
for changes in IOL, the estimates are uniformlydo\lon the order of 2.4% for a unit-
change of the index; see column (4)) and broadlakee in significance. The
differences in estimates between the two panetssache same specifications are due
to the difference in the source and degree of wranabetween IOL and IEL. As
discussed in Section 3.1, this difference is arbudhbven by different information
that these indexes include and the fact that IEptwas one particular aspect of
competition that affects incumbent firms only irghtly.

The evidence of strong within-firm TFP gains in TeaB raises the question
whether the initially high-TFP firms also expanded size in response to the
liberalization. As discussed in Section 2, the tiigedicts that liberalization should
improve productivity by improving the allocation oésources across firms in the
industry. This would show up as a stronger coni@habetween size and productivity
across firms in the industry. However, the resuléspresent in Table 5, across all
specifications in columns (1)-(7), entail no contipegl evidence that such a positive
reallocation was underway.

To summarize, the results support the presence ithinafirm four-year
productivity gains from the liberalization that ane average 5.5%. Assuming that our
linear specification is a valid description of glbtential liberalization events, our
results suggest that a change in IOL score from ®, &.g., full liberalization in four
years, would be associated with 33% within-firm darctivity gains. To get more

intuition about the quantitative importance of oestimates, we examine the

% We have also investigated the cross-sectionatioakhip between allocative efficiency and the
liberalization index. Using the cross-sectionalataposition of Olley and Pakes (1996), the industry
productivity at any point in time can be decompoisga two terms: 1) the simple average of firm-leve
productivity and 2) the covariance between marketes and productivity. The latter term is a simple
proxy for allocative efficiency. Using our samplee calculated the average OP covariance term for
every country/industry and regressed it on therdilieation index while controlling for industry and
country fixed effects. The results show no systématationship between IOL and the OP covariance
term. These regressions are available upon request.
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percentage of total actual within-firm productivithange that is explained by the
liberalization in our data. To this end, we treatte firm in our sample as part of an
“aggregate network services industry”, which isided by all the firms in our
sample. We predict the four-year within-firm protvty change based on our
estimated coefficient of interest and the changéQOh in the respective country-
industry where a firm operates. Then, we take aglted average of the predicted
within-firm productivity change, where each firm wmweighted by its initial
employment share out of total employment in our@amrhe predicted within-firm
productivity growth amounts to 5.2% on average aarsample period. In a similar
way, we find that the weighted average of the dctelized within-firm productivity
growth in our sample is on average 13.5%. Therefgpeto 38% of the within-firm
productivity gains of European network serviceour sample can be explained by
liberalization. This calculation underscores tliet EU-wide liberalization efforts can

be important drivers of aggregate productivity omes.

5.2. Endogeneity of the liberalization

In this section, we address the concern that theogean network services
liberalization policies are not exogenous to praity shocks of firms operating in
the liberalized industries. This concern is relévagcause the actual implementation
of the reforms adopted at the EU-level is left tational governments. In our
empirical framework, by taking long-differences pwbe liberalization index and
controlling for country-industry fixed effects, agell as for country- and industry-
year fixed effects, we account for the role of @jitico-economic factors with such

sources of variation.

Therefore, we are left to correct for any remainfagtors varying at the
country-industry-year level that are related toalgeolicy choices that determine the
degree and timing of liberalization. As an exampkjonal governments may prefer
to minimize the political costs of liberalizatiomdichoose to liberalize more and/or
earlier the industries with weaker expected groprtbspects. In this case, due to the
negative selection of industries into the liberatii@an, we would underestimate the
effect of liberalization on firm-level TFP. Furtimeore, the liberalization policy could

be driven by time-varying local industry factorserant for firm-level productivity,
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such as monopoly power or strong labor unions tiedate to the political
costs/benefits from liberalization. To the extdmittour baseline specification does
not explicitly control for such factors, the resudt omitted-variables problem may
bias our coefficient of interest.

For these reasons, we investigate whether the wdb@hanges in IOL are
correlated with initial industrial characteristitgt relate to the political costs/benefits
of the liberalizatiorf® The characteristics we consider are the numbémo$ and the
median firm size. These act as a proxy for monoppbwer and industry
concentration and thereby the scope for the exasteha strong business lobby. Total
industry sales proxy for the importance of the stdy in the economy. Total
employment and the average wage in the industryydiar the magnitude of political
costs that arise from labor unions opposing cortipetdue to the fear of job or wage
losses. Finally, the average productivity of thelustry proxies for the growth

prospects, for example, due to catch?(p.

The results are presented in Table 6. In eachofdManel A, we report the
estimated coefficient from the regression of therage four-year change of the
liberalization index (IOL) on the industry charatdéc in the respective column. The
value of industry characteristics is taken as efltleginning of the sample period. In
all cases, we control for country and industry @edfects. In a similar way, in Panel
B, we check the correlation between the four-ydenge in the liberalization index
and the four-years-lagged value of each industgrastteristic, while controlling for
country-year and industry fixed effects. Overalige tresults show no statistically
significant correlation between the initial indueticharacteristics and the subsequent
change in IOL. The only exception is the initialalonumber of firms in the industry
that is negatively correlated with subsequent ceandOL in the cross section (at the
10% significance level). Still, this correlationsdppears in the respective panel

regression as shown in Panel B.

% A similar approach is followed by Topalova and Ktelwal (2011).

%" The total number of firms and total employment teen from Eurostat. The median firm size
(employment) and average wage are calculated tismgmadeus sample.
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Finally, in the last column, we investigate theretation of the change in
IOL with its initial level. The latter is the palib-economic outcome that is inherited
from the past and summarizes the initial conditbmegulation in the industry. We
find that it is the only a statistically signifidarand economically important
determinant of the change in IOL. The relationgkipven stronger in the panel data
estimation, where the estimated t-statistic is elts 10. The negative correlation
between the change in IOL and its initial level toaps the fact that, for those
industry-country pairs that started as more libeeal (high level of IOL), there was a
smaller scope for liberalization and thereby theyld experience a smaller change in
their IOL index than the change experienced by trgtindustry pairs in our sample

on average.

The correlation between the change in the libemibn index and its lagged
value is consistent with the harmonization objextwf the EU Directives. To further
support this insight, we investigate how the stteraf this correlation over earlier
periods, 1978-1987 and 1988-1997, compares to rtkeower our sample period,
1998-2007. For each of the three periods, PandlPable 7 presents estimates from
regressions of the four-year change in IOL on ther-fyear lagged IOL and an
intercept. The comparison of the estimated constamhs across the three time
periods suggests that the 1998-2007 period was otiee with the strongest
liberalization efforts as the IOL of a fully regtda industry was expected to increase
on average by 1.5 over the four years. The IOL d@ly regulated industry has
increased only by about 0.7 during the 1988-199ibg@eand essentially remained
constant during the 1978-1987 period. Furthermdhe 1998-2007 period
experienced the highest convergence of IOL, asetenated coefficient on the
lagged IOL in column (1) is negative and highly tistecally significant. The
convergence pattern is much weaker during the 1B&#87period, and virtually non-
existent in the 1978-1987 period. Panel B of Tabtepeats the same exercise while
controlling for country-year and industry fixed efs. Even in this case, the strength
of the convergence in IOL is almost twice as largthe 1998-2007 period than it is
in the 1988-1997 period, while there is no evidesfceonvergence during the 1988
1997 period.

The strong harmonization pattern in IOL during 198807 suggests that the

initial IOL level serves as a good proxy for the Eldmmand for the network
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industries’ liberalization that is exogenous todbfirms’ TFP growth. Therefore, we
can use the lagged level of IOL as an instrumenttlie change in IOL in each
country-industry in our sample over time. By doisg, we seek to explain TFP
growth by the change in the liberalization as i by the initial liberalization
state, given the need to reach common policy dbgstas set by the EU-wide
harmonization efforts. The identifying assumptisrihat the initial liberalization state
affects firm-level TFP growth only through its effeon the scope for liberalization
policy and is uncorrelated with unobserved proditgtishocks or other latent factors

affecting firm-level productivity.

The results from the two-step efficient GMM estimoat using the four-year-
lagged IOL as an instrument, are presented in Paradl Table 8, while Panel B of
the table presents the results from the correspgnfiist-stage regressiof$.The
regressions in columns (1)-(3) of Table 8 followneoby one, our baseline
specifications in columns (4)-(6) of Table 4. Th&/K& estimates are uniformly
higher by about one percentage point for all engdosneasures of TFPR compared
to the OLS ones, suggesting a negative bias ifih® estimates. Such a negative
bias arises if local authorities are choosing theng and the scope of liberalization
in order to respond to the prospects of declinimdustry productivity. For instance,
such declining productivity could take place in tfece of increasing foreign
competition, if the rest of the EU members compuldieeralization earlier. Hence, if
anything, our evidence suggests a negative setecfimdustries into liberalization.

5.3. Additional results

As discussed in Section 2, there are theoreticatams to examine whether the
positive impact of liberalization is different assofirms of different productivity level

or size.

To investigate the possibility of the heterogeneaouysact of liberalization on
firms of different productivities, we split firm-ge observations into two categories

based on their position relative to the median leé productivity distribution.

2 Any differences between the results between PRélTable 10 and column 8 of Table 8 are due to
the unbalanced nature of our final firm-level saepl
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Specifically, we construct an indicator variablatttakes value 1 if the productivity of
a given firm is higher than the median productiafyits industry and is O otherwise.
Then, we extend specification (1) by including thieraction of the lagged value of
this dummy variable with the change in the libezaiion index.

The resulting specification is

. . High High
Apfcit = BALibis + BpALibg; * Pfclﬁ_L; +y Pfclfqt_4 + Xcit + Erices 3)

Wherep}{jﬁ'i , Is an indicator variable equal to 1 if a firm'sguctivity is above the

median productivity of its industry as of four yeaago and is zero otherwise. If
productivity gains from liberalization come mostlfrom the productivity
improvements of firms with initially low productityi, we expecps to be positive and

Bn to be negative. Including p;’(fl.’f; controls for the possibility of different

productivity trajectories of firms that differ imeir lagged productivity, i.e., due to
‘catch-up’ effects. As in the case of specificati¢h), we include a set of
country/industry/year control variables.;;, which consists of country-year fixed

effectsA.;, industry-year fixed effects;; and country-industry fixed effects,;.

Table 9 presents the estimates of specification{Bg results suggest that
the TFP gains from the liberalization are decrepsm the initial productivity of
firms. This is in line with the predictions of Schih (1997) that when initial
competition is very low, then increased competitwould decrease managerial
slackness, which translates into higher produgtivitis also consistent with the fact
that, at the beginning of the liberalization pragethe network services industries
largely featured state monopolies where managsia@kness concerns are likely to

be important (e.g., due to the lack of threat ohg).

The other scope for the heterogeneity of the estichaffect we consider
asks whether the liberalization asymmetrically et#fe firms of different initial size.

This is investigated by estimating a model analsgmuspecification (3), where we

High

replace indicatop;,_,

by its analog for the firm’s position relative ttee median of

High

the employment distributiome;m;vlfa.t_4
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, . High High
Apgcie = PALibgi + BrALibg; * emplfcl;qt_4 +vy emplfcl;qt_4 + Xeit

+ Erice- (4)

The estimates of specification (4) presented inl@dl® do not provide support
that the impact of liberalization is heterogeneaasoss size. This suggests that either
the policies were in no way specific to firm siz®, that other firm-size-specific

distortions did not affect firms’ responses in protvity.

6. Robustness checks

We perform a series of robustness checks for oun mesults on the impact of
liberalization on within-firm productivity growthral reallocation. First, in Panel A of
Table A4, we show that our results are robust éppling the countries that joined the
European Union in 2004, the Czech Republic, Hungawy Poland. If EU accession
had a positive impact on the productivity of netkveervices industries due to reasons
other than the liberalization of these industrisslf, including these countries could
bias our results. We thus exclude these three deanfrom the sample and re-
estimate our main specifications that correspondalomns (4)-(6) in Table 4 and
columns (4)-(6) in Table 5. For the reallocationu&ipn, we report only the
coefficient on the interaction term of the changdOL and lagged productivity. The

results are qualitatively similar to our main reésul

Second, we investigate whether the countries tteath® most represented in
our sample drive our results. As Table 1 shows,ntlost represented countries are
Germany, Italy and Spain, each of which accountsrfore than 10% of the sample.
In Panels B to D of Table A4, we remove each of¢heountries one by one and re-
estimate our main specifications on the resultingsamples. Again, our results

remain qualitatively unchanged.

Third, we investigate whether our results are s$mesto the differences in
sample coverage across industries, or to the imelusf industries with very strong
liberalization experiences. We repeat a similarr@se as before by checking the
robustness of our results on the subsamples thatraated by dropping, one by one,
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each of the suspect industries. Tables A5.a anl #ttow that our results survive also
this check.

Fourth, we investigate whether our results are sbbto excluding
country/industry clusters that have unbalanced fsire distribution relative to the
one reported for the aggregate population of fimSurostat. In principle, combining
several updates of Amadeus should result in a sathpt covers most companies in
Europe. However, due to differences in reportirgueements among the underlying
vendors of BvD, the final sample can be under-sathjph some size categories in
some countries/industrié3.To do so, we follow a procedure used in Klappealet
(2006). We use data from Eurostat Structural Bsirgtatistics (SBS) on the true
number of firms within country and industry andethrsize categories defined by
employment: 20-49, 50-249 and 250 or more employeEsr each
country/industry/size category, we calculate therage number of firms between
2004 and 2007 in both Eurostat and our Amadeus Isapd then calculate the ratio
R.; Size of the Eurostat over the Amadeus number of fironglttain a measure of the
under-representation of our sampleA high value of this ratio suggests that the
number of firms in our sample is very low compatedhe true number reported in
SBS. Next, we compare the ratios between the biggessmallest size categories in
a given country/industry cluster. A large differertzetween the coverage of large and
small firms would suggest that the firm size dimition is skewed relative to the
population firm-size distribution. To investigatéh&ther this has a significant effect
on our results, we drop the industry/country clisstevhere the relative
underrepresentation of small firms to the undegs@ntation of large firms (i.e., the
ratio of R.; Low to R¢; High) is higher than 5 or lower than 0.2. Table A6 shalaat

our main results are unaffected.

Fifth, Table A7 shows the estimates obtained us3agear and 5-year

differences specifications. As expected, the esémtor the 3-year differences model

2 For example, small German firms are not legaltyuieed to disclose (Desai et al., 2003).

% The Eurostat SBS data on the firm size distributiave the best coverage after 2004. Additionally,
given our version of Amadeus takes care of theigorship bias, it is reasonable to expect that any
sample unbalancedness will be the most pronoumcttkicross-section, rather than over time.
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are smaller in magnitude, while the estimates lher $-year differences model are

larger than those obtained using the baselineyears differences specification.

Finally, Table A8 documents that our main resulte &bust to excluding

observations with the imputed values of employment.

7. Conclusions

We examined the productivity impact of Europearelemetwork services

liberalization. To do so, we built an empiricalrfrawork that isolates the source of
variation in industry-specific liberalization thats exempt of variation in

country/industry-specific politico-economic condits and productivity prospects.
Our findings show that, as a response to removegylatory barriers to entry and
reducing state ownership, network services firmpeeenced on average 5.5%
productivity gains over a four-year period. In aample, the within-firm average
productivity gains due to liberalization account foore than one-third of the actual
within-firm average productivity gains of all firmgperating in network services

industries.

The magnitude of our estimates of within-firm protivity gains is in line
with earlier findings in the literature that examsnthe impact of trade liberalization
on the productivity of firms operating in liberadid markets. In particular, since our
study concerns eliminating regulatory barriers upot markets, our estimates can be
compared to estimates of output tariff reductiomianufacturing. As an illustration,
Amiti and Konings (2007) or Topalova and KhandelwaD11), among others,
suggest corresponding estimates on the order &6 @td 3.5%, respectively. To our
advantage, since network services are mostly ramtable, import competition has a

limited scope to bias our results.

The distinction between the liberalization of outps. input markets is an
important one, because existing findings in therditure show that a reduction of
input tariffs has a significantly stronger produii impact on firms compared to a
reduction of output tariffs. With this distinctiom mind, our results are also consistent
with Arnold et al. (2008), who find that one unitange in the OECD index of

product market regulation implies within-firm praxivity gains on the order of 10%.
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They study input liberalization, which suggests vithgir estimate is larger than ours.
Also, they are interested to measure the impadbefalization in all services, both
network and non-network ones, on the productivitfirmms operating in any business
activity. Our contribution is that we track dowretimitial source of these gains by
focusing on network services that are the most mapb among all services inputs

and the ones that are, to a large extent, libeloy now.

Finally, we note that our finding that the gainsnir the liberalization came
from the within-firm productivity improvements rah than the reallocation of
resources across firms is also in line with earsrdies of liberalization. In this
regard, our conclusions regarding reallocation comtb a caveat: we lack a full
empirical model of entry and exit. Moreover, dughe length of our sample period,
our results capture more short-term developmenilswimg the liberalization as
opposed to long-term effects.

Turning to the policy implications, our findingsggest that the regulatory
reforms for network services were successful imaasing the threat of competition
for incumbents and thus inducing them to becomeerpooductive. Our results are in
support of the European Commission’s demand tonexiéeralization to other

market services.
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Tables and Figures

Figure 1.a: Liberalization in Services Industries398 — 2007

Liberalization over Sample Period

1T T [

Index of Overall Liberalization
+

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Note: Box-plot of the distribution of the Index @Ok erall Liberalization over all
countries and industries in the sample. Scale ésfm the most to least restrictive
of competition.

Source: OECD indicators of regulation in networ#tustries, Conway and Nicoletti
(2006).
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Figure 1.b: Liberalization in Services Industrie$9398 — 2007

Liberalization in Airlines. Liberalization in Electricity.
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Source: OECD indicators of regulation in networ#tustries, Conway and Nicoletti
(2006).
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Table 1
Summary Statistics of Services Industries by Countr

(2) @) ©®)

VA / Employee Employment oL

Country # Obs. Pctile 10  Median  Pctile 90 Pctile 10  Madia Pctile 90 1998 2007
Austria (AT) 226 70.2 194.3 597.7 38 470 2396 16 4.0
Belgium (BE) 646 67.4 207.8 796.3 26 124 1159 2.9 4.4
Czech Rep. (CZ) 501 12.1 49.0 202.3 33 150 1250 12 4.4
Germany (DE) 5070 91.6 197.2 416.3 30 98 972 4.3 5.6
Spain (ES) 4293 16.4 50.6 346.5 22 44 426 34 4.8
Finland (FI) 1537 29.1 127.2 347.7 25 64 374 34 4.7
France (FR) 1523 64.0 207.8 712.7 23 58 669 15 4.7
Hungary (HU) 802 38 12.6 49.4 24 157 1908 22 4.9
Italy (IT) 3227 445 120.8 483.7 24 56 549 1.6 4.4
Poland (PL) 1653 8.4 24.2 86.7 30 135 1694 0.3 3.9
Portugal (PT) 223 30.9 110.3 603.9 23 188 8649 16 4.3
Sweden (SE) 1461 68.7 159.5 552.0 23 44 361 3.2 35
Total Sample 21162 19.1 126.5 415.4 24 71 836 27 4.8

The table reports summary statistics for labor produgtigih 1995 EUR ths.) and employment for twelve countries im sample. Labor
productivity is calculated as the double-deflated valudeatiover employment, where country/sector specific ougma intermediate inputs
deflators come from EU KLEMS. # Obs. corresponds to numbebsfervations in Amadeus. Column 3 reports the average wéline Index of

Overall Liberalization (IOL) in the first and lagéar of our sample for each country.

Table 2
Change in the Index of Overall Liberalization o\Bample Period
Country  Airlines Electricity Gas Post Railways Telecom
AT 0.4 3.0 2.0 1.7 0.0 15
BE 1.0 15 2.0 25 0.8 2.2
cz 1.8 3.8 5.5 1.0 0.0 4.2
DE 0.0 15 0.5 3.0 15 2.8
ES 2.9 1.7 2.3 0.6 15 15
Fl 0.1 0.8 1.0 0.6 0.0 2.6
FR 3.7 3.8 4.5 1.3 15 11
HU 4.7 3.0 2.9 0.9 0.8 2.8
IT 11 4.5 3.0 0.9 0.8 2.3
PL 4.0 2.8 25 2.1 0.0 5.1
PT 1.8 2.9 4.3 2.3 0.8 2.7
SE 0.8 0.0 2.0 0.6 0.8 1.7
Mean 1.8 2.4 2.7 1.4 0.7 2.5

The table reports overall change in IOL between the first st year of our
sample for each Country/Industry cluster.
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Table 3
Summary Statistics of Services Industries

) (2)
VA / Employee Employment

Country # Obs. Pctile 10 Median Pctile 90 Pctile 10 MadiaPctile 90
Airlines 1350 53.3 152.7 325.9 26 122 1705
Electricity 8188 25.5 169.3 438.8 26 87 1140
Gas Services 2595 43.2 165.9 615.9 24 67 484
Postal Services 2664 10.5 36.4 206.5 22 46 430
Railways 1024 15.7 55.0 166.4 27 115 1815
Telecom 5341 19.5 90.3 449.0 23 60 650

The table reports summary statistics for labor producyiin 1995 EUR ths.) and employment for
six industries in our sample. # Obs. correspondhtonumber of observations in Amadeus.

Table 4
Liberalization and Within-firm Productivity Change
1) 2 (3) (4) 5) (6) (@)
Dependent Variable ATFPR ATFPR ATFPR ATFPR ATFPR A TFPR A In(Va/Empl)
LP LP LP LP W-LP oLs

4-year diff 4-year diff 4-year diff 4-year diff 4-yediff 4-year diff 4-year diff
Panel A: Effects of Overall Liberalization

A 1OL 0.063***  0.056*** 0.049*** 0.064*** 0.056*** 0.046** * 0.035**
4-year diff (0.021) (0.016) (0.018) (0.016) (0.015) (03901 (0.016)
Country * Year FE Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes
Country * Industry FE Yes Yes Yes Yes Yes
Industry * Year FE Yes Yes Yes Yes
Adjusted P 0.059 0.093 0.119 0.124 0.203 0.157 0.175
Country / Industry clusters 70 70 70 70 70 70 70
Observations 6040 6040 6040 6040 6040 6040 6040
Panel B: Effects of Entry Liberalization
A IEL 0.018 0.028*** 0.020 0.024* 0.027**  0.023** 0.014
4-year diff (0.012) (0.010) (0.015) (0.013) (0.012) (0200 (0.011)
Country * Year FE Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes
Country * Industry FE Yes Yes Yes Yes Yes
Industry * Year FE Yes Yes Yes Yes
Adjusted P 0.053 0.090 0.117 0.121 0.202 0.156 0.175
Country / Industry clusters 70 70 70 70 70 70 70
Observations 6040 6040 6040 6040 6040 6040 6040

The table reports estimates from OLS regressions of 4-ydgarehces in productivity on 4-year differences in the érdf
Overall Liberalization (IOL) in Panel A, and on 4-year diféeces in the Index of Entry Liberalization (IEL) in Panel B-PR

LP is calculated as a residual from estimating a logarith@abb-Douglas revenue production function using a Levims®etrin
approach. TFPR W-LP is calculated by estimating a logarith@obb-Douglas value added production function using a
Wooldridge modification of Levinsohn-Petrin approachhitnobserved productivity shocks being approximated by d3okr
polynomials in material costs and capital. TFPR OLS is dated as a residual from a logarithmic regression model vénee
Cobb-Douglas production function estimated separately éfach industry by OLS. All specifications include constanot
reported. Robust standard errors (clustered at the cofimdogtry level) are reported in parentheses. *** ** * dge
significance at the 1%, 5% and 10% level, respetyiv
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Table 5
Liberalization and Change in Employment

@ @ ©) @ ®) ©) ™
Dependent Variable AEmpl AEmpl AEmpl AEmpl AEmpl AEmpl AEmpl
4-year diff 4-yeardiff 4-yeardiff 4-yeardiff 4-yediff 4-year diff 4-year diff
Productivity in the TFPR TFPR TFPR TFPR TFPR TFPR In(VadEEm
Interaction Term LP LP LP LP W-LP oLs
Panel A: Effects of Overall Liberalization
AlOL 0.034* 0.033** 0.040* 0.002 0.006 0.013 0.066*
4-year diff (0.018) (0.016) (0.021) (0.022) (0.021) (@p2 (0.038)
AIOL* Lagged Productivity -0.012 -0.007 -0.004 0.008 @01 0.002 0.024*
4-year diff * 4-year lag (0.011) (0.012) (0.013) (0.p13  (0.009) (0.022) (0.013)
Lagged Productivity -0.029***  0.005 0.003 -0.005 -0.025*  0.096*** 0.093***
4-yearlag (0.009) (0.016) (0.017) (0.016) (0.012) (0029 (0.020)
Country * Year FE Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes
Country * Industry FE Yes Yes Yes Yes Yes
Industry * Year FE Yes Yes Yes Yes
Adjusted R 0.051 0.059 0.083 0.096 0.095 0.104 0.119
Country / Industry clusters 70 70 70 70 70 70 70
Observations 6040 6040 6040 6040 6040 6040 6040
Panel B: Effects of Entry Liberalization
AIEL 0.016 0.027** 0.027* 0.010 0.019 0.011 0.031
4-year diff (0.011) (0.011) (0.014) (0.014) (0.015) (@p1 (0.016)
AIEL* Lagged Productivity -0.008 -0.008 -0.009 -0.004 010 -0.006 0.009
4-year diff * 4-year lag (0.005) (0.006) (0.005) (0.po6  (0.008) (0.013) (0.014)
Lagged Productivity -0.035***  -0.004 -0.006 -0.012 0.010 0.103*** 0.100***
4-yearlag (0.008) (0.014) (0.014) (0.013) (0.018) (0026 (0.028)
Country * Year FE Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes
Country * Industry FE Yes Yes Yes Yes Yes
Industry * Year FE Yes Yes Yes Yes
Adjusted R 0.051 0.060 0.084 0.096 0.095 0.104 0.118
Country / Industry clusters 70 70 70 70 70 70 70
Observations 6040 6040 6040 6040 6040 6040 6040

The table reports in Panel A the estimates from OLS regressaf 4-year logarithmic differences of firm employment (#mon 4-year
differences in the Index of Overall Liberalization (IOL)jtvits interaction with the 4-year lagged productivity ree@e as given in the column
header. Panel B presents the results for the equivalenifispions concerning the 4-year differences in the Indekmtry Liberalization (IEL).
All specifications include a constant, not reported. Ratatandard errors (clustered at the country/industry Jeae reported in parentheses.
**x %% and * denote significance at the 1%, 5% at@% levels, respectively.
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Table 6
Liberalization and Initial Industrial Charactercsi

1) 2) (3) (4) (5) (6) (1) (8) 9)
Total Total Total Mean Median Weighted Mean Weighted Mean Weighted Mean
# Firms # Employees Sales Wage Employment TFPR LP TFPR W-LP TFPR OLS 10L
in log in log in log in log in log

Panel A: Cross-section
Dependent VariableA IOL (average 4-year change)
Explanatory Variable in Column (as of the first ygathe sample)

-0.238* -0.038 -0.025 -0.016 0.051 -0.161 -0.045 -0.223 29@**
(0.130) (0.147) (0.094) (0.405) (0.074) (0.178) (0.128) .1@3) (0.060)
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Adjusted P 0.577 0.690 0.644 0.587 0.592 0.596 0.589 0.599 0.720
Observations 57 52 55 70 70 70 70 70 70

Panel B: Panel
Dependent Variablea IOL (4-year change)
Explanatory Variable in Column (lagged 4 years)

-0.086 0.071 0.102 0.290 0.078 -0.173 0.103 -0.183 -0.483**
(0.083) (0.112) (0.163) (0.207) (0.056) (0.136) (0.091) 16) (0.056)
Country * Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Adjusted P 0.242 0.234 0.220 0.213 0.211 0.213 0.209 0.210 0.504
Observations 357 324 330 392 392 392 392 392 392

Each cell of the table reports estimates from a separatessign on the cross-section of industries (panel A) and #mepof industries (panel B) which comprise our firm-
level sample. Panel A reports estimates of regressions etithe-average 4-year change in the Index of Overall Lifatibn (I0L) on the variable in column heading, the
value of which is taken as of the beginning of the sample gkritanel B reports estimates of regressions of the actueb4-ghange in 10L on the 4-year lagged value of the
variable in column heading. Total # Firms is the number ofnfirin an industry as reported by Eurostat, Total # Employsdsé number of employees in an industry as
reported by Eurostat, Total Sales are the total industrgssak reported by Eurostat, Mean Wage is the industry avevage calculated using Amadeus sample, Median
Employment is the industry median employment calculatédgudmadeus sample. Weighted mean TFPR LP, TFPR W-LP and TEGBR are weighted averages of
corresponding (log) productivities with weights given byetrevenues shares within the industry. Robust standaocdsef(clustered at the country level in panel A and the
country/industry level in panel B) are reportegarentheses. ***, ** and * denote significance het1%, 5% and 10% levels, respectively.
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Table 7
Convergence in Liberalization

in Europe over Time

1) (2 (3)
Sample Period 1998-2007 1988-1997 1978-1987
Dependent Variable AlOL A lOL A IOL
4-year diff 4-year diff 4-year diff
Panel A: Model without Controls
IOL -0.228*** -0.061 -0.002
4-year lag (0.048) (0.065) (0.003)
Constant 1.514%** 0.651*** 0.013*
(0.199) (0.097) (0.007)
Adjusted P 0.155 0.002 0.002
Observations 427 418 426
Panel B: Model with Additional Controls
IOL -0.458*** -0.236*** 0.005
4-year lag (0.051) (0.081) (0.007)
Country * Year FE Yes Yes Yes
Industry FE Yes Yes Yes
Adjusted P 0.474 0.303 0.002
Observations 427 418 426

The table reports estimates from industry-level OLS regjoes of 4-year differences in the Index of Overall Liberation (IOL)

on the 4-year lagged value of IOL. The sample is compriseddt@untries and 6 network industries that are included in the
Amadeus firm-level sample. Regressions are estimatedagga over 3 periods: 1978-1987, 1988-1997 and 1998-20Ghel A
presents results for a simple linear model with includee@iioépt. Panel B presents results for the model that incladdiional
controls: country/year fixed effects and industry fixedeets. Robust standard errors (clustered at the counthydtny level) are
reported in parentheses. ***, ** and * denote sfgrence at the 1%, 5% and 10% levels, respectively.

Table 8
Liberalization and Within-firm Productivity Changd/ Estimates
(1) (2) (3)
Productivity Measure A TFPR A TFPR A TFPR
Estimation Method LP W-LP oLs
4-year diff 4-year diff 4-year diff
Panel A: Second-Stage Regression

A IOL 0.079*** 0.053*** 0.052***

4-year diff (0.017) (0.017) (0.015)
Country * Year FE Yes Yes Yes
Country * Industry FE Yes Yes Yes
Industry * Year FE Yes Yes Yes
Country / Industry clusters 70 70 70
Observations 6040 6040 6040

Panel B: First-Stage Regression

Lagged IOL -1.018*** -1.018*** -1.018***

4-year lag (0.028) (0.028) (0.028)
Partial 0.79 0.79 0.79
F-statistics 1307.75 1307.75 1307.75

p-value 0.000 0.000 0.000

The table reports estimates of 2-step GMM regressions o¢&-ylifferences in productivity on 4-year differences ie thhdex of

Overall Liberalization (IOL) instrumented by 4-year lagd®L. All specifications include a constant, not report&abust standard
errors (clustered at the country/industry level) are répdin parentheses. For the first stage regression, thetmoftanel reports
the estimated coefficient and the standard error of 4-yaggdd IOL, its partial R2, F-statistics of the test of itsffigance and
corresponding p-value. ***, ** and * denote sigraéince at the 1%, 5% and 10% levels, respectively.
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Table 9
Efffects of Overall Liberalization on Firms of Défent Productivity

(€] 2 3)
Productivity Measure A TFPR ATFPR ATFPR
Estimation Method LP W-LP oLS
4-year diff 4-year diff 4-year diff

A 10OL 0.076*** 0.068*** 0.055***

4-year diff (0.020) (0.019) (0.018)
A 10L * Lagged High Productivity -0.034 -0.037 -0.029

4-year diff * 4-year lag (0.024) (0.031) (0.024)
Lagged High Productivity -0.034 -0.156*** -0.156***

4-year lag (0.024) (0.051) (0.047)
Country * Year FE Yes Yes Yes
Country * Industry FE Yes Yes Yes
Industry * Year FE Yes Yes Yes
Adjusted P 0.146 0.229 0.199
Country / Industry clusters 70 70 70
Observations 6040 6040 6040

The table reports estimates from OLS regressions of 4-y#farehces in productivity on 4-year differences in the érdf
Overall Liberalization (IOL) interacted with the dummy vablle, Lagged High Productivity, which takes value one ieth
productivity of a given firm was above the median produdtivof its respective industry as of 4 years ago and zero otiserwll
specifications include a constant, not reported. Robushdsrd errors (clustered at the country/industry leved) mported in
parentheses. *** ** and * denote significance het1%, 5% and 10% levels, respectively.

Table 10
Efffects of Overall Liberalization on Firms of Défent Size
(1) (2) (3)
Productivity Measure A TFPR A TFPR A TFPR
Estimation Method LP W-LP oLS
4-year diff 4-year diff 4-year diff

A IOL 0.066*** 0.064*** 0.052***

4-year diff (0.021) (0.016) (0.018)
A 10L * Lagged High Employment -0.003 -0.018 -0.013

4-year diff * 4-year lag (0.024) (0.019) (0.020)
Lagged High Employment -0.003 -0.001 0.036**

4-year lag (0.024) (0.020) (0.016)
Country * Year FE Yes Yes Yes
Country * Industry FE Yes Yes Yes
Industry * Year FE Yes Yes Yes
Adjusted P 0.125 0.203 0.158
Country / Industry clusters 70 70 70
Observations 6040 6040 6040

The table reports estimates from OLS regressions of 4-y#farehces in productivity on 4-year differences in the érdf
Overall Liberalization (IOL) interacted with the dummy vable, Lagged High Employment, which takes value one if the
employment of a given firm was above the median productieitjts respective industry as of 4 years ago and zero other4it
specifications include a constant, not reported. Robushdsrd errors (clustered at the country/industry leved) mported in
parentheses. *** ** and * denote significance aet1%, 5% and 10% levels, respectively.
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Appendix

Table A1
The ETCR Indicators: Regulatory Areas by Industry

Regulatory areas

Barriers to entry PUb“C_ Market structure . Vertlca_ll Price controls
ownership integration
Airlines X X
Electricity X X X
Gas Services X X X X
Postal Services X X
Railways X X X X
Telecom X X X

The table reports regulatory areas covered by the ET CR fdiviglual industries. “X” denotes a regulatory

area that is covered by the respective ETCR as separate.iSdekce: Table 2 of Conway and Nicoletti
(2006).

Table A2
The Correspondence among Industry Classifications
NACEr 1.1 NACELLL b ostat EU KLEMS
2 digit
Airlines 621, 622 62 162 60t63
Electricity 401 40 E401 E
Gas Services 402 40 E402 E
Postal Services 641 64 1641 64
Railways 601 60 1601 60t63
Telecom 642 64 1642 64
Table A3

Correlations of Firm-level Productivity Measures

TFPRLP TFPRW-LP TFPROLS

TFPR W-LP 0.88
TFPROLS 0.55 0.49
In (VA/Empl) 0.64 0.75 0.62
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Table A4
Robustness to Removing Countries

1) 2 (3) 4) (%) (6)
Dependent Variable ATFPR ATFPR ATFPR AEmpl AEmpl AEmpl
LP W-LP OoLS
4-year diff 4-year diff 4-year diff 4-year diff 4-yediff 4-year diff
Productivity in the TFPR TFPR TFPR
Interaction Term LP W-LP oLS
Panel A: Removing Czech Republic, Hungary and Rdlan
A IOL 0.077*** 0.067*** 0.056***
4-year diff (0.019) (0.015) (0.017)
A IOL * Productivity 0.003 0.006 -0.008
4-year diff * 4-year lag (0.016) (0.011) (0.029)
Observations 5371 5371 5371 5371 5371 5371
Panel B: Removing Germany
A IOL 0.044*** 0.052*** 0.034**
4-year diff (0.017) (0.017) (0.014)
A IOL * Productivity 0.002 0.009 -0.001
4-year diff * 4-year lag (0.014) (0.010) (0.023)
Observations 4341 4341 4341 4341 4341 4341
Panel C: Removing ltaly
A IOL 0.060*** 0.042* 0.036**
4-year diff (0.021) (0.022) (0.016)
A IOL * Productivity 0.009 0.011 0.013
4-year diff * 4-year lag (0.016) (0.012) (0.025)
Observations 5267 5267 5267 5267 5267 5267
Panel D: Removing Spain
A IOL 0.064*** 0.052*** 0.047%**
4-year diff (0.018) (0.018) (0.015)
A IOL * Productivity 0.008 0.013 0.000
4-year diff * 4-year lag (0.014) (0.010) (0.021)
Observations 4887 4887 4887 4887 4887 4887

The table reports estimates from OLS regressions for dpatibns corresponding to columns (4-6) of the table 4 and

columns (4-6) of the table 5. For each panel, all specifaasi are estimated on a subsample obtained by removing
corresponding set of countries. For productivity regaassj we report estimate of the coefficient on the (4-yeagnde in

the IOL. For employment regressions, we report estimatehefdoefficient on the (4-year) change in the IOL interacted

with a (4-year) lagged productivity measure specified inluon header. Robust standard errors (clustered at the
country/industry level) are reported in parentheses. ** and * denote significance at the 1%, 5% and 10% levels,
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Table A5.a
Robustness to Removing Industries

(€] ) (3) 4) (5) (6)
Dependent Variable ATFPR ATFPR ATFPR AEmpl AEmpl AEmpl
LP W-LP OoLS
4-year diff 4-year diff 4-year diff 4-year diff 4-yeaiff 4-year diff
Productivity in the TFPR TFPR TFPR
Interaction Term LP W-LP oLS
Removing Airlines
A IOL 0.067*** 0.054*** 0.048***
4-year diff (0.018) (0.015) (0.014)
A I0OL * Productivity 0.003 0.010 0.007
4-year diff * 4-year lag (0.014) (0.010) (0.021)
Observations -0.006 0
Removing Electricity
A IOL 0.063*** 0.067*** 0.049***
4-year diff (0.016) (0.015) (0.014)
A IOL * Productivity 0.018 0.018 0.008
4-year diff * 4-year lag (0.019) (0.011) (0.028)
Observations 3290 3290 3290 3290 3290 3290
Removing Gas
A IOL 0.048** 0.057*** 0.025*
4-year diff (0.020) (0.019) (0.015)
A 10L * Productivity 0.014 0.020 -0.001
4-year diff * 4-year lag (0.015) (0.012) (0.026)
Observations 5221 5221 5221 5221 5221 5221

The table reports estimates from OLS regressions for spatiins corresponding to columns (4-6) of the table 4 and
columns (4-6) of the table 5. For each panel, all specifmai are estimated on a subsample obtained by removing
corresponding set of industries. For productivity regaess, we report estimate of the coefficient on the (4-yedrarge in

the IOL. For employment regressions, we report estimatehefdoefficient on the (4-year) change in the IOL interacted

with a (4-year) lagged productivity measure specified inluctm header. Robust standard errors (clustered at the
country/industry level) are reported in parentheses. ** and * denote significance at the 1%, 5% and 10% levels,
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Table A5.b
Robustness to Removing Industries

1) 2 3) (4) (5) (6)
Dependent Variable ATFPR ATFPR ATFPR AEmpl AEmpl AEmpl
LP W-LP OLS
4-year diff 4-year diff 4-year diff 4-year diff 4-yeaiff 4-year diff
Productivity in the TFPR TFPR TFPR
Interaction Term LP W-LP oLS
Removing Post
A IOL 0.072*** 0.058*** 0.049***
4-year diff (0.016) (0.015) (0.013)
A IOL * Productivity 0.008 0.014 0.008
4-year diff * 4-year lag (0.014) (0.010) (0.022)
Observations -0.014 0
Removing Railways
A IOL 0.063*** 0.053*** 0.043***
4-year diff (0.016) (0.015) (0.013)
A 10L * Productivity 0.007 0.012 0.003
4-year diff * 4-year lag (0.014) (0.010) (0.022)
Observations 5826 5826 5826 5826 5826 5826
Removing Telecom
A IOL 0.068*** 0.040* 0.059***
4-year diff (0.019) (0.020) (0.017)
A IOL * Productivity -0.002 -0.002 -0.025
4-year diff * 4-year lag (0.015) (0.010) (0.021)
Observations 4753 4753 4753 4753 4753 4753

The table reports estimates from OLS regressions for spatibns corresponding to columns (4-6) of the table 4 and
columns (4-6) of the table 5. For each panel, all specifarai are estimated on a subsample obtained by removing
corresponding set of industries. For productivity regoess, we report estimate of the coefficient on the (4-yedrnge in

the IOL. For employment regressions, we report estimatehefdoefficient on the (4-year) change in the IOL interacted

with a (4-year) lagged productivity measure specified inluom header. Robust standard errors (clustered at the
country/industry level) are reported in parentheses. *** and * denote significance at the 1%, 5% and 10% levels,

respectively.
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Table A6
Robustness to Removing Unbalanced Country/InduStugters

1) 2) (3) (4) (5) (6)
Dependent Variable A TFPR A TFPR A TFPR AEmpl AEmpl AEmpl
LP W-LP OoLS
4-year diff 4-year diff 4-year diff 4-year diff  4-yealiff 4-year diff
Productivity in the TFPR TFPR TFPR
Interaction Term LP W-LP OoLS
A IOL 0.066***  0.060***  0.050***
4-year diff (0.017) (0.015) (0.014)
A IOL * Productivity 0.005 0.014 0.006
4-year diff * 4-year lag (0.014) (0.010) (0.022)
Country / Industry clusters 60 60 60 60 60 60
Observations 5688 5688 5688 5688 5688 5688

The table reports estimates from OLS regressions for gpatiibns corresponding to columns (4-6) of the table 4 and
columns (4-6) of the table 5 on the subsample created by rérg@ountry/industry clusters for which the firm size
distribution appears unbalanced relative to firiae slistribution reported in Eurostat. See secidior the descriptio

of the method used to indentify unbalanced clustiens productivity regressions, we report estimaftéhe coefficient

on the (4-year) change in the IOL. For employment regressiar report estimate of the coefficient on the (4-year)
change in the IOL interacted with a (4-year) lagged produigtimeasure specified in column header. Robust standard
errors (clustered at the country/industry level) are répdin parentheses. *** ** * denote significance at the 1%,
5% and 10% level, respectively.

Table A7
Robustness to Different Long Differences Specifwas
1) 2) 3) (4) (5) (6)

Dependent Variable A TFPR A TFPR A TFPR AEmpl AEmpl AEmpl
LP W-LP oLSs
Productivity in the TFPR TFPR TFPR
Interaction Term LP W-LP oLS
Model in 3 year differences
A IOL 0.056%** 0.037* 0.041%**
3-year diff (0.018) (0.019) (0.015)
A IOL * Productivity 0.009 0.013 0.015
3-year diff * 3-year lag (0.013) (0.009) (0.021)
Observations 8051 8051 8051 8051 8051 8051
Model in 5 year differences
A IOL 0.087*** 0.062** 0.053***
5-year diff (0.023) (0.026) (0.016)
A IOL * Productivity 0.003 0.007 0.015
5-year diff * 5-year lag (0.016) (0.013) (0.031)
Observations 4455 4455 4455 4455 4455 4455

The table reports estimates from OLS regressions for 3-gadr5-year differences specifications corresponding tlanens (4-6)
of the table 4 and columns (4-6) of the table 5. For produtyivegressions, we report estimate of the coefficient ondfenge
in the I0OL. For employment regressions, we report estimétehe coefficient on the change in the IOL interacted with ggkd
productivity measure specified in column header. Robushdard errors (clustered at the country/industry leved) mported in
parentheses. *** ** and * denote significance het1%, 5% and 10% levels, respectively.

49



Table A8
Robustness to Removing Observations with ImputeglByment

Dependent Variable

Productivity in the
Interaction Term
A IOL
4-year diff
A I0OL * Productivity

4-year diff * 4-year lag
Country / Industry clusters 60

Observations

1) 2) (3) (4) (5) (6)
ATFPR ATFPR ATFPR AEmpl AEmpl AEmpl
LP W-LP OoLS
4-year diff 4-year diff 4-year diff 4-year diff  4-yealiff 4-year diff
TFPR TFPR TFPR
LP W-LP oLs
0.064***  0.051***  0.044***
(0.015) (0.014) (0.014)
0.014 0.015 0.005
(0.014) (0.010) (0.021)
60 60 60 60 60
5473 5473 5473 5473 5473 5473

The table reports estimates from OLS regressions for gpatiibns corresponding to columns (4-6) of the table 4 and
columns (4-6) of the table 5 on the subsample created by remgmbservations with imputed value of employment.
For productivity regressions, we report estimate of theffident on the (4-year) change in the IOL. For
employment regressions, we report estimate of the coefficdbn the (4-year) change in the IOL interacted with a (4-
year) lagged productivity measure specified in column keadobust standard errors (clustered at the country/indus
level) are reported in parentheses. ***, ** andénite significance at the 1%, 5% and 10% levetpeetively.
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