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Abstract

In this thesis, I examine the opportunities and challenges that regions in the European
Union (EU) face during the process of European integration. EU membership grants
access to the world’s largest common market, but not all regions benefit equally.
Peripheral regions or those specialized in less competitive industries may encounter
significant obstacles. To counteract such disparities, the EU employs Structural and
Investment Funds (EU Funds). The first chapter introduces a novel instrumental vari-
able to address endogeneity concerns and incorporates potential spatial spillovers.
The results show that EU Funds foster regional growth, with spillover effects that
can even surpass direct impacts. The second chapter investigates the consequences
of the Eastern enlargements for border urban municipalities. While borders often
constrain development, EU accession transforms them into internal regions of the
common market, potentially stimulating growth. The analysis reveals that the ben-
efits of enlargement depend on local characteristics, the nature of the border, and
the countries on both sides, with evidence highlighting the role of market potential.
Finally, the third chapter studies the 2004 enlargement from the perspective of firms.
The findings suggest that firms in new member states close to EU15 borders experi-
ence declining profitability relative to interior firms. However, smaller firms in these
areas display relatively higher profitability, pointing to competitive pressures from

EU15 firms as a potential deterrent for larger firms.

Keywords: EU integration; border regions; EU funds; new member states; border

firms; border cities.



Résumé

Dans cette these, j'examine les opportunités et les défis a uxquels s ont confrontées
les régions de I’Union européenne (UE) dans le cadre du processus d’intégration eu-
ropéenne. L’adhésion & 'UE donne acces au plus grand marché commun du monde,
mais toutes les régions n’en bénéficient pas de maniere égale. Les régions périphériques
ou spécialisées dans des industries moins compétitives peuvent rencontrer des ob-
stacles importants. Pour contrer ces disparités, ’'UE utilise les Fonds structurels et
d’investissement (fonds européens). Le premier chapitre présente une nouvelle vari-
able instrumentale pour répondre aux problemes d’endogénéité et tient compte des
retombées spatiales potentielles. Les résultats montrent que les fonds européens fa-
vorisent la croissance régionale, avec des retombées qui peuvent méme dépasser les
impacts directs. Le deuxiéme chapitre examine les conséquences des élargissements
a 'Est pour les municipalités urbaines frontalieres. Si les frontieres limitent souvent
le développement, ’adhésion a 'UE les transforme en régions internes du marché
commun, ce qui peut stimuler la croissance. L’analyse révele que les avantages de
I’élargissement dépendent des caractéristiques locales, de la nature de la frontiere
et des pays situés de part et d’autre, les données soulignant le role du potentiel de
marché. Enfin, le troisieme chapitre étudie 1’élargissement de 2004 du point de vue des
entreprises. Les résultats suggérent que les entreprises des nouveaux Etats membres
proches des frontieres de 'UE-15 connaissent une baisse de rentabilité par rapport a
celles situées a l'intérieur. Cependant, les petites entreprises de ces régions affichent

une rentabilité relativement plus élevée, ce qui indique une pression concurrentielle.

Mots clés: intégration européenne; régions frontalieres; fonds européens; nouveaux

Etats membres; entreprises frontalieres; villes frontalieres
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General Introduction

I was born in Bratislava, a border region that not so long ago was separated from
its western neighbors by barbed wire. After my country’s accession to the European
Union (EU) and the Schengen Area, these borders became open, making it possible
to cross them. An example is a network of cycling routes allowing a cross-border
tour that includes a bridge connecting Slovakia and Austria, accurately named “Free-
dom Clycling Bridge”. The story of this cycling route captures many of the elements

through which I feel a personal connection to the topics addressed in this thesis.

The opening of borders in my region is one of many visible outcomes of the integration
within the framework of the European Union taking place after the end of the Second
World War to prevent such a catastrophe from happening again through economic
cooperation. Consequently, the inhabitants of countries that joined the EU have ex-
perienced an unprecedented period of peace, stability, and economic prosperity. The
economic cooperation within the EU deepened throughout its existence, intensifying
and becoming an economic union with the largest single market. Additionally, the
majority of the EU member states have also formed a currency union (Baldwin and

Wyplosz, 2022).

In their analysis of the impact of European integration on each member state, Campos
et al. (2019) find significantly positive effects of joining the EU for each country, with
the exception of Greece. EU integration may not, however, benefit all regions within
a country equally. Regions that specialize in less competitive industries or are located
on the periphery of their country may face significant challenges. Camagni et al.

(2020) highlight the rising divergence among the regions of the EU15 since the Great
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Recession and in the new member states (NMS) since their accession into the EU.
The regional dimension and the heterogeneous effects of European integration are
relevant more than ever, as regions facing structural economic challenges or outflow
of population have recently experienced a surge in the popularity of populist parties

Rodriguez-Pose (2022).

Primary policy tools of the EU to counteract the divergence among its regions are the
EU Structural and Investment Funds (EU Funds). The EU Funds are primary policy
tools of the EU to counteract the divergence among its regions. They allow regions
that are either less developed or deal with structural problems to obtain funding op-
portunities that can increase the attractiveness and competitiveness of these regions.
For instance, the aforementioned cycling road and Freedom Cycling Bridge, along
with (re-)construction of other border crossings in the area, are examples of projects

that were made possible with the help the EU Funds.

Chapter 1 of this thesis is therefore dedicated to the impact of the EU Funds on
regional economic growth rate in the EU.! The starting point of our road, taken to-
gether with Jan Fidrmuc and Olga Zajkowska, was Dall’erba and Fang (2017), who
find mixed effects of the impact of EU Funds on regional economic growth. They
go on to argue that one of the reasons contributing to the wide range of results is
the presence of endogeneity and the failure of most studies’ methodological designs
to account for it. That is, regions dealing with structural issues have a lower GDP
per capita but at the same time receive a higher amount of EU funds to cope with
their underdevelopment. Recently, several studies have employed quasi-experimental
methods to address the endogeneity of EU Funds in regional growth analyses, pri-
marily relying on regression discontinuity designs exploiting the allocation cutoffs
for higher funding (Becker et al., 2010, 2018; Pellegrini et al., 2013; Gagliardi and
Percoco, 2017; Ferrara et al., 2017; Percoco, 2017; Cerqua and Pellegrini, 2018). In-
stead of a regression discontinuity design, we employ an original instrumental variable

approach to account for the potential simultaneity between EU Funds and regional

IThis chapter was published as Fidrmuc et al. (2024).
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growth. Our instrument is the proportion of an area of a region that is covered by
Natura 2000 network of protected zones. The idea is that making an area subject to
natural protection can restrict some economic activities in the area or make them
more costly. As our IV estimates are larger than the OLS estimates, our findings
point to a downward bias of the OLS. Additionally, we find evidence of potentially

important positive spillovers of EU funds on nearby regions.

The European Commission (2021) report nicknames border regions in the EU as areas
that are the “living labs of Furopean integration”. The reason is that as EU integration
eliminates borders to enable the free movement of capital, goods, labor, and persons,
border regions become areas where people interact the most, whether it is due to
work or recreational purposes. As such, these interactions can help border regions
to become less peripheral within their own country or provide insights on barriers
facing European integration. Consider again the construction of the Freedom Cycling
Bridge. Projects like this illustrate how EU integration and funding can reduce border

frictions and stimulate economic and social activity in border municipalities.

Therefore, in Chapter 2 of the thesis, I analyze the impact of the Eastern EU enlarge-
ments on the border urban municipalities separated by borders that transformed
from EU external borders to intra-EU borders in the course of the enlargements.? It
is important to note here that to define the border units, this thesis employs the EU
definition that uses the 25 kilometer threshold from a border, and takes into account
only land borders. Additionally, the distance to the nearest border is used, when

classifying borders into groups.

I build on the seminal paper by Brakman et al. (2012), which compares the devel-
opment of border cities and regions of every EU enlargement with the development
in the interior of the country in terms population share relative to the national pop-
ulation. Brakman et al. (2012), as well as subsequent analyses at the regional and

municipal levels (see, among others, Wassmann, 2016; Briilhart et al., 2018; Heider,

2This a solo-authored paper.
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2019; Gouveia et al., 2020; Kapanadze, 2021, 2022; Bachtrogler-Unger et al., 2023;
Coufalova et al., 2024; Mitze and Breidenbach, 2024; Poehnlein, 2025), generally re-
port a positive impact of Eastern EU enlargements on border areas. However, the
studies on the municipal level are most of the time restricted to one or two countries,
due to data availability issues. I contribute to the existing literature by assessing the
impact of the Eastern EU enlargements on border municipalities across all acceding
member states and their EU15 neighbors, using night-time lights data as a proxy
for economic development. The analysis also highlights the heterogeneity of these
impacts. By employing data at a finer spatial scale, incorporating recent advances
in causal inference, and accounting for anticipation effects, this study provides new

insights into the differentiated effects of European integration across border regions.

My results can be surprising at first, as they indicate a positive effect for urban munic-
ipalities of the same cohort near the borders between two new member states (NMS),
while a negative effect for urban municipalities of the 2004 enlargement located in
NMS close to borders with EU15. Yet, when I consider possible anticipation of the
enlargement, I find a positive impact for the latter group stemming from pre-accession
liberalization between EU15 and NMS countries. Correspondingly, the favorable ef-
fects of integration precede the EU enlargements and are spread out over a longer
period. My findings highlight significant heterogeneity across EU enlargements and
among different types of urban municipalities. Notably, border urban municipalities of
the 2004 enlargement with foreign market potential in the third quartile experienced
an increase in night-time lights, underscoring the importance of market access. Fur-
thermore, smaller urban municipalities of the 2007 enlargement also benefited from
EU accession. Finally, I find only limited evidence that natural barriers hampered the

accession benefits for border municipalities in the case of the Croatian enlargement.

One benefit of EU integration for border regions is that it allows economic agents
to take advantage differences across countries. For example, an inhabitant on the
Austrian side of the border can cross into Slovakia to purchase cheaper products,

while a resident on the Slovak side may find higher-paying employment in Austria.
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These opportunities can increase the attractiveness of border areas for firms, as they
provide access to larger markets and a more flexible labor pool. On the contrary,
administrative barriers as well as differences in languages or level of EU integration,

can reduce the appeal of border areas.

Building on these dynamics, Chapter 3 of this thesis examines the border regions of
the 2004 enlargement from the perspective of firms.? Together with Nicolas Debarsy
and Jan Fidrmuc, we use historical Orbis data to compare the profitability of firms
located in border areas with those in the interior of the same countries. This analysis
allows us to evaluate the attractiveness of border areas and the potential for firm
success in the regions affected by the 2004 enlargement. Our work relates to Fantechi
and Fratesi (2023), who compare firms located in Italian border areas to the ones
located further away. Their results show that firms located immediately close to a
border face a disadvantage mainly in the production sectors. Studies on the 2004
enlargement concentrate mainly on the FDI (Jones et al., 2020), multinational firms
Merlevede and Purice (2019) or just one country (Braakmann and Vogel, 2010). We
contribute to this literature by looking at single unit firms in border areas of the 2004
enlargement as well as firms located close to external borders of the EU and compare

their profitability to firms located in the interior of these countries.

In comparison to the night-time lights data used in the previous chapter, the firm level
data provides us with more detailed disaggregation information, which can enlighten
our understanding of border regions. The downside of the firm level data is that it
starts in 1999. As Chapter 2 highlights, the period between 1999 and 2004 is already
marked by anticipation effects. Furthermore, the number of firms and quality spatial
coverage is fairly low in the first years and improves with time. These factors do not
allow us to conduct a clean and precise impact analysis of the 2004 enlargement on
firm level. Nevertheless, we can still compare the performance of firms in the border

areas of the 2004 enlargement, illustrating differences between them.

3This paper is co-authored with Nicolas Debarsy and Jan Fidrmuc.
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Our findings suggest a decrease in profitability for firms located in new member states
in the proximity to borders with EU15 countries. This might be an effect of an increase
in competition from the other side of the border or persistence of barriers. Moreover,
our results suggest that the effects are distributional: only small firms in the NMS
near EU15 borders have a higher profitability compared to firms in the interiors, with
the effect declining with firm size. Hence, the border areas in NMS close to borders

with EU15 remain less attractive for larger firms.

Lastly, by examining variations in impact across sector groups, we observe a stark
contrast between firms located in NMS near the EU15 and those near the external
borders. Firms close to the EU15 exhibit higher profitability in non-agriculture sec-
tors, while profitability in the agriculture sector is lower and declining. In contrast,

profitability in the production sectors is lower in the vicinity of external borders.

It should be emphasized that Chapter 2 and Chapter 3 compare units in border
areas to ones located further inland. As such, the negative or insignificant effects
found in these chapters do not imply that these border areas do not benefit from
EU enlargement. In a similar fashion, a positive effect has its own limitation. For
example, a higher growth in night-time lights may represent an expansion of an urban
municipality, but if not accompanied by the provision of sufficient amenities, it may

not translate into an increase of welfare.

Together, these three chapters highlight some important gains that ensue from Eu-
ropean integration, but also suggest that such gains are highly heterogeneous and
context-dependent. The chapters now follow the progression in data granularity, mov-
ing from administrative NUTS2-level data in the first chapter to night-time lights and
firm-level data in the subsequent chapters, allowing for increasingly detailed insights

into the effects of integration.



Chapter 1

The long and winding road to find the impact
of EU funds on regional growth: IV and spatial

analyses

1.1 Introduction

One of the key principles of European integration has always been solidarity. This
has been manifested, most prominently, in the funding set aside to support regional
development within the European Union (EU): Cohesion Policy, the primary tool
of regional policy in the EU’s toolbox, accounts for approximately one third of its
budget.! Its importance, furthermore, has been increasing over time: from less than
10% of the EEC budget in the 1970s and the early 1980s to 32.5% in the 2014-20
EU budget.? This reflects the changing priorities of the EU budget in line with the
European Union’s expansions. Initially, the EEC comprised six founding members
who were at similar levels of economic development so that there was little perceived
need for regional redistribution. Rather, on the backdrop of food shortages during the

Second World War, the bulk of EU spending was dedicated to supporting agriculture

1'We use the terms Cohesion Policy, EU funds, and regional policy interchangeably throughout the
paper as they are broadly similar (though not entirely identical). When referring to Cohesion Policy,
we refer not only the the EU’s Cohesion Fund but also to other related funding instruments such
as the European Regional Development Fund (ERDF), the European Social Fund Plus (ESF+),
the European Agricultural Fund for Rural Development (EAFRD), and the European Maritime,
Fisheries and Aquaculture Fund (EMFAF).

2The European Economic Community (EEC) was the original name of what later came to be known
as the European Community (EC) and finally the European Union (EU).
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so as to ensure the security of food supply. However, the accession of Greece in 1981,
followed by Spain and Portugal in 1986, resulted in considerable income differentials
among the member states and their regions. The Southern European countries were,
furthermore, concerned about greater competitive pressure following their entry to the
Single Market: the increased allocation of funds to regional policy served to alleviate
their fears that they would be adversely affected. These considerations were further
strengthened after the German Reunification in 1990 and the Eastern enlargements
in 2004, 2007 and 2013. Correspondingly, the relative importance of EU funds has
increased and the Cohesion budget has almost caught up with the funding earmarked

for the Common Agricultural Policy.

The evidence on the growth-boosting effect of EU regional policy, however, has been
rather mixed so far. Some studies do find that Cohesion Policy has had a positive
impact on economic growth. Other analyses, however, yield an insignificant or even a
negative effect. Broad overview studies by Dall’erba and Fang (2017) and Marzinotto
(2012) observe a general lack of consensus in the literature over the sign of the effect
of regional policy on growth. Given the considerable amounts of money that the EU
spends on Cohesion Policy, it is disappointing that clear and overwhelming evidence

of a positive effect remains elusive.

Nevertheless, the absence of evidence of a positive effect does not necessarily imply
that no such effect exists. The positive effect could elude the researchers for a num-
ber of reasons. First, the analyses can be plagued by measurement errors in data on
growth or Cohesion Policy transfers. Second, the estimated impact of EU funds on
regional growth is likely to be endogenous, either because of omitted variables (such
as structural issues and other factors jointly affecting eligibiity for regional aid and
economic growth), or because of reverse causality (Cohesion payments being shaped
by regional economic development). Third, the effects of an investment in any par-
ticular region can spill over to other regions. Not accounting for such spillovers could
diminish the estimated regional effect of Cohesion Policy. We discuss these issues in

detail in the following section.
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In this paper, we join the fellow travellers seeking to correctly identify the effect of
Cohesion Policy on regional economic growth. We offer several important innovations.
First, we use an updated and more extensive dataset, with Cohesion transfers and
growth measured in annual frequency (most previous studies were limited to data
measured for the so-called Programming periods comprising six to seven years. Sec-
ond, we address potential endogeneity concerns by introducing a novel and previously
unused instrumental variable, the extent of environmentally protected areas under
the Natura 2000 program, linking environmental characteristics to funding allocation
in a way that is plausibly exogenous to growth outcomes. Third, we estimate a Spa-
tial Durbin Model (SDM) so as to capture the potential spatial spillover effects of

Cohesion Policy.

Our findings underline the strength of this approach. We show that environmental
protection, proxied by the fraction of the region’s area under protection and the num-
ber of protected sites in the region, is positively correlated with the amount of funding
that the region receives from Cohesion Policy. The Cohesion Policy funding, in turn,
translates into higher regional economic growth. The results of our spatial analy-
sis, furthermore, suggest that Cohesion Policy indeed has important cross-regional

spillover effects on growth.

How much bang does the EU get for its Cohesion Policy buck? In the next section,
we briefly discuss the existing literature on the impact of Cohesion Policy on regional
development. The data we use are described in section 3. In section 4, we explain
the construction of our instrument and present our analysis of endogeneity-robust
effect of Cohesion Policy on regional economic growth. We then present the result of
our spatial analysis in section 5. We summarize our findings and put them into the

broader context in the last section.
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1.2 The Road So Far

The EU spends around one-third of its budget on Cohesion Policy — regional aid to
less-developed regions. This makes Cohesion the second largest expense item, just
slightly lower than the CAP. Unsurprisingly, questions have been raised about the

merits of dedicating such a large share of EU funds to regional aid.

In principle, Cohesion Policy should stimulate regional development.? It prioritises
lagging-behind regions, often with structural problems, where it targets areas with
significant growth-promoting potential: infrastructure improvements, education, in-
novation, job creation, environmental sustainability and climate change, social in-
clusion, and ageing (Barca, 2009). Nevertheless, generally, all member states receive
transfers from Cohesion Policy, not only the less afluent ones. Therefore, the Cohe-
sion Policy should be seen as relatively uncontroversial and broadly beneficial. Are

these optimistic expectations borne out by the evidence?

The existing literature on the effect of EU funds on economic growth paints a rather
mixed picture. Some studies find a positive impact on economic growth (Beugelsdijk
and Eijffinger, 2005; Bradley et al., 2004; Bradley and Untiedt, 2007; Maynou et al.,
2014; Radvansky et al., 2015; Rodriguez-Pose and Fratesi, 2004; Cappelen et al.,
2003; Venables and Gasiorek, 1999; Cerqua and Pellegrini, 2018). Others conclude
that the effect is either insignificant or even negative (Boldrin et al., 2001; Fagerberg
and Verspagen, 1996; Dall’Erba and Le Gallo, 2008; Eggert et al., 2007). The meta-
analysis by Dall’erba and Fang (2017) reviews the quantitative evidence in 17 studies
which together yield 323 estimates of growth elasticities. The average estimate is
close to zero at 0.174 and the range of estimates is high: from —7.6 to 6.3. Marzinotto

(2012), in another survey, also finds the literature inconclusive, and points out that the

3As Rodriguez-Pose et al. (2024) note, with the evolution of economic theory, the understanding of
how the EU funds should help regional development is shifting. Initially grounded in the neoclassical
growth model, the emphasis was placed on investments in physical infrastructure. With the rise of
new economic geography, attention shifted toward enhancing connectivity and accessibility through
improved infrastructure. More recently, the focus has expanded to recognize the crucial role of
institutional quality in fostering regional development.
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effects obtained in empirical studies fall short of those predicted by macroeconomic

simulations.

The broad range of findings in the previous literature can be attributed to differences
in methodological approaches, or it can reflect heterogeneity in the way such transfers
affect regional economies. As for the former, Dall’erba and Fang (2017) observe that
the later the research was conducted, the higher was the estimated impact of EU
funds. This could suggest that there is a learning effect on the side of the researchers
whose methodological approaches improve over time, or that the member states learn

over time how to use European subsidies better and more efficiently.

It is reasonable to expect that the member states allocate the resources received
from EU Funds first to the projects with the highest rate of (social) return, followed
by those with a lower return, and so on. Then, member states with more generous
allocations of funds should display lower average rates of return. The effect of EU
funds need not be monotonous, however. For example, funding may need to reach
a minimum critical mass to have a measurable positive impact on regional growth
(Becker et al., 2012). In line with this reasoning, Becker et al. (2012) estimate a non-
linear relationship between Cohesion transfers and regional growth and find that it
peaks when the EU funds account for just above 1% of the region’s GDP. Fiaschi

et al. (2018), in a later study, obtain a higher optimal level of around 3%.

Dicharry (2020) puts forward a different argument: the return to regional policy can
depend on the speed of implementation. The reason for this is the EU rules that
stipulate that regions lose their Cohesion Policy allocations if the funds are not used
within a specified period of time. This may induce them to apply for funding to fi-
nance projects that are simple and easy to implement. Such safe projects, however,
may be lacking in terms of originality and innovative capacity. Dicharry (2020) finds
that while the overall impact of Cohesion Policy on regional development is posi-
tive, it indeed declines with the speed of absorption. He suggests that inefficiently

fast absorption of EU funds may be a factor behind the comparatively poor growth
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performance of Southern European countries, in particular.

Several studies argue that the effect of EU funds on regional growth is conditional
on other outcomes. The impact of regional policy has been found to be reinforced by
sound (national or local) institutions (Rodriguez-Pose and Garcilazo, 2015; Rodriguez-
Pose and Ketterer, 2020; Becker et al., 2013; Casula, 2021), quality of human capi-
tal (Becker et al., 2013), decentralization of decision-making from the national gov-
ernment to the local level (Bahr, 2008; Védrine, 2020), quality of local government
(Crescenzi et al., 2017; De Matteis et al., 2021), and by the effective oversight of how
the EU funds are used (Wostner and Slander, 2009). Hence, the absorption capacity
of the recipient regions can crucially depend on the presence (or absence) of specific

conditioning factors in the recipient region.

Other contributions find evidence of heterogeneity across different sectors of the econ-
omy, or across EU funding objectives. Mohl et al. (2008) and Fiaschi et al. (2018)
argue that the positive effect of Cohesion Policy is primarily limited to the Con-
vergence Objective (which was previously known as Objective 1 and targets regions
whose regional GDP per capita is less than 75% of the EU average). Percoco (2017)
observes that EU funds disproportionately flow into the service sector, where their
effect is higher when this sector is still relatively underdeveloped. Rodriguez-Pose and
Fratesi (2004), in turn, conclude that investments in human capital and education
have a positive impact on economic growth, in contrast to spending on infrastruc-
ture or business support. Such differences can matter because member states have
different priorities for the use of European funds — the more developed countries tend
to invest more in innovation and education while the less developed ones prioritize
infrastructure (Berkowitz et al., 2020). Moreover, the less developed countries receive
mainly Convergence Objective funding whereas if the more developed member states
receive funding, it is under other objectives. Such differences could therefore help

explain why the estimated effects funds vary.

Another potentially important explanation for the weak and mixed evidence on the
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effect of European funds on growth is endogeneity. This can even stem from the
institutional set-up of Cohesion Policy, with less developed regions being given more
funding. Consider two regions, both initially at just under 75% of the EU-average
regional GDP per capita, and thus eligible for Convergence Objective funding. If one
region is stricken by structural problems (such as being dominated by a declining
industry), it will tend to report a lower rate of growth. As a result, this region will
remain eligible for Cohesion Policy funding longer — and it may even receive additional
funding to help it overcome its structural issues. The other region, in contrast, will
quickly lose the eligibility for Convergence Objective funding. Being free of structural
issues, it may continue growing faster than the first region even after crossing the
Convergence Objective threshold. This would result in a negative correlation between
fiscal transfers and growth, which would be spurious as it would be driven by an
omitted factor — the presence of underlying structural problems in the first region —

rather than by a causal negative effect of regional policy.

Dall’erba and Fang (2017) observe that most studies on the effectiveness of Cohesion
Policy tend to ignore the challenge posed by endogeneity. This is largely owing to
the difficulty with finding suitable instruments for Cohesion Policy. One exception to
this is Dall’Erba and Le Gallo (2008), who use geographical distance and travel time
to Brussels as IV. However, as these instruments are constant over time, they can be
used only in a cross-section analysis. In their analysis, Dall’Erba and Le Gallo (2008)
conclude that the process of convergence among European regions is ongoing, but the

EU Funds do not play much role in it.

Recently, a number of papers sought to tackle endogeneity by means of quasi-experimental
methods. Becker et al. (2010, 2018), Pellegrini et al. (2013); Gagliardi and Percoco
(2017); Ferrara et al. (2017); Percoco (2017) and Cerqua and Pellegrini (2018) take
advantage of the fact that the bulk of EU funds is distributed in line with the Con-
vergence Objective (recall that under this objective, a large share of Cohesion funds
is set aside for regions whose regional GDP per capita is below 75% of the EU av-

erage). This makes it possible to apply the regression discontinuity design (RDD):
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arguably, regions that are just below and just above this threshold should be very
similar to each other in every respect other than their eligibility to receive Cohesion
transfers. Giua (2017) and Crescenzi and Giua (2020) follow a similar approach, but
consider municipalities and areas on either side of the geographical borders between
Convergence Objective regions and adjacent regions that do not qualify for funding
under this objective. The studies using RDD find that Cohesion Policy payments
have a positive endogeneity-robust impact on growth and, in some instances, also on
employment. Again, there is evidence of heterogeneity across regions and countries.
Crescenzi and Giua (2020) find especially robust growth effects for German regions,
compared to less compelling evidence for Italy and Spain. Gagliardi and Percoco
(2017), in turn, conclude that the benefits are especially pronounced in rural regions

close to major urban agglomerations.

Other quasi-experimental studies rely on finding (or creating) a suitable control group
of regions that are similar in every aspect other than being beneficiaries of regional
policy funding. Barone et al. (2016) and Di Cataldo (2017) apply the Synthetic Con-
trol Method to construct so-called synthetic clones for the regions that have lost the
Convergence Objective status (in Italy and the UK, respectively). The clones are
constructed as weighted averages of other regions, selected to ensure that the origi-
nal region and its clone are as similar as possible in the pre-treatment period. This
allows them to compare the actual performance of the region with its hypothetical
performance had it remained eligible for Cohesion funding. Both studies conclude
that the loss of the Convergence Objective eligibility is associated with a deceleration
of growth. Finally, Bachtrogler and Hammer (2018) and Bachtrogler et al. (2020) use
propensity score matching at the firm level to compare the performance of beneficia-
ries of Cohesion Policy funding with otherwise similar firms without such subsidies.
They find that European funds help firms grow bigger, however, the recipient firms

do not seem to become more productive as a result of this funding.

Yet another explanation for weak or insignificant results could be ignoring regional

spillovers of the Cohesion Policy (Berkowitz et al., 2020; Hagen and Mohl, 2011). EU
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Funds are disbursed for projects located in specific regions. Most studies therefore
seek to identify an impact of such expenditure on the recipient region. The EU,
however, is a closely integrated market where goods, services, labor and capital readily
cross regional or national boundaries. EU-financed spending, therefore, can also boost
output in a broader geographical area if the investments are realized by firms or with
deliveries from nearby regions. Similarly, the benefits of these investments, when
completed, can accrue to other regions too. However, the results of this part of the
literature, are once again mixed. On the one hand, Fiaschi et al. (2018) propose a
growth model that stipulates that EU funds can affect regional growth both directly
(in the recipient region) and indirectly, by generating spatial externalities. They then
present empirical evidence that such spatial spillovers were indeed important in the
EU-12 countries. Similarly, Bachtrogler-Unger et al. (2022), using satellite-captured
light emissions, find a positive impact of Cohesion Policy both in the recipient regions
as well as in the neighboring regions. On the other hand, Le Gallo et al. (2011)
conclude that the Cohesion transfers do not contribute to economic growth in a
spatial-spillover model estimated for the EU as a whole, although they do appear to
boost growth in peripheral regions of the EU (the UK, Greece, and Southern Italy).
De Dominicis (2014) similarly fails to obtain a significant impact for the EU as a whole
but finds a positive effect for the less developed regions of the EU15. Dall’Erba and
Le Gallo (2008) likewise find no overall effect of EU funds on economic convergence,
but they identify convergence from core to peripheral regions. Breidenbach et al.
(2019) present even more disappointing finding based on a model incorporating spatial
spillovers: their results suggest that the EU Funds may have a negative effect on

regional growth.

With our analysis, we build on and extend the existing literature by contributing
further to the quest to determine the nature and sign of the effect of Cohesion Policy
on growth. We utilize a more extensive data set than most previous studies, including
both old and new member states. Our study is also one of very few based on annual

data. We proceed along two avenues. First, we consider the impact of Cohesion Policy
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Table 1.1: Overview of variables.
Abbreviation Description Source
Ayijt regional GDP per capita growth Cambridge Econometrics
In (yijr-1) natural log of regional GDP per capita lagged Cambridge Econometrics

ln(s,-jt)

In(nij + g + J)
wgipcajs

In(eu frije + 1)

In (area_propij +1)

countjj
EU10

EU3

GIPS

by one year

natural log of the ratio of gross fixed capital for-
mation on regional GDP

natural log of the sum of population growth,
technology growth and depreciation rate
composite indicator of the world governance in-
dicators

natural log of the yearly ratio of EU funds to
regional GDP

natural log of the proportion of area covered by
Natura 2000 sites

number of Natura 200 sites in a region

binary variable for the regions of the countries
joining the EU in 2004

binary variable for the regions of the countries
joining the EU in 2007 and 2013

binary variable for the regions of the southern
periphery (Greece, Italy, Portugal and Spain)

Cambridge Econometrics
Cambridge Econometrics.
Kaufmann et al. (2011)

DG REGIO

European Environmental Agency

European Environmental Agency

funding on recipion regions in OLS and 2SLS framework. For the letter, we use the

presence of environmentally protected areas in each region to construct instrumental

variables for Cohesion funding. An advantage of this approach is that it allows us

to account for the intensity of regional aid received — rather than using a dummy

variable to measure qualifying (or not) for a specific objective. Furthermore, it allows

us to include funding under all objectives rather than focus only on one objective of

Cohesion Policy spending (such as the Convergence Objective). Second, we estimate

a spatial model in order to allow for spatial spillovers. We apply these two approaches

one at a time, to demonstrate how the results differ from the baseline OLS estimates.

1.3 Data

Given the nature of our analysis, we have to combine data from a number of different

sources. First, we use the annual receipts of EU funds at the level of NUTS2 regions

as reported by the European Commission.* Until recently, only the total payments

4Seehttps://cohesiondata.ec.europa.eu/EU-Level /Historic-EU-payments-regionalised-and-modelled/
tcb5-7ysv. The dataset contains information from the following funds: European Regional De-
velopment Fund, European Social Fund, Cohesion Fund, European Agricultural Fund for Rural
Development, European Maritime and Fisheries Fund (Roemisch, 2017).


https://cohesiondata.ec.europa.eu/EU-Level/Historic-EU-payments-regionalised-and-modelled/tc55-7ysv
https://cohesiondata.ec.europa.eu/EU-Level/Historic-EU-payments-regionalised-and-modelled/tc55-7ysv
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Table 1.2: Descriptive statistics

Statistic N Mean  St. Dev. Min Pctl(25)  Pctl(75) Max
Ayijr 4896 0.016 0.037 —0.153 —0.003 0.034 0.432
In (]/ijt—l) 4896 9.804 0.697 7.368 9.566 10.235 11.501
ln(i’lijt +9+9) 4896 —2.777 0.151 —7.142 —2.832 —2.711 —2.068
ln(s,'jt) 4896 —1.533 0.227 —2.922 —1.665 —1.408 —0.415
In(eufri; +1) 4896 0.007 0.013 0.000 0.001 0.007 0.130
wgipcajt 4896 0.375 2.035 —5.415 —1.088 1.879 3.820
In (ureafprop,‘]-t +1) 4896 0.134 0.119 0.000 0.035 0.204 0.578
countij 4896 68.371 109.119 0 7 87 895

Note: Table shows descriptive statistics for variables used in the analyses: growth of regional GDP per capita (Aln(y,‘ﬂ));
the level of regional GDP per capita in the previous year (ln(yi/-[,l)); ratio of gross fixed capital formation on regional
GDP (Si/.‘>§ term containing population growth, technological progress and depreciation rates (ln(n,ﬁ +g+9)); quality of
institutions (wgipcay); ratio of the EU Funds to regional GDP (In(eufrj +1); proportion of area of a region covered by
Natura 2000 protected sites (In(area_prop;;; +1)) and the number of Natura 2000 sites in a region (count;j).

over whole programming periods were available at the NUTS2 level. To the best of
our knowledge, ours is one of the first papers that use these newly available annual
data for an economic analysis of the Cohesion Policy impact.’ Only data covering
the Cohesion Policy payments during the last three completed programming periods,
1994-1999, 2000-2006 and 2007-2013, have been made available in annual frequency
so far, which determines our choice of time period.® Funds allocated to a region in
any given year have to be spent during that year and/or the next two (occasionally
three) years. Our data record the annual payments (rather than commitments) of
Cohesion Policy funds. Because of this, some of the funds committed during the last
2-3 years of the 2007-2013 programming period were only paid out during 2014 to
2016. We keep the information for 2014 (when most of the spending is likely to be
funds allocated during the preceding programming period), but drop 2015 and 2016

from our analysis.” Finally, we use only the total amounts of EU funds received by

5Most of previous analyses used programming-period averages, or used these averages to intrapolate
and estimate annual figures. An example of an innovative approach to constructing annual regional
data is Roemisch (2017) who used annual national project-level data to create estimates of regional-
level annual data, since project names often contained information about the recipient region. Among
the more recent studies that use annual data similar to ours are Rodriguez-Pose and Garcilazo (2015)
and Di Cataldo and Monastiriotis (2020).

6Cerqua and Pellegrini (2018) also use the new yearly data. However, they restrict their analysis to
the regions of the EU15 and 1994-2006 period.

"In principle, the same issue applies to the end of each programming period. However, for the 1994-
1999 and 2000-2006 budgets, the end-of-budget spending overlaps with spending allocated during the
first 2-3 years of the next period, which also appears in our data. It is only the beginning-of-budget
spending in the 2014-2020 programming period that our data set misses.
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Table 1.3: Correlation matrix.

Ayiip In(yiji—1) In(ng +8g+06) In(syy) In(eufry+1) wgipcay In(area_prop +1)

Ay,‘]'[ 1 B

ln(y,-j[_l) -.2141 1 .

11’1(11,‘]'1 +g+ (5) -.1670 4147 1 .

h’l(Sijt) .0802 -.0869 .0954 1 .

ln(eufr;/, +1) -.0322 -.3920 -.2133 .1669 1 .

wgipca,-t -.0452 7501 2926 -.0381 -.3674 1 .
In(area propijr + 1) -.0943 -.0868 .0015 .2060 .3600 -.2077 1

Note: Table shows correlations for variables used in the analyses: growth of regional GDP per capita (Aln(yij,)); the level
of regional GDP per capita in the previous year (In(y;j—1)); ratio of gross fixed capital formation on regional GDP (s;;);
term containing population growth, technological progress and depreciation rates (ln(‘rl,-jt +g+96)); quality of institutions
(wgipcaj); ratio of the EU Funds to regional GDP (In(eufr;; +1) and proportion of area of a region covered by Natura
2000 protected sites (In(area_prop;j; +1)).

each region, without breaking it down further by categories of spending.®

We complement the Cohesion Policy data with regional economic statistics, pro-
vided by Cambridge Econometrics Furopean Regional Database 2016: regional output
per person, population growth, and investment in physical capital.” We also use the
Worldwide Governance Indicators compiled by Kaufmann et al. (2011). These cover
six areas: Voice and Accountability, Political Stability and Lack of Violence, Gov-
ernment Effectiveness, Regulatory Quality, Rule of Law, and Control of Corruption.
We collapse them into a single composite indicator by means of principal component
analysis. The governance indicators are available from 1996 until 2016 at the country
level only! Furthermore, they are available in yearly frequency only since 2002. There-
fore, we impute the missing years using a Monte Carlo simulation of the regression

of the composite index on a polynomial of time.

We thus have data from 1997 until 2014 at the NUTS2 level for 272 regions alto-
gether (in their 2013 definitions). An overview of the main variables (including those
related to our instruments discussed in the next section) is provided in Table 1.1,
while Table 1.2 displays the descriptive statistics. Table 1.3, in turn, reports the cor-
relations between the various variables. The regional distribution of the Cohesion

Policy spending is depicted in Figure 1.1. The figure shows averages over three-year

80nly information on spending by the various EU funds (European Regional Development Fund,
Cohesion Fund, European Social Fund, and European Agricultural Fund for Rural Development) is
available in annual frequency. A breakdown by sectors is available for whole programming periods
only.

9The Cohesion Policy spending could be correlated with investment in physical capital. However, the
correlation coefficient reported in Table 1.3 is relatively low, 0.1669.
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Figure 1.1: Ratio of approximate yearly structural funds to regional
gross domestic product (GDP) in 1997-1999, 2004-2006 and 2012-2014.
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Source: Own depiction based on data from Cambridge Econometrics Database
and DG Regio.

windows at the beginning of the period considered (1997-1999), in the middle and
just after the Eastward EU enlargement (2004-2006), and at the end (2012-2014).
The maps clearly show that the geographical focus of Cohesion spending has shifted
over time. Traditionally, Cohesion Policy mainly benefited regions at the periphery
of the EU15: Southern Europe, East Germany, the northern United Kingdom, and
Ireland. After the Eastern enlargements in 2004 and 2007, the bulk of funding was

redirected towards the new member states in Eastern and South-Eastern Europe.!?

10The new member states were ineligible for Cohesion Policy before joining the EU. We therefore
assign them zero values of Cohesion Policy funds in the pre-accession years. Given that the regions
in the new member states objectively had no receipts from Cohesion Policy in the pre-membership
period, this solution seems appropriate. Assigning them zero EU funds values rather than treating
the pre-membership years as missing observations increases the variation in the data, thus helping
improve the quality of our estimation by adding the before-after dimension. Moreover, missing
values would be appropriate if we did not know the actual figures. This is clearly not the case here.
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1.4 Impact of Cohesion Policy on recipient regions

1.4.1 Constructing the instrument

To deal with endogeneity of regional aid, we require instruments that are correlated
with the transfers that regions receive under Cohesion Policy, but uncorrelated with
the error term in the growth equation. We propose to use the presence of environ-
mentally protected areas (designated as such under the EU’s Natura 2000 program)
in all EU NUTS2 regions. In this subsection, we explain how the Natura 2000 pro-
gram works, what are the practical implications of bestowing a protected status on an
area, and why we believe that environmental protection can serve as an instrument

for Cohesion Policy payments.

The Natura 2000 program was established in the EU in 1992 to grant protected status
to endangered species and their habitats. The protection granted by the Natura 2000
program is enshrined in two EU directives, the Birds Directive and the Habitats Di-
rective.!'’ At present, the Natura 2000 program comprises over 27 thousand terrestrial
and marine conservation areas, covering some 18% of the EU’s land area and 8% of
its sea surface. This makes Natura 2000 the largest network of protected sites in the

world.

For an area to receive protected status, member states first identify sites that they
deem eligible for protection under the Natura 2000 rules.'? These are then proposed
for inclusion in the Natura 2000 network. The merits of the member states’ proposals
are evaluated by the European Commission with input from the European Environ-
ment Agency. The member states’ proposals and the Commission’s decisions are to

be based strictly on objective scientific criteria: the two directives explicitly list the

HCouncil Directive 79/409/EEC (subsequently updated by the Council Directive 2009/147/EC)
and Council Directive 92/43/EEC, respectively. While the Birds Directive was in place already
since 1979, it was the adoption of the Habitats Directive in 1992 which laid the foundations for
the creation of environmentally protected areas. For further detais, see “Natura 2000,” European
Commission, http://ec.europa.eu/environment/nature/natura2000/index_en.htm.

12The member states can also grant conservation status to species and areas under national law if
they wish to protect areas that are not eligible for Natura 2000 protection. For further details, see
https://ec.europa.eu/environment/nature/natura2000/sites/index_en.htm.


http://ec.europa.eu/environment/nature/natura2000/index_en.htm
https://ec.europa.eu/environment/nature/natura2000/sites/index_en.htm.
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species and habitat types which are considered to be of European importance and
eligible for protection. If approved, the sites receive protection under the Natura 2000

Program.

The fact that the species and habitats eligible for protection are determined centrally
by the EU makes it less likely that regions receive conservation status based on na-
tional or local considerations, including economic motives. Such feedback effect from
economic conditions to decisions on conservation status could invalidate our instru-
ments. Another issue would arise if some regions were better at applying for Natura
2000 recognition than others: for example, this could be the case if the administrative
capacity or the quality of bureaucracy were correlated with the success of applica-
tions for Natura 2000 status. Such local-level factors could also be correlated with the
local economic performance. However, such local determinants are likely to be highly
persistent over time so that they should be picked up by the regional fixed effects

(see the Methodology subsection).!3

Moreover, once a site receives the Commission’s endorsement, it generally keeps the
protected status whereas both the regions’ receipts from Cohesion Policy and local

factors can change over time.

After a proposed site has been approved, the member state designates it as either
a Special Protection Area (SPA) or a Site of Community Importance (SCI).'* The
member states then have an obligation to maintain the sites, and even restore them
where required, to ensure the long-term survival of the protected species or habitats.

Note that candidates for EU membership are expected to submit similar proposals

I3Blicharska et al. (2016) also highlight the role of institutional quality in determining the effective-
ness of establishing and governing Natura 2000 sites. More specifically, they discuss challenges that
arise when the implementation of Natura 2000 directives merely adds additional layers of bureau-
cracy to existing conservation frameworks, as well as the extent to which NGOs are involved in the
management or selection of sites and their integration into other EU policies. Similar to the case of
EU funds, these processes may be subject to a learning dynamic. Although we do not control for
this directly, we include a variable that aggregates the World Governance Indicators (WGI) into
a single measure of institutional quality. The evolution of institutional quality, as captured by the
aggregated WGI indicator, may also reflect improvements in the management of Natura 2000 sites
over time.

M The designation used depends on whether the site receives protection under the the Birds Directive
or the Habitats Directive, respectively. The practical implications are broadly similar, however.
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Table 1.4: Natura 2000: Yearly Changes

Aarea__propijy  Acount;j

1997-2014 0.1493 64.85
1998 0.0161 5.33
1999 0.0112 3.77
2000 0.0078 10.64
2001 0.0105 4.46
2002 0.0143 4.64
2003 0.0081 5.71
2004 0.0303 13.35
2007 0.0055 0.94
2008 0.0012 1.44
2009 0.0055 2.06
2010 0.0039 0.38
2011 0.0023 1.08
2012 0.0042 2.04
2013 0.0002 0.43
2014 0.0012 0.18

Note: Average annual changes in the area under environmental protection, and in the
number of protected sites, at NUTS2 level. The figures for 1997-2014 are the overall
changes during this period, not the average changes per year.

during the accession negotiations so that new member states can already have several

protected sites by the time they join the EU.

Given the bureaucratic nature of the process, the Natura 2000 network has been
only growing gradually. This is documented in Table 1.4, which reports the increase
in the size of the Natura 2000 network for the average NUTS2 region during the
period considered, 1997-2004. The first column reports the change in the area under
protection (as share of the overall area), while the second column shows the number
of sites added to the network. The average NUTS2 region granted new protection to
some 15% of its area during the full period, and this amounts to 65 new protected
sites per region on average. Looking at the individual years, the area under protection
grew the most in 2004 (by 3.0%) and 1998 (by 1.6%), while the number of protected
sites increased the fastest in 2004 (by 13 new sites per region on average) and 2000
(11 sites per region added). Figure 1.2 shows how the size of the network expanded

in individual regions. It depicts the proportion of the area of Natura sites to the total
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Figure 1.2: Ratio of the area of Natura 2000 sites to a region’s total
area in 1997-1999, 2004-2006 and 2012-2014.
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area of each region over the same three-year windows as those in Figure 1.1: 1997-
1999, 2004-2006, and 2012-2014. The size of the Natura 2000 network has increased
markedly in the Mediterranean countries (especially Spain, Greece, France) and the
new member states (most notably Bulgaria, Romania, Slovakia, and Poland). By

2014, the Natura 2000 network was represented in the vast majority of EU regions.'?

It is important to note that most Natura 2000 sites are not free from human presence
or activity. Some 50% of the protected area is forested (but only around 13% is
classified as wild), with most of the remaining area (around 40%) being agricultural

eco-systems.' Some sites are of urban or industrial character: examples include ports,

151y fact, only six regions had no protected sites in 2014: Guadeloupe, Martinique, French Guiana,
Réunion, Inner London and Outer London. The first four of these are French overseas territories
located outside of Europe, the remaining two are regions of entirely urban nature.

16See https://ec.europa.eu/environment/nature/natura2000/ .


https://ec.europa.eu/environment/nature/natura2000/.
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(disused) mines, and roofs of old buildings. The protected sites also vary considerably
in size: from 1 m? (an abandoned mine in Slovakia which serves as a nesting site
for several protected species of bats) to vast national parks and marine conservation

areas.

To construct the instrument, we use the information on the location and size of Natura
2000 areas.'” Based on the geospatial data from the EEA and Eurostat,'® we match
each site (excluding marine areas) with NUTS2 regions based on the coordinates of
the centroids of the Natura 2000 sites. In some cases, the centroid of a protected site
appears to lie in a different region because of the specific shape of the site and the
location of administrative borders of regions.' For that reason, we web-scraped the
publicly available application forms of the Natura sites and corrected the mistakes
that arose in this way. Lastly, we aggregate the individual sites in each NUTS2 re-
gions, yielding two summary regional figures: the proportion of each region’s area
that is protected by the Natura 2000 program, and the number of environmentally
protected sites per regions. These two variables constitute our instruments. Since they
are different expression of the same underlying information, we use them one at a

time rather than jointly.

The regions with a high density of Natura 2000 sites tend to receive more EU funds:
the correlation between the proportion of region’s area that is protected by Natura
2000 and the ratio of Cohesion transfers to regional GDP is 0.33: positive although
not very high.?? On the other hand, the correlation between the area under protection

and the growth of output per capita is close to zero (and in fact moderately negative)

"These are published by the European Commission: https://ec.europa.eu/environment/nature/
natura2000/data/index_en.htm. The precise geographical coordinates of all Natura 2000 sites were
required to allocate the sites to individual NUTS2 regions and also to compute the area of each
site. The source of the coordinates is the European Environmental Agency (EEA): http://www.
eea.europa.eu/data-and-maps/data/natura-1 and http://bd.eionet.europa.eu/activities/
Natura_2000.

18See http://www.eea.europa.eu/data-and-maps/data/biogeographical-regions-europe-3 and
https://ec.europa.eu/eurostat/web/gisco/geodata, respectively.

For example, some Natura 2000 sites are constituted by rivers. If the river also is the border of a
region and it forms a bend, then the centroid of the site may be located in an adjacent region.
20The moderate correlation can undermine the strength of our findings. Nevertheless, as we discuss

below, the first-stage F-statistic is well above the rule of thumb value of 10 in all instances.


https://ec.europa.eu/environment/nature/natura2000/data/index_en.htm
https://ec.europa.eu/environment/nature/natura2000/data/index_en.htm
http://www.eea.europa.eu/data-and-maps/data/natura-1
http://www.eea.europa.eu/data-and-maps/data/natura-1
http://bd.eionet.europa.eu/activities/Natura_2000
http://bd.eionet.europa.eu/activities/Natura_2000
http://www.eea.europa.eu/data-and-maps/data/biogeographical-regions-europe-3
https://ec.europa.eu/eurostat/web/gisco/geodata
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at —0.10 (see Table 1.3). While the exclusion restriction cannot be formally tested,
this suggests that our instrument is correlated with the endogenous variable but not

with the dependent variable.?!

We can see several potential reasons why there should be a correlation between envi-
ronmental protection and Cohesion Policy spending. First, the presence of environ-
mentally protected sites limits the nature and scope of industrial activity and infras-
tructure building in the region. Because of their protected status, human habitation
and economic activity within protected sites have to be environmentally sustainable
and are subject to restrictions. This means that some activities may not be allowed at
all, such as industrial or agricultural production resulting in excessive pollution, noise,
or habitat destruction. Other activities may be possible subject to specific constraints.
For example, a new road through a protected area may have to be built according to
more demanding specifications (such as adopting noise-reducing measures or having
additional features to allow safe and unhindered access to a nesting site of a protected
species) or it may have to be planned differently (such as going around the nesting
site instead of taking the shortest possible route). Hence, environmental conservation
may preclude some investment and activities, while others are likely to be more costly
on account of the additional requirements. The net effect on the volume of investment

can be either positive or negative.

Second, the regions hosting protected sites are likely to have better access to Co-
hesion Policy funding. The Natura 2000 network has some dedicated direct funding
but this is limited in nature: Gantioler et al. (2014) estimate that the annual funds
available to finance Natura 2000 sites are just under €6 million. The primary respon-
sibility for financing the conservation activities in Natura 2000 sites thus lies with
the member states. Nevertheless, the member states have various co-financing op-

tions from European sources. Specifically, the European Regional Development Fund

21Tn Table A1, we include the instrument in the first stage. The results suggest a weak correlation
in the simple regression, which strengthens once the full model is specified. However, as we discuss
below, this relationship likely reflects an indirect effect operating through EU funds rather than
a direct impact. The mechanisms through which Natura 2000 shapes local economic development
remain understudied and thus present an important avenue for future research.
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(ERDF), Cohesion Fund (CF), European Agricultural Fund for Rural Development
(EAFRD), and also the Common Agricultural Policy (CAP) explicitly offer funding
to protect and restore biodiversity and to promote ecosystems (although the bulk of

their funding is dedicated to purposes unrelated to environmental conservation).??

A third possibility is that receiving EU funds affects a region’s eligibility for the
Natura 2000 recognition. However, with the species and habitats deserving protec-
tion being decided centrally, the success of an application for protected status should
be primarily determined by the preexisting environmental conditions and biodiver-
sity. The use of EU funds could affect these but mainly adversely: for example, EU
funds could be used to build infrastructure which destroys a habitat that would have
been eligible for protection. Such a pattern, however, would imply a negative correla-
tion between Cohesion spending and the presence of Natura 2000 sites, which is the

opposite of what we observe.

The preceding discussion suggests that the relationship between Cohesion Policy
spending and the extent of environmental protection could be either positive or neg-

ative. The positive correlation that we observe suggests that the net effect is positive.

1.4.2 Methodology

To assess the impact of Cohesion Policy on regional growth, we estimate a standard
Solow-Swan growth model (Mankiw et al., 1992; Islam, 1995) augmented to include
Cohesion Policy transfers as well as institutional quality. The model is estimated
with annual data at the regional level (NUTS2, except for institutions, which we only

observe at the national level, as discussed above). Specifically, we estimate

Aln(yijr) =Po + BrIn(yije—1) + B2In(sijr) + B3 In(nij + g + ) + Bawgipcaj;
+ y1In (eufrij +1) + y2In (eufrij +1) * objlyje + y30bjlye (1.1)

+ Hj + 1+ Uijt.

228ee https://ec.europa.eu/environment/nature/natura2000/ and https://ec.europa.eu/
regional_policy/en/policy/themes/environment/. We are grateful to an anonymous referee for
suggesting this relationship between environmental conservation status and EU funding.


https://ec.europa.eu/environment/nature/natura2000/
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The dependent variable is the log-difference of per-capita output of region j located
in country 7 and observed at time t. The first line of equation (1.1) contains the
standard elements of the Solow model: the lagged output per capita y;j;—1, measured
in the preceding year, the ratio of gross fixed capital formation to regional GDP,
Sijt, and a term containing population growth, n;j, technological progress, g, and
depreciation, d;j;. Since we do not observe g and ¢, we follow the practice common
in the literature and replace their sum with a constant term equal to 0.06.23 To this,
we add the weighted average of the World Governance Indicators, wgipca;;, with the

weights determined by principal component analysis.

Next comes our variable of interest: the ratio of the EU funds regional GDP (eufrj;).
Since some regions receive no funds in some years, we add 1 to this ratio before
taking logs. In the baseline specification the Cohesion Policy can only impact eco-
nomic growth in the same way across all region types. However, we also estimate
an alternative specification where we account for the fact that the less developed re-
gions receive priority access to funding under the Convergence Objective. Therefore,
we include a dummy for qualifying for the Convergence Objective, 0bjl;j;. Approx-
imately half of EU funds are set aside for Convergence Objective regions, making
these regions the primary beneficiaries of Cohesion Policy.?* Previous contributions,
for example Becker et al. (2012) and Fiaschi et al. (2018), find heterogenous effects
of regional transfers depending on the objective under which the funds are disbursed.
This can be because of the types of investment financed under different objectives, or
because some regions display limited absorption capacity as the amount of funding
they receive exceeds the growth-maximizing level (Becker et al., 2012). Finally, we

also include fixed effects for regions, p;, and time, 7.2

Z3Mankiw et al. (1992) use 0.05. Using 0.05 would result in the loss of two observations, Thessaly in
Greece in 2000 and Nord-Est in Romania in 2012, which recorded a negative population growth
rate of 5%.

24See https://ec.europa.eu/regional_policy/en/policy/what/investment-policy/. We are
grateful to an anonymous referee for suggesting to include this dummy as a regressor.

25The use of a fixed effects model is supported by the result of a Hausman test: the test statistic
(for the baseline Solow model augmented to include the ratio of the EU funds to GDP) is 734.11
(p-value 0.00).
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Table 1.5: European Funds and Regional Growth: OLS
(1) (2) 3) (4) (5) (6)
A 1n(]/i]‘t) A ln(yi]'t) A ll’l(yi]'t) A ll’l(yijt) A ll’l(y,‘jt) A 1n(yijt)
In (yijt—l) —0.095***  —0.107*** —0.137"** —0.135"* —0.152*** —0.157***
(0.020) (0.022) (0.022) (0.020) (0.022) (0.022)
In (sijt) 0.036*** 0.033*** 0.025*** 0.026*** 0.022%** 0.022***
(0.009) (0.008) (0.008) (0.008) (0.007) (0.007)
In (n,-jt +g+ (5) —0.036***  —0.035*** —0.036*** —0.036"** —0.033*** —0.033***
(0.006) (0.005) (0.006) (0.006) (0.006) (0.006)
In (eufrij +1) 0.395*** 0.413*** 0.517*** 0.231%** 0.576***
(0.145) (0.123) (0.201) (0.110) (0.107)
wgipcajt 0.014*** 0.013*** 0.013*** 0.013***
(0.002) (0.002) (0.002) (0.002)
In (eufrij +1)*wgipcay 0.068
(0.067)
objl; 0.018*%*  0.025"*
(0.002) (0.003)
In (Eufl’,']'f + 1)*Obj1jjf —0.530***
(0.132)
Observations 4896 4896 4896 4896 4896 4896
R? 0.358 0.364 0.387 0.388 0.402 0.406
F-statistic 150.798***  125.63***  138.52***  113.45***  116.99***  114.99***
Regional FEs Yes Yes Yes Yes Yes Yes
Time FEs Yes Yes Yes Yes Yes Yes

Note: Robust standard errors are shown in parentheses. Significance: *p<0.1; **p<0.05;
**p<0.01. Dependent variable is the growth of regional GDP per capita (Aln(yijt)).
Independent variables are: the level of regional GDP per capita in the previous year
(ln(yijt,l)); ratio of gross fixed capital formation on regional GDP (s;;¢); term contain-
ing population growth, technological progress and depreciation rates (ln(nl-]-t +9+9));
quality of institutions (wgipcaj); ratio of the EU Funds to regional GDP (In(eufr;j + 1)
and binary variable denoting objective 1 regions (0bjijt).

1.4.3 Results

We estimate equation (1.1) first by OLS, and then by 2SLS, with the the proportion
of the region’s area that is taken up by Natura 2000 sites and the number of Natura
2000 sites per region as instruments. Table 1.5 reports the OLS results. In the first
column, we report the standard Solow model (Mankiw et al., 1992; Islam, 1995)
as a benchmark. The coefficients of all variables are strongly significant and have
the expected signs: negative for the lagged output per capita (consistent with real
convergence, whereby less developed regions grow faster), positive for the investment
rate (higher investment/savings rate implies a higher steady state and, in turn, faster
growth rate when the region is below its steady-state level), and negative for the term
comprising population growth (the dependent variable is the growth rate of output

per capita, so that higher population growth implies that incremental increases in
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Table 1.6: European Funds and Regional Growth: 2SLS

Aln(yr) In(eufri+1) Aln(yg) In(eufry+1) Aln(yg) In(eufry+1) Aln(yg) In(eufry+1)
(1) 2 3) (4) (5) (6) (M) ®)

In (yije—1) —0.178*** 0.024*** —0.188*** 0.020** —0.151*** 0.009 —0.160*** 0.006
(0.016) (0.004) (0.014) (0.004) (0.013) (0.007) (0.010) (0.006)
In(s;j) 0.016*** 0.007*** 0.013** 0.007*** 0.012* 0.007*** 0.007 0.008***
(0.006) (0.001) (0.006) (0.001) (0.006) (0.002) (0.006) (0.002)
In (n,','; +g+9) —0.030*** —0.003*** —0.029"** —0.013** —0.013** —0.002** —0.011** —0.002*
(0.005) (0.001) (0.005) (0.001) (0.006) (0.001) (0.005) (0.001)
In (et frij +1) 1.749** 2.074*** 0.687* 1.379**
(0.324) (0.235) (0.398) (0.264)
In (areaprop;j; +1) 0.030*** 0.022%*
(0.003) (0.003)
In (countyjt +1) 0.003*** 0.0021***
(0.0002) (0.0002)
wgipca; 0.014"** —0.0003 0.015"** —0.001*** 0.009*** 0.0006 0.009"** 0.0000
(0.001) (0.0005) (0.002) (0.0004) (0.001) (0.0004) (0.001) (0.0004)
objlj 0.018"** 0.004*** 0.014*** 0.003***
(0.003) (0.001) (0.002) (0.001)
Observations 4896 4896 4896 4896 4896 4896 4896 4896
R? 0.316 0.277 0.390 0.364
F-statistic 92.28"** 126.62** 89.24*** 223.90%** 112.67** 68.37** 109.85*** 109.77**
Regional FEs Yes Yes Yes Yes Yes Yes Yes Yes
Time FEs Yes Yes Yes Yes Yes Yes Yes Yes

Note: Robust standard errors are shown in parentheses. Significance: *p<0.1; **p<0.05;
***p<0.01. Dependent variable is the growth of regional GDP per capita (Aln(yi]-t)) in the
second stage and first stage and ratio of the EU funds to regional GDP (In(eufr;; + 1)
in the first stage. Independent variables are: the level of regional GDP per capita in
the previous year (ln(yijt_l)); ratio of gross fixed capital formation on regional GDP
(sijt); term containing population growth, technological progress and depreciation rates
(In(njjs + g + 6)); quality of institutions (wgipcajt); ratio of the EU funds to regional
GDP (In(eufrij + 1); binary variable denoting objective 1 regions (0bjijt); proportion of
area of a region covered by Natura 2000 protected sites (ln(areaipropijt +1)) and the
number of Natura 2000 sites in a region (count;j;).

output need to be shared among a larger number of individuals).

In the next five columns, we explore the effect of adding the variable of interest:
transfers under the EU Cohesion Policy. In column (2), we add the ratio of EU
Funds to regional GDP: it has a positive and strongly significant effect on regional
economic growth. In column (3), we add (country-level) institutional quality, which
is also strongly significant and positive: regions in countries with good institutions
grow more dynamically. Importantly, adding the quality of institutional environment
does not diminish the positive effect of EU Funds; in fact, the estimated impact is
somewhat strengthened . Adding an interaction between institutional quality and EU
Funds (column 4) changes little: the coefficients of EU Funds and institutions remain

approximately the same as before, while the interaction term is insignificant: the effect
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of regional policy on growth does not appear conditional on good institutions.?® In
column (5), we add a dummy distinguishing regions that qualify for EU funding
under the Convergence Objective: as discussed above, the less developed regions are
prioritized as recipients of Cohesion Policy transfers. Previous studies (Hagen and
Mohl, 2011; Fiaschi et al., 2018) conclude that these regions tend to benefit more
from EU Funds than other regions. Our results suggest that the less developed regions
indeed grow faster; the effect of Cohesion Policy transfers is diminished somewhat
but remains strongly significant. Finally, in column (6), we allow the effect of EU
funds to differ in less developed regions and in the rest of the sample. The results
are a bit peculiar: the EU funds retain their significantly positive effect on regional
growth in the broad sample, and the less developed regions tend to report significantly
higher growth overall as signified by the significant and positive Objective 1 dummy.
However, the positive effect of EU funding is cancelled out in the less developed
regions by the negative and significant interaction term between the EU Funds and
the Objective 1 dummy. Hence, less developed regions grow on average faster than
other regions, but this growth premium does not appear to be correlated with the

amount of regional aid that they receive.

As we argue above, the Cohesion Policy transfers may be endogenous in regional de-
velopment. If this is the case, the effects estimated in Table 1.5 are likely to be biased.
Therefore, in Table 1.6, we report the 2SLS estimates of the effect of EU funds on
regional growth, obtained with the presence of Natura 2000 sites as instruments. In
column (1), the EU funds to regional GDP ratio is instrumented by the proportion
of the area covered by Natura 2000 sites. Column (2) reports the associated first-
stage regression. As expected, the instrument is strongly and positively correlated
with the ratio of Cohesion Policy transfers to regional GDP. The EU funds, in turn,
have a robust and positive effect on growth. The coefficient estimate is approximately

four times larger than that obtained with OLS, suggesting that endogeneity biases

26This contrasts with the previous findings by Becker et al. (2013); Rodriguez-Pose and Garcilazo
(2015), and others. A possible reason for our findings deviating from the previous literature is that
we use country-level rather than regional information on institutional quality.



1.5. Inter-regional Spillovers of Cohesion Policy 31

the estimated effects downwards.?” The results change little when we replace area
proportion with the number of protected sites (columns 3-4): the effect of EU funds
strengthens a little, and the instrument is again strongly correlated with the Cohe-
sion Policy spending rate. The next four columns replicate there regressions while
adding the Convergence Objective dummy. Adding it reduces the estimated impact
of Cohesion Policy funding on growth but the effect remains positive and statistically
significant (at 10% when using the area proportion as instrument in columns 5-6,
and at 1% in columns 7-8 when using the count of protected sites): this mirrors the
pattern observed with OLS. Likewise, the Convergence Objective dummy is again

positive and statistically significant.?®

Our results thus suggest that the effect of Cohesion Policy on regional development
in the EU is positive, and that studying this effect by OLS, without accounting for
endogeneity, may result in the estimates being biased downwards.?? The high F-
statistics in columns (2), (4), (6) and (8) confirm that both instruments are strong:

the first-stage F-statistic is always well above the rule-of-thumb threshold of 10.

1.5 Inter-regional Spillovers of Cohesion Policy

1.5.1 Methodology

So far, we considered the impact of Cohesion Policy funding on the recipient regions
only. The EU is a single free market with free trade in goods and services and un-

hindered mobility of labor and capital. Therefore, the effects of regional policy are

27 As we argue in the Introduction, this kind of bias could be driven by the fact that slowly-growing
regions receive more funds because they remain eligible for Cohesion Policy funding for longer. In
contrast, fast-growing regions quickly lose eligibility for transfers.

28 As an alternative, we split the sample into two sub-samples according to the Convergence Objective
eligibility. These results (available upon request) show a strong and statistically significant effect
of EU spending in the less-developed regions and a slightly weaker but still positive effect in the
rest of the regions; as before, the effect appears more robust when using the number of protected
sights as the instrument.

291t is possible that the EU funds affect regional development with a delay rather than contempo-
raneously. This could be either due to delays in disbursing the funds, or because the investments
themselves take time to build and bear fruit. Therefore, we also re-estimated the previous results —
OLS and 2SLS alike — with all the EU funds lagged by one year, and again with all regressors lagged
by a year. These regressions results, available upon request, are very similar to those reported with
contemporaneous regressions.



32 Chapter 1. Impact of EU Funds on Regional Growth

unlikely to be confined only to the region receiving the funding. Rather, we can expect
the EU funds to translate into an increase in aggregate demand in the recipient re-
gion as well as in other (especially nearby) regions. Such cross-regional spillovers can
be captured by estimating a spatial model, which allows for linkages among regions
based on a chosen spatial weight matrix. The choice of weights reflects the assump-
tions made in the model. Since some NUTS2 regions are located on islands, we opt for
using a spatial weight matrix based on distance rather than contiguity. Specifically,
we use the squared inverse of d;;, the great-circle distance between the centroids of
regions i and j, in kilometers.3® As Kopczewska et al. (2017) note, the squared inverse
distance matrix captures well the global links between all units and local clusters, as

the strength of the relationship between regions declines exponentially with distance.

Since far-away regions are unlikely to exert much influence (and given that we use the
inverse square distance, their weight would approach 0), we only consider spillovers
from regions located within a threshold distance from the recipient region. Specif-
ically, we use quartiles (k) of the overall distribution of the great circle distances
among all region pairs. The quartile distance values, D(k), are: {D(1) = 660; D(2) =
1090; D(3) = 1594}.3

Some EU countries have overseas territories far away from the country’s mainland.
Including these regions would inflate the cut off distances for the quartiles. Moreover,
the impact of the nearest EU regions on such remote territories might not be eco-
nomically plausible. For this reason, we exclude all EU overseas territories from the

spatial analysis.??

Spatial econometrics offers a variety of ways of capturing spatial spillovers. These

30We also conduct regressions with a spatial weight matrix based on k nearest neighbors, with
k = {5;10;15;25;50}. These results, which are available upon request, indicate that our model is
robust to the choice of the spatial weight matrix.

31We also use a spatial weight matrix based on a cut-off value the quartiles of great circle distances
for each region specifically, which results in an equal number of non-zero values for each region.
The difference in results is negligible.

32The following remote NUTS2 regions were dropped: Madeira, the Azores, the Canary Islands,
Ceuta, Melilla, Guadeloupe, Martinique, French Guiana and Réunion. For example, the French
overseas territory of Réunion (in the Indian Ocean) is more likely to be economically influenced by
mainland France rather than the nearest EU region, which is Cyprus.



1.5. Inter-regional Spillovers of Cohesion Policy 33

include the spillovers in the dependent variable (spatial autoregressive model), in-
dependent variable and error terms (spatial error model). Since the Spatial Durbin
Model (SDM) nests also several other models, it is recommended to start from the
SDM specification and conduct common factor tests to discriminate between the SDM

and other models (Beer and Riedl, 2012).%3

We thus estimate a Spatial Durbin Model:

Aln(y) = p(Ir @ W)Ay + XB+ (It @ W)XO + pu +u (1.2)

where Ay is a 1 x nt vector of the log differences of output per capita, X is a m x nt
matrix collecting the explanatory variables, W is the spatial weight matrix of size
n X n, and p is the spatial lag, with n, m and t denoting the number of observations,
number of explanatory variables, and years, respectively.>* The kronecker product of
the identity matrix It with the dimensions t X f accommodates W for use in a panel
regression. Additionally, & denotes the coefficients for the spatially lagged explanatory
variables in X. The full spatial model is a spatial version of the model in equation

(1.1).

The spatial weight matrix W has the following form:

0 ifi=j
a2
Wij = Z];;iz ifd;; < D(k) for k = {1;2;3} (1.3)
i
0 ifdi]' > D(k)

33The use of SDM in this case is inspired by Ertur and Koch (2007), who present their spatially
neoclassical growth model taking the form of a SDM.

34We are mindful of the identification problems when using instrumental variables in spatial models,
as highlighted by Gibbons and Overman (2012). In particular, the methodology for dealing with
endogenous variables in a panel spatial model is not well established. Therefore, rather than present
results that might be questionable and potentially weak, we prefer to implement one contribution
at a time. In the preceding section, the objective was to compare OLS and 2SLS estimates. Now,
we compare estimates obtained with OLS with those based on a spatial model. The 2SLS analysis
has established that the OLS estimates may be biased downwards. Therefore, the SDM results
probably also underestimate the true effects of Cohesion Policy in a spatial framework.
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where w;; denotes an element of the spatial weight matrix W in row i and column j.
That is, w;; equals the inverse of distance squared, as long as the distance is below a

critical threshold, otherwise it is zero.

Note that in contrast to OLS or 2SLS, the partial derivatives of the SDM are more
complex to interpret. A change in a variable affects the region itself as well as other

regions, giving rise to direct and indirect effects. Let S be defined as:

S _ Aln(y)

A = (Int — pIt @ W) L (In7Bi + It © W6;) (1.4)
Xik

where x; and By represent the k" column of the X and B matrices respectively. The
average direct effect is then given as ADE = %tr(S), the average total effect is
ATE = %L,St and the average indirect affect is then AIE = ATE — ADE. In other
words, ADE is the average of the sum of all diagonal elements of S, AIE is the average

of the sum of all off-diagonal elements of S and ATE is the average of the sum of all

elements of S, with ¢ being a summation vector of ones.

1.5.2 Results

Table 1.7 reports the results of the SDM estimation of the effect of EU funds on
regional growth, which allow for inter-regional spillover in the effects of Cohesion
Policy.?®> Table 1.8 then summarizes these by reporting the direct, indirect and total
effects. The test results in the bottom part of Table 1.7 indicate that the SDM is pre-
ferred not only over the OLS model, but also over the Spatial Error Model and the
Spatial Autoregressive Model (Gibbons and Overman, 2012; Beer and Riedl, 2012).
The coefficient of spatial dependence, p, is significantly positive, implying positive
spillovers in regional GDP per capita growth rates. The direct effect of the EU funds

approaches zero and is insignificant. In contrast, the indirect effect is positive and

35Results from alternative models—both OLS and 2SLS—that include a spatially lagged variable of
the natural log of the ratio of EU funds to regional GDP (instrumented by the spatially lagged
variable of the natural log of the ratio of Natura 2000 sites to area), added to (1.1), are presented
in the appendix to this chapter. The impact of EU funds remains positive in both cases. However,
the spatial effect is negative in the OLS model and insignificant in the 2SLS model. The reasons
for these inconsistencies in the spatial effects remain to be investigated.
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Table 1.7: Cohesion Policy and Inter-regional Spillovers: SDM

(1) (2) (3)
Aln yijt Aln ]/ijt Aln yijt
d = 660 d=1090 d=15%4

o 0.740*** 0.776*** 0.795***
(0.0225) (0.0231) (0.0233)
In (yit-1) 01617 01517 -0.145"*
(0.0165)  (0.0153)  (0.0146)
In (Si/‘t) 0.00274 0.00353 0.00425
(0.00643)  (0.00644)  (0.00645)
In (nijt +9+9) -0.0331***  -0.0342"**  -0.0349***
(0.00425)  (0.00428)  (0.00427)
wgipca;; 0.0117***  0.0104*  0.00970***
(0.00265)  (0.00257)  (0.00256)
In (eufrij +1) -0.00527  -0.000145  -0.00129
(0.131) (0.132) (0.127)
In (eufrij + 1) x wgipca; -0.0189 -0.0555 -0.0763
(0.0647)  (0.0594)  (0.0599)
Wk In (yi 1) 0.131%% 0125  (.121%*
(0.0168) (0.0161) (0.0156)
W xIn (Sz‘jt) 0.0219** 0.0229** 0.0241**
(0.00915)  (0.00997) (0.0107)
W In (n +0 + g) 0.0339** 0.0359* 0.0395*
(0.0162)  (0.0191)  (0.0206)
W % In (wgipcajt) -0.00977***  -0.00820**  -0.00671*
(0.00340)  (0.00378)  (0.00398)
W s In (et frijs + 1) 0.299 0.349 0.380
(0.215) (0.240) (0.255)
Wk In (eufriy + 1) x wgipca; 0.0782 0.132 0.171
(0.0991) (0.106) (0.118)
Observations 4734 4734 4734
Log-likelihood 10715.95 10694.94  10683.88
AIC -21379.9 -21337.9 -21315.8
BIC -21211.9 -21169.9 -21147.8
Coefficient test 0 = 0 (x?) 77.92%%* 76.72%+* 76.24***
Coeflicient test 8 = —Bp 29.87* 25.57** 26.65™"
Hausman test 156.17* 159.17*  163.47"**
Regional FEs Yes Yes Yes
Time FEs No No No

Note: Robust standard errors shown in parentheses. Significance: *p<0.1; **p<0.05; ***p<0.01.
Column (1) considers spillovers between regions in the first quartile by distance (up to 660 km),
column (2) includes the first two quartiles (up to 1090 km), and column (3) includes the first three
quartiles (up to 1594 km). Regions beyond these thresholds are assigned zero weights. Dependent
variable is the growth of regional GDP per capita (Aln(y,-]-t)). Independent variables are: the
level of regional GDP per capita in the previous year (Z”(]/ijt—l))§ ratio of gross fixed capital
formation on regional GDP (Sijt)§ term containing population growth, technological progress
and depreciation rates (In(n;j; + g +6)); quality of institutions (wgipcaj;) and ratio of the EU
funds to regional GDP (In(eu frijt +1). Furthermore, W represents the spatial weight matrix.
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(weakly) significant. The total effect is also positive (but again only weakly signif-
icant): EU funds received by a region help the surrounding regions more than the
recipient region itself. The same can be said about the investment rate: the direct
effect is relatively small, but the spatial spillovers are positive and statistically signif-

icant, resulting in a statistically significant and positive total effect. 36

How to make sense of the fact that the indirect effect seem more important? We believe
that this result suggests that the benefits from Cohesion spending accrue to the wider
local area and not only to the recipient region: in fact, most of the effect accrues to
the nearby regions. For example, the investments financed by regional policy could be
carried out by firms located in other regions, or the increased spending could increase
the imports of goods (e.g. building materials, machinery and the like) from other
regions. This should not be surprising: the EU is an integrated market for trade in
goods and services. There is no reason to expect the work financed by EU transfers
to be carried out only by firms from the the recipient region. Moreover, our estimates
only capture the short-term effect of executing the investment financed by Cohesion
Policy. The medium and long-term effects of using the resulting improvement or
facilities, however, may be more locally based. Finally, the weak significance of the
spatial effects suggest that more work may be required to fully determine the nature

and importance of inter-regional spillovers.

1.6 Conclusions

In this paper, we report on the results of our journey to identify the effect of the EU
Cohesion Policy on regional growth in the EU. We argue that possible reasons for the
weak and mixed findings in the previous literature could be attributed to measurement
errors, endogeneity of EU Funds in regional economic performance, and/or presence

of inter-regional spillovers in the effect of Cohesion Policy on regional growth.

36We conducted additional robustness checks, by replacing the distance-based weight matrix with
considering 71 closest neighbors (with 7 taking the values of 5, 10, 15, 25, and 50), and omitting the
interaction term between the EU Funds and Institutional quality. These results, presented in the
Online Appendix, suggest that the effect of the Cohesion spending hovers at the limits of statistical
significance. The results of the spatial model, therefore, need to be taken with a grain of salt.



1.6. Conclusions 37

Table 1.8: Cohesion Policy and Inter-regional Spillovers - Direct, In-
direct and Total Effects

(1) (2) 3)
Aln ]/ijt Aln yijt Aln yijt
d = 660 d=1090 d=15%
Average Direct Effects
In (yiji—1) S0.159%%%  -0.149%**  -0.144***
(0.0167) (0.0155) (0.0149)
In (s;j¢) 0.00602 0.00670 0.00747
(0.00671)  (0.00667)  (0.00665)
In (n;;t + g +6) -0.0313***  -0.0325***  -0.0329***
(0.00397)  (0.00398)  (0.00403)
wgipca; 0.0114***  0.0103***  0.00970***
(0.00248)  (0.00238)  (0.00236)
In (eufrij +1) 0.0385 0.0464 0.0455
(0.125) (0.126) (0.120)
In (eufrij + 1) x wgipcaj; -0.00696 -0.0414 -0.0606
(0.0608) (0.0558) (0.0551)
Average Indirect Effects
In (yiji—1) 0.0464 0.0350 0.0291
(0.0293) (0.0358) (0.0405)
In (s;j;) 0.0879*** 0.111* 0.130**
(0.0333) (0.0427) (0.0503)
In (n;;t + g + ) 0.0382 0.0453 0.0623
(0.0554) (0.0776) (0.0938)
wgipcay -0.00385  -0.0000607  0.00537
(0.00677)  (0.00953) (0.0113)
In (eufri; +1) 1.049 * 1.450* 1.728*
(0.630) (0.845) (1.010)
In (eufrij + 1) * wgipcay 0.229 0.373 0.506
(0.260) (0.345) (0.424)
Average Total Effects
In (iji—1) S0.1129%%  0.114%*  -0.115**
(0.0304) (0.0376) (0.0429)
In (s;j;) 0.0940** 0.117* 0.138**
(0.0368) (0.0460) (0.0533)
In (n;;t + g +6) 0.00688 0.0128 0.0294
(0.0563) (0.0786) (0.0950)
wgipcay 0.00755 0.0102 0.0151
(0.00620)  (0.00885) (0.0106)
In (eufri; +1) 1.088 * 1.497* 1.774*
(0.640) (0.854) (1.017)
In (eufrij + 1) * wgipcay 0.222 0.331 0.445
(0.252) (0.337) (0.412)

Note: Robust standard errors shown in parentheses. Significance: *p<0.1; **p<0.05; ***p<0.01..
See notes to Table 1.7 for an explanation of the differences between columns (1) to (3) as well
as the notation of variables used in the regression.

To address the first of these potential shortcomings, we use an updated data set

covering both old and new member states and with information on Cohesion Policy

receipts in annual frequency. In contrast, most of the previous studies were limited to
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data covering only whole programming periods. Our data span three programming
periods, from 1997 to 2014. Estimating a stylized panel version of the Solow growth
model with OLS, we find that EU funds are strongly and positively correlated with

regional growth.

Next, we address the potential endogeneity of Cohesion Policy by employing a novel
and previously-unused instrumental variable. Specifically, we use the presence of en-
vironmentally protected areas under the EU Natura 2000 program as instruments for
Cohesion Policy transfers. The presence of such areas is strongly and positively cor-
related with the amount of EU Funds that NUTS2 regions receive.?” We show that
the payments from European Funds significantly boost regional economic growth,
both when applying OLS and 2SLS. The IV estimates, however, are larger than those
obtained with OLS: this suggests that the OLS estimates may be biased downwards.
This may help explain why many previous studies failed to yield significant findings.
Our results, furthermore, confirm that there is substantial heterogeneity in the Co-
hesion impact on economic development, as reported in the literature: not all regions
are affected equally. Further research may be needed to satisfactorily identify the

sources of this heterogeneity.

Finally, we account for the likely presence of inter-regional spillovers in regional-policy
impact by estimating a spatial model of growth. The results suggest that inter-regional
spillovers in the growth effects of the EU funds may be important (although our results
are at the margins of statistical significance). In fact, the impact of Cohesion Policy
seems to take place as much (or even more) in the nearby regions as in the recipient
region. Our findings of positive spillover effects on nearby regions is in line with the

previous results of Fiaschi et al. (2018) and Bachtrogler-Unger et al. (2022).

3TWe discuss several potential explanations of the relationship between the EU funds and Natura
2000. However, future research is needed to fully grasp the connection between Natura 2000 and
local economies as well as the effectiveness of Natura 2000.
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Our results thus confirm that accounting for endogeneity and spillover effects is impor-
tant when assessing the impact of Cohesion Policy on regional development. There-
fore, the preponderance of weak and mixed findings in the previous literature can
be attributed to the fact that most of the earlier studies were estimated by simple
OLS. As such, they are likely to have underestimated the Cohesion impact on regional

growth and economic development.

Our findings, furthermore, give support to the recent effort to mitigate the con-
sequences of the Covid-19 pandemic by increased redistribution through the Next
Generation EU (NGEU) instrument. The NGEU envisages an additional spending
package of €750 billion, conditional on reforms the member states have pledged them-
selves to undertake.®® Bankowski et al. (2022) estimate, that this program will boost
output in the EU by up to 1.5 percentage point. The results of our analysis imply-
ing the positive results of EU funds as well as improvements of institutional quality.
Furthermore, the effect of EU funds strengthens when we include institutional qual-
ity in the regression, signifying that a better institutional environment may enhance
the effective implementation of EU funds. In turn, this suggests that such favorable

predictions of NGEU instrument may indeed be justified.

The results of our analysis are especially reassuring in light of the mixed findings
on the economic effects of government spending (Ramey, 2011). A potential expla-
nation of the disappointing findings of that literature is Ricardian equivalence — an
observation that the growth-stimulating effect of debt-financed government spending
is mitigated by the expectation of a future tax liability required to repay the ensuing
debt. As Cohesion spending is financed from European rather than from national
sources, the future tax liability of the recipient regions is negligible, so European

funds should indeed have a better the growth-boosting potential.

The previous literature on the economic effectiveness of regional aid has been mixed

38See https://ec.europa.eu/info/strategy/recovery-plan-europe_en.
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and generally disappointing. The largest item of EU spending, the Common Agri-
cultural Policy, likewise largely fulfills a redistributive function, with little regard for
improving economic efficiency. On that backdrop, our finding of a growth-stimulating

effect of the Cohesion Policy spending is indeed a positive result.

Our work has utilized a newly made available dataset with a better temporal granu-
larity. Yet, we are still restricted to the NUTS2 regions in the spatial dimension. The
NUTS2 regions of the EU are designed to make comparisons among similar regions,
mainly in the dimension of administrative borders and population size (see footnote
8 in Chapter 2). Notice on Figure 1.1 or Figure 1.2 that there are, however, large
differences in terms of areas of NUTS2 regions. Such discrepancies lead to the mod-
ifiable unit area problem. For this reason, Chapter 2 and Chapter 3 use data on a
more granular level. In the case of the EU Funds, a granular level approach for now
depends on the possibilities of individual to compile granular datasets as has done
by for instance by Bachtrogler et al. (2017). A more granular dataset that is freely
available on a more detailed spatial level as well as categories of EU funds might help
to further improve the future assessments of the impact of EU funds on economic

performance.
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Appendix A

Table Al: EU Funds and Regional Growth: OLS with Natura 2000

(1) (2) (3) (4)
Aln(yije)  Aln(yi)  Aln(yi)  Aln(yie)
In (areaprop;j +1)  0.0167  0.042"**  0.040"**  0.035***
(0.009) (0.009) (0.009) (0.009)
In (yijr—1) -0.070***  -0.104*** -0.110***
(0.008) (0.008) (0.009)
In (s;¢) 0.019***  0.019**
(0.006) (0.006)
In (n;j + g +96) -0.036***  -0.035***
(0.006) (0.006)
wgipca 0.012***  0.012**
(0.001) (0.001)
In (eufri]-t + 1) 0.201**
(0.066)
N 4734 4734 4734 4734
R? 0.381 0.399 0.434 0.436
R? Adj. 0.342 0.361 0.398 0.399
Regional FEs Yes Yes Yes Yes
Yearly FEs Yes Yes Yes Yes

Note: Robust standard errors are shown in parentheses. Significance: *p<0.1;
**p<0.05; ***p<0.01. Dependent variable is the growth of regional GDP per
capita (Al n(yi]-t)). Independent variables are: the level of regional GDP per capita
in the previous year (In(y;j—1)); ratio of gross fixed capital formation on regional
GDP (sjjt); term containing population growth, technological progress and depre-
ciation rates (In(nj; + g +9)); quality of institutions (wgipcaj); ratio of the EU
funds to regional GDP (In(eufr;j + 1); binary variable denoting objective 1 re-
gions (objz-]-t) and proportion of area of a region covered by Natura 2000 protected
sites (In(area__prop;j +1)).
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Table A2: EU Funds and Regional Growth: OLS with market access

1) (2) (3)
Aln(yye) — Aln(yi) — Aln(yi)
d=660 d=1090 d =159
In (yijr—1) -0.101**  -0.101***  -0.101***
(0.010) (0.010) (0.010)
In (s;;) 0.0214***  0.0214**  0.0214***
(0.005) (0.005) (0.005)
In (n;j + g +0) -0.0370***  -0.0370***  -0.0370***
(0.006) (0.006) (0.006)
wgipca 0.012%** 0.012%** 0.012%**
(0.002) (0.002) (0.002)
In (eufrij +1) 0.273*  0.279"*  0.277"**
(0.059) (0.059) (0.059)
WxIn (eufri +1)  -0.291% -0.345* -0.365*
(0.144) (0.156) (0.168)
N 4471 4471 4471
R-sq 0.409 0.409 0.409
adj. R-sq 0.406 0.406 0.406
F 112.2%** 112.8%** 112.8***
Regional FEs Yes Yes Yes
Yearly FEs Yes Yes Yes

Note: Robust standard errors are shown in parentheses. Significance: *p<0.1; **p<0.05;
**p<0.01. Column (1) considers spillovers between regions in the first quartile by dis-
tance (up to 660 km), column (2) includes the first two quartiles (up to 1090 km), and
column (3) includes the first three quartiles (up to 1594 km). Dependent variable is the
growth of regional GDP per capita (Aln(yijt)). Independent variables are: the level of
regional GDP per capita in the previous year (l”(yijt—l))§ ratio of gross fixed capital for-
mation on regional GDP (sl-]-t); term containing population growth, technological progress
and depreciation rates (ln(nijt + g+ 9)); quality of institutions (wgipcaj;); ratio of the EU
Funds to regional GDP of a region (In(eufr;j; + 1) and its neighbors (W xIn (eufr;j; + 1))
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Table A3: EU Funds and Regional Growth: 2SLS with market access
1) (2) (3) (4) (5) (6) (7 (8) 9)
Aln(yie)  In(eufrye+1) Wxln(eufri+1)  Aln(yy) In(eufryp+1) Wln(eufry+1)  Aln(yy)  In(eufry+1) Wxln(eufriy +1)
d = 660 d =660 d = 660 d=1090  d =109 d=1090 d=159%4  d =159 d = 1594
In (yiji—1) 00537 0.0347 0.005* 0.153** 0.034% 0.005" 0.153°** 00347 0.005"*
(0.016) (0.004) (0.002) (0.016) (0.004) (0.002) (0.016) (0.004) (0.002)
In (sijr) 0.017"+ 0.003 0.001 0017+ 0.003 0.001 0017+ 0.003 0.001
(0.005) (0.003) (0.001) (0.005) (0.003) (0.001) (0.005) (0.003) (0.001)
In (ngi + g +6) 20.032°  -0.003* -0.002 0.032¢* -0.003* -0.001 0.032¢* -0.003* -0.001
(0.005) (0.001) (0.001) (0.005) (0.001) (0.001) (0.005) (0.001) (0.001)
wgipca; 0.013" -0.001 -0.000 0013+ -0.001 -0.000 0013+ -0.001 -0.000
(0.001) (0.001) (0.000) (0.001) (0.001) (0.000) (0.001) (0.001) (0.000)
In (eufrij +1) 1.543°%* 1.569*+ 1,566
(0.327) (0.331) (0.332)
W In (eufry +1) -0.404 -0.586 -0.639
(0.430) (0.469) (0.495)
In (areapropij; +1) 0.027+ 0.027*** 0.000 0027+ 0.000
(0.006) (0.006) (0.000) (0.006) (0.000)
W« In (areapropijs + 1) -0.007 0.031° -0.006 00347 -0.006 0036
(0.006) (0.005) (0.007) (0.005) (0.007) (0.005)
N 4471 1471 4471 4471 4471 4471 4471 4471 4471
R? 0.343 0.333 0.562 0.343 0.333 0.562 0.343 0.333 0.562
adj. R? 0.298 0.329 0.560 0.298 0.329 0.560 0.298 0.329 0.560
F 95750 13.358" 31323 95759 13358 44,315 95.750 ***  13.358** 144,283+

Note: Robust

standard errors are shown in parentheses. Significance: *p<0.1; **p<0.05;
***p<0.01. Columns (1-3) considers spillovers between regions in the first quartile by distance
(up to 660 km), columns (4-6) includes the first two quartiles (up to 1090 km), and column
(7-9) includes the first three quartiles (up to 1594 km). Dependent variable is the growth of
regional GDP per capita (Aln(yi]-t)). Independent variables are: the level of regional GDP
per capita in the previous year (ln(yi]-t,l)); ratio of gross fixed capital formation on regional
GDP (Si]‘t); term containing population growth, technological progress and depreciation rates
(In(njj; + g +9)); quality of institutions (wgipca;); ratio of the EU Funds to regional GDP of a
region (In(eufr;; +1) and its neighbors (W xIn (eufr;j; + 1)), instrumented by the proportion
of a region covered by Natura 2000 sites (In (areaprop;j; + 1)) and that of its neighbors (W x

In (areapropij; +1)).
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Table A4: European Funds and Regional Growth: 2SLS, Subsample
Analysis according to Convergence Objective Eligibility

Ay In(eufrip+1) Ay In(eufryp+1)  Alnyy  In(eufry+1)  Alnyy  Ineufri +1)
(obj1=1) (obj1=1) (obj1=1) (obj1=1) (obj1=0) (0bj1=0) (obj1=0) (obj1=0)

In (yijt—1) —0.234** —0.039** —0.209"** —0.039*** —0.114"* 0.026*** —0.133*** 0.024***
(0.046) (0.016) (0.041) (0.016) (0.019) (0.002) (0..017) (0.002)
Ins;j —0.012 0.014*** 0.021** 0.015"** 0.0142* 0.005*** 0.011 0.005"**
(0.015) (0.003) (0.0012) (0.004) (0.008) (0.001) (0.008) (0.002)
In (myjt + gijt + 65j¢)  0.001%** —0.002"** —0.020"** —0.002** —0.039"** —0.003* —0.036"* —0.002*
(0.005) (0.001) (0.005) (0.001) (0.007) (0.001) (0.007) (0.001)
In (eufrij +1) 1.899* 2.553*** 0.577 1.223**
(1.024) (0.830) (0.511) (0.377)
In (areapropij; +1) 0.019*** 0..020***
(0.006) (0.003)
In (count;j; +1) 0.0015*** 0.0017***
(0.0004) (0.0002)
wgipca 0.021*** 0.006*** 0.017* 0.004*** 0.004** —0.0002 0.0042** 0.0006
(0.007) (0.001) (0.006) (0.001) (0.002) (0.0004) (0.002) (0.0004)
Observations 1,267 1,267 1,267 1,267 3,597 3,597 3,597 3,597
R? 0.400 0.277 0.341 0.336
F statistic 31.19" 8.90*** 24147 17.06%* 93.21"** 35.86*** 93.33"** 63.42"**
Regional FEs Yes Yes Yes Yes Yes Yes Yes Yes
Time FEs Yes Yes Yes Yes Yes Yes Yes Yes

Note: Robust standard errors in parentheses. Significance: *p<0.1; **p<0.05; ***p<0.01.
Dependent variable is the growth of regional GDP per capita (Aln (yz‘jt)) in the second
stage and first stage and atio of the EU funds to regional GDP (In(eufr;j; + 1) in the first
stage. Independent variables are: the level of regional GDP per capita in the previous
year (In(yij;—1)); ratio of gross fixed capital formation on regional GDP (s;j;); term
containing population growth, technological progress and depreciation rates (I n(nl-jt +g+
J)); quality of institutions (wgipcaj;); ratio of the EU funds to regional GDP (In(eufr;j; +
1); binary variable denoting objective 1 regions (obji]'t); proportion of area of a region
covered by Natura 2000 protected sites (ln(areaipropi]'t + 1)) and the number of Natura
2000 sites in a region (countijs).
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Table A5: Cohesion Policy and Inter-regional Spillovers: SDM with
knn based spatial weight matricesl

(1) (2) 3) (4) (5)
Aln ]/ijt Aln yijt Aln ]/,‘]',L Aln yijt Aln yijt
k=5 k=10 k=15 k=25 k =50
0 0.665** 0.737"* 0.788*** 0.840*** 0.900***
(0.0148) (0.0174) (0.0163) (0.0153) (0.0133)
In (y,-]-t,l) -0.165*** -0.164*** -0.160***  -0.152"**  -0.133***
(0.0182) (0.0167) (0.0158) (0.0152) (0.0134)
In (s;j¢) 0.00576 0.00164 0.00424 0.0108* 0.0147**
(0.00712) (0.00679) (0.00620)  (0.00590)  (0.00626)
In (nj; + g +9) -0.0336"**  -0.0311***  -0.0286*** -0.0290*** -0.0309***
(0.00492) (0.00413) (0.00372)  (0.00392)  (0.00425)
wgipcais 0.0118*** 0.0121***  0.0130***  0.0139***  0.0113***
(0.00305) (0.00293) (0.00279)  (0.00246)  (0.00202)
In (eufrij +1) -0.0463 -0.0135 -0.0232 -0.116 0.0148
(0.124) (0.141) (0.149) (0.151) (0.144)
In (eufrj + 1) * wgipcaj -0.0188 -0.0297 -0.0529 -0.137* -0.121*
(0.0696) (0.0700) (0.0718) (0.0743) (0.0697)
W xIn (yi]»t_l) 0.129*** 0.135%%* 0.134*** 0.127*** 0.130***
(0.0174) (0.0164) (0.0159) (0.0158) (0.0149)
W xIn (s,-]-t) 0.0163** 0.0241*** 0.0223** 0.0144 -0.00177
0.0163** 0.0241*** 0.0223** 0.0144 -0.00177
W xIn (nijt +9+9) 0.0280* 0.0254* 0.0147 0.0109 0.0283
(0.0145) (0.0149) (0.0144) (0.0181) (0.0285)
W *x wgipca; -0.00854***  -0.00991*** -0.0114"** -0.0154***  -0.00740*
(0.00331) (0.00343) (0.00350)  (0.00359)  (0.00409)
W xIn (eufrijt +1) 0.190 0.150 0.223 0.499* -0.204
(0.158) (0.199) (0.233) (0.289) (0.422)
Wk In (eufrij + 1) * wgipcay 0.0600 0.0660 0.103 0.273** 0.130
(0.0885) (0.0979) (0.111) (0.138) (0.213)
Observations 4734 4734 4734 4734 4732
Log-likelihood 10680.25 10703.66 10715.68  10659.24  10575.51
AIC -21308.5 -21359.3 -21379.4 -21266.5 -21099.0
BIC -21140.5 -21191.3 -21211.3 -21098.5 -20931.0
Coefficient test 8 = 0 (x?) 291.78*** 298.49 ***  276.73***  249.19 ***  204.43"**
Coeflicient test 8 = —pBp 71.56 *** 59.91 ***  43.47 % 26.75"** 13.62*
Regional FEs Yes Yes Yes Yes Yes
Time FEs No No No No No

Notes: Robust standard errors in parentheses. Significance: *p<0.1; **p<0.05; ***p<0.01.
Results are based on spatial weight matrix with k-nearest neighbours: 5 nearest neighbours in
column (1), 10 in column (2), 15 in column (3), 25 in column (4), and 50 nearest neighbours
in column (5). The remaining regions were assigned zero weights. Dependent variable is the
growth of regional GDP per capita (Aln(yijt)). Independent variables are: the level of regional
GDP per capita in the previous year (l”(yijt—l))§ ratio of gross fixed capital formation on
regional GDP (Sz‘jt)§ term containing population growth, technological progress and depreci-
ation rates (In(n;j; + g+ 6)); quality of institutions (wgipca;) and ratio of the EU funds to
regional GDP (In(eufr;j; + 1). Furthermore, W represents the spatial weight matrix.
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Table A6: Cohesion Policy and Inter-regional Spillovers - Direct, In-

direct and Total Effects with knn based spatial weight matrices

(1) (2) 3) (4) (5)
Aln yijt Aln yijt Aln yijt Aln yijt Aln yijt
k=5 k=10 k=15 k =25 k = 50
Average Direct Effect
In (yijt—1) S0.1617F 0.1624F  -0.158"F  0.151%* 0,132
(0.0180) (0.0170) (0.0162) (0.0156) (0.0139)
In (s;j¢) 0.00937 0.00485 0.00691 0.0126** 0.0152**
(0.00735)  (0.00715)  (0.00639)  (0.00615)  (0.00634)
In (nj; + g +96) -0.0320"**  -0.0303*** -0.0290"** -0.0297*** -0.0303***
(0.00451)  (0.00411) (0.00383)  (0.00407)  (0.00456)
wgipca;s 0.0116***  0.0118"*  0.0128***  0.0135***  0.0114™**
(0.00283)  (0.00281)  (0.00269)  (0.00240)  (0.00198)
In (eufri +1) -0.0152 0.00759 0.00145 -0.0782 0.00580
(0.122)  (0.135)  (0.140)  (0.141)  (0.131)
In (eufrij + 1) x wgipca; -0.00745 -0.0210 -0.0438 -0.120* -0.116*
(0.0646) (0.0655) (0.0666) (0.0698) (0.0633)
Average Indirect Effect
In (yiji-1) 0.0554*** 0.0517* 0.0405 0.00197 0.105
(0.0212) (0.0273) (0.0363) (0.0522) (0.109)
In (Sijt) 0.0557***  0.0923*** 0.117*** 0.143** 0.108
(0.0210) (0.0337) (0.0431) (0.0679) (0.135)
In (n;; + g +0) 0.0172 0.0112 -0.0328 -0.0781 0.0228
(0.0363) (0.0519) (0.0652) (0.113) (0.296)
wgipcajs -0.00166 ~ -0.00344  -0.00471 -0.0221 0.0311
(0.00444)  (0.00602)  (0.00835)  (0.0136) (0.0327)
In (eufrl-jt +1) 0.427 0.480 0.882 2.380* -2.244
(0.361) (0.540) (0.796) (1.339) (3.732)
In (eufrij + 1) x wgipcaj 0.129 0.155 0.272 0.950* 0.115
(0.166) (0.220) (0.314) (0.568) (1.687)
Average Total Effect
In (yije—1) -0.105***  -0.110***  -0.118***  -0.149*** -0.0277
(0.0212) (0.0292) (0.0393) (0.0555) (0.113)
In (Sijt) 0.0651*** 0.0971** 0.124*** 0.156** 0.124
(0.0247) (0.0379) (0.0464) (0.0714) (0.138)
In (nj; + g +6) -0.0148 -0.0191 -0.0619 -0.108 -0.00757
(0.0373) (0.0532) (0.0666) (0.115) (0.298)
wgipca; 0.00991**  0.00836 0.00812 -0.00858 0.0425
(0.00386)  (0.00530)  (0.00758)  (0.0131) (0.0323)
In (eufrij +1) 0.412 0.488 0.883 2.302* -2.239
(0.396) (0.546) (0.794) (1.316) (3.709)
In (eufrij + 1) x wgipca; 0.122 0.134 0.228 0.830 -0.000447
(0.160) (0.199) (0.287) (0.536) (1.650)

Note: Robust standard errors in parentheses. Significance: *p<0.1; **p<0.05; ***p<0.01.

Results are based on spatial weight matrix with k-nearest neighbours: 5 nearest neighbours in column
(1), 10 in column (2), 15 in column (3), 25 in column (4), and 50 nearest neighbours in column (5).
The remaining regions were assigned zero weights.
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Table A7: Cohesion Policy and Inter-regional Spillovers: robustness

check for SDM with distance based spatial weight matrices

1) 2) 3)
Aln yijt Aln yijt Aln yijt
d = 660 d=1090 d=15%
0 0.740*** 0.776*** 0.795***
(0.0226) (0.0231) (0.0233)
In (yi]-t_l) -0.160*** -0.150%** -0.144**
(0.0161) (0.0150) (0.0143)
In (Sijt) 0.00255 0.00319 0.00386
(0.0161) (0.0150) (0.0143)
In (n,-]-t +9+9) -0.0330***  -0.0339***  -0.0345"**
(0.00421) (0.00421)  (0.00422)
wgipca;; 0.0114***  0.00972***  0.00889***
(0.00160) (0.00158)  (0.00160)
In (eufri]'t +1) 0.0306 0.101 0.139
(0.100) (0.0986) (0.0957)
W xIn (yi]-t_l) 0.133*** 0.127%** 0.124***
(0.00936) (0.0102) (0.0109)
W xIn (sijt) 0.0215** 0.0227** 0.0240**
(0.00936) (0.0102) (0.0109)
W xIn (n,-]'t +g+9) 0.0333** 0.0348* 0.0384*
(0.0159) (0.0188) (0.0204)
W x wgipcay -0.00824***  -0.00582* -0.00405
(0.00313) (0.00353)  (0.00399)
W*ln(eufri]-t +1) 0.113 0.0487 -0.00111
(0.146) (0.159) (0.171)
Observations 4734 4734 4734
Log-likelihood 10714.99 10693.16 10681.21
AIC -21386.0 -21342.3 -21318.4
BIC -21243.8 -21200.1 -21176.2
Coefficient test 8 = 0 (x?) 293.98 263.51 250.49
Coefficient test 0 = —pp 59.70 51.24 50.24
Regional FEs Yes Yes Yes
Time FEs Yes Yes Yes

Note: Robust standard errors in parentheses. Significance: *p<0.1; **p<0.05; ***p<0.01.
Column (1) considers spillovers between pairs of regions only in the first quartile by distance
(up to 660 km from each other), column (2) considers the first two quartiles (up to 1090
km), and column (3) includes the first three quartiles (up to 1594 km). The regions with
distances above these threshold are assigned zero weights. Dependent variable is the growth
of regional GDP per capita (Aln(yijt)). Independent variables are: the level of regional GDP
per capita in the previous year (ln(yi]-t_l)); ratio of gross fixed capital formation on regional
GDP (Sijt)§ term containing population growth, technological progress and depreciation rates
(In(nijs + g +6)); quality of institutions (wgipcaj;) and ratio of the EU funds to regional GDP

(In(eu f”ijt + 1). Furthermore, W represents the spatial weight matrix.
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Table A8: Cohesion Policy and Inter-regional Spillovers - Direct, In-
direct and Total Effects robustness check with distance based spatial
weight matrices

(1) (2) (3)
Aln yijt Aln ]/ijt Aln yijt
d =660 d=1090 d =159

Average Direct Effect

In (yiji—1) 01587 -0.148**F  -0.143**
(0.0162)  (0.0151)  (0.0145)
In (sjjr) 0.00577  0.00631  0.00702
(0.00695)  (0.00686)  (0.00679)
In (151 + g +0) -0.0314*  -0.0325***  -0.0329***
(0.00389)  (0.00387)  (0.00392)
wgipca 0.0113"*  0.00985*** 0.00915***
(0.00243)  (0.00233)  (0.00237)
In (eufrij +1) 0.0520 0.120 0.154*

(0.0903)  (0.0883)  (0.0848)

Average Indirect Effect

In (yije—1) 0.0538* 0.0478 0.0451
(0.0283)  (0.0334)  (0.0373)
In (sj;) 0.0864**  0.109** 0.129**
(0.0376)  (0.0479)  (0.0557)
In (15 + g +6) 0.0310 0.0345 0.0494
(0.0512)  (0.0719)  (0.0872)
wgipcai 0.00128  0.00830 0.0155
(0.00676)  (0.00955)  (0.0122)
In (eufrij +1) 0.493 0.543 0.508

(0.360) (0.478) (0.588)

Average Total Effect

In (yijt-1) -0.104™*  -0.100"**  -0.0976**
(0.0276) (0.0334) (0.0382)
In (si;¢) 0.0922**  0.115** 0.136**
(0.0417) (0.0517) (0.0592)
In (n + g +9) -0.000394  0.00200 0.0165
(0.0520) (0.0727) (0.0882)
wgipca;; 0.0126* 0.0182** 0.0247**
(0.00650)  (0.00910)  (0.0115)
In (eufrjy +1) 0.545 0.663 0.662

(0.347) (0.463) (0.572)

Note: Robust standard errors in parentheses. Significance: *p<0.1; **p<0.05; ***p<0.01.
Column (1) considers spillovers between pairs of regions only in the first quartile by distance
(up to 660 km from each other), column (2) considers the first two quartiles (up to 1090 km),
and column (3) includes the first three quartiles (up to 1594 km). The regions with distances
above these threshold are assigned zero weights.
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Table A9: Cohesion Policy and Inter-regional Spillovers: robustness
check for SDM with knn spatial weight matricesl

(1) 2 (3) (4) (5)
Aln yi]'t Aln yijt Aln ]/ijt Aln yijt Aln yijt
k=5 k=10 k=15 k=25 k = 50
0 0.665** 0.738"* 0.788"** 0.840*** 0.899***
(0.0148) (0.0174) (0.0163) (0.0153) (0.0135)
In (y,-]-t,l) -0.165***  -0.164™** -0.159™* -0.150"**  -0.133***
(0.0179) (0.0164) (0.0155) (0.0148) (0.0132)
In (sij,) 0.00567 0.00145 0.00389 0.0105* 0.0145**
(0.00717)  (0.00687) (0.00624) (0.00583)  (0.00621)
In (n,-]-t +g+9) -0.0334***  -0.0309***  -0.0284***  -0.0285***  -0.0305***
(0.00495)  (0.00416) (0.00373) (0.00386)  (0.00434)
wgipca;; 0.0116"*  0.0118*** 0.0125*** 0.0130***  0.0105***
(0.00300)  (0.00285) (0.00273) (0.00242)  (0.00197)
In (eufr,'jt +1) -0.0119 0.0411 0.0733 0.131 0.220**
(0.110) (0.102) (0.0980) (0.108) (0.110)
Wk In (yijt,l) 0.130%** 0.137*** 0.136*** 0.132%** 0.128***
(0.0175) (0.0168) (0.0161) (0.0155) (0.0149)
W xIn (siif) 0.0163** 0.0239*** 0.0223** 0.0135 0.000109
(0.00801)  (0.00896) (0.00935) (0.0104) (0.0134)
W xIn (n;]', +g+9) 0.0276 0.0252 0.0144 0.00977 0.0272
(0.0144) (0.0148) (0.0143) (0.0178) (0.0279)
W x wgipcay -0.00762**  -0.00888**  -0.00974*** -0.0115"** -0.00742**
(0.00299)  (0.00324) (0.00335) (0.00337)  (0.00364)
Wk In (eufrij, +1) 0.0604 -0.000656 -0.00993 -0.0914 -0.365
(0.129) (0.142) (0.153) (0.195) (0.227)
Observations 4734 4734 4734 4734 4732
Log-likelihood 10679.40 10704.99 10714.27 10651.74  10.570.67
AIC -21308.5 -21359.3 -21379.4 -21266.5 -21099.0
BIC -21140.5 -21191.3 -21211.3 -21098.5 -20931.0
Coefficient test § = 0 (x2)  289.99"**  297.32*** 274.44** 234.99**  196.51"**
Coefficient test § = —Bp 70.35%** 59.42%%* 42.92%** 20.89*** 10*
Regional FEs Yes Yes Yes Yes Yes
Time FEs Yes Yes Yes Yes Yes

Note: Robust standard errors in parentheses. Significance: *p<0.1; **p<0.05; ***p<0.01.
Results are based on spatial weight matrix with k-nearest neighbours: 5 nearest neighbours
in column (1), 10 in column (2), 15 in column (3), 25 in column (4), and 50 nearest neighbours
in column (5). The remaining regions were assigned zero weights. Dependent variable is the
growth of regional GDP per capita (Aln(y;;;)). Independent variables are: the level of regional
GDP per capita in the previous year (l”(}/ijt—l))§ ratio of gross fixed capital formation on
regional GDP (Sijt)§ term containing population growth, technological progress and depreci-
ation rates (In(n;j; + g+ 6)); quality of institutions (wgipca;) and ratio of the EU funds to
regional GDP (In(eufr;j; + 1). Furthermore, W represents the spatial weight matrix.
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Table A10: Cohesion Policy and Inter-regional Spillovers - Direct,
Indirect and Total Effects robustness check with knn based spatial
weight matrices

1) 2) 3) 4) (5)
Aln yj]'f Aln yj]'f Aln yj]'f Aln yj]'f Aln yj]'f
k=5 k=10 k=15 k=25 k =50

Average Direct Effect

In (1) 201607 01627 -0.158**  -0.149*  -0.132%**
(0.0176)  (0.0165)  (0.0158)  (0.0152)  (0.0136)
In (sijr) 0.00931  0.00463  0.00652  0.0122**  0.0151**
(0.00755)  (0.00737)  (0.00655)  (0.00616)  (0.00639)
In (njt + g +6) -0.03217*  -0.0303***  -0.0200*"* -0.0204*** -0.0301***
(0.00447)  (0.00411)  (0.00380)  (0.00401)  (0.00460)
wgipcay, 0.0116***  0.0116™*  0.0125"*  0.0120"*  0.0105***
(0.00283)  (0.00275)  (0.00265)  (0.00239)  (0.00197)
In (e fri; +1) 0.00105  0.0479 0.0815 0.135 0.211*

(0.0992)  (0.0930)  (0.0896)  (0.0977)  (0.0987)

Average Indirect Effect

In (1) 0.0583"*  0.0576"  0.0515 0.0409 0.0919
(0.0215)  (0.0279)  (0.0353)  (0.0467)  (0.0833)
In (s;) 0.0561  0.0915**  0.117* 0.135* 0.125
(0.0227)  (0.0376)  (0.0478)  (0.0747)  (0.152)
In (15 + g +0) 00124 000571  -0.0404  -0.0907  -0.00702
(0.0341)  (0.0488)  (0.0615)  (0.105)  (0.276)
wgipcay 0.000756  -0.000158  0.00156  -0.00182  0.0233
(0.00410)  (0.00639)  (0.00865)  (0.0140)  (0.0302)
In (eufry +1) 0.142 0.0993 0.195 0.0683 -1.736

(0.218) (0.336) (0.478) (0.810) (1.655)

Average Total Effect

In (1) 20102 -0.104**  -0.106*  -0.108**  -0.0402
(0.0200)  (0.0278)  (0.0366)  (0.0487)  (0.0849)
In (sijr) 0.0655**  0.0961**  0.123**  0.147 * 0.140
(0.0270)  (0.0423)  (0.0515)  (0.0784)  (0.155)
In (n3j¢ + g +6) -0.0197  -0.0246  -0.0695 -0.120 -0.0371
(0.0349)  (0.0501)  (0.0629)  (0.106) (0.278)
wgipcay, 0.0123**  0.0115*  0.0140* 0.0111 0.0338
(0.00278)  (0.00399)  (0.00541)  (0.00886)  (0.0209)
In (e fri; +1) 0.143 0.147 0.276 0.204 -1.525

(0.206) (0.323) (0.461) (0.776) (1.627)
Note: Robust standard errors in parentheses. Significance: *p<0.1; **p<0.05; ***p<0.01.
Results are based on spatial weight matrix with k-nearest neighbours: 5 nearest neighbours
in column (1), 10 in column (2), 15 in column (3), 25 in column (4), and 50 nearest neighbours
in column (5). The remaining regions were assigned zero weights.
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Chapter 2

Out of the Dark into the Light? Border Urban

Municipalities and Eastern EU Enlargements

2.1 Introduction

In the presence of borders, one typically imagines a series of checkpoints and out-
posts separating two countries, aimed at controlling or reducing the flow of persons
and goods. Such hard borders constitute an important impediment to economic ex-
change between neighboring countries. In Europe, an extreme example was the Iron
Curtain dividing the Soviet sphere of influence from the rest of the continent during
the second half of the 20" century. At the opposite end of the spectrum is the Eu-
ropean Union’s (EU) single market, which has eliminated many barriers to the free
movement of goods, capital, labor, and people. Crucially, the Central and Eastern
European Countries (CEECs), formerly located behind the Iron Curtain, were given
the opportunity to join the EU in the 2000s. The significant reduction in border regu-
lations between the new and old member states (NMS and EU15 henceforth), as well
as among the NMS themselves, had the potential to increase cross-border interactions
and stimulate economic activity. The favorable impact of the EU enlargement should
be felt particularly strongly in the regions surrounding these borders, as these regions
evolve from being at the economic and geographic periphery to conduits for flows of

goods, services, and people.
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The central question therefore is whether urban municipalities near the treated bor-
ders benefit more from economic integration than those located in the hinterland of
these new member states.! Or, as Petrakos et al. (2008) put it, whether EU integra-
tion builds bridges that connect border regions on both sides or tunnels that bypass

them and rather improve the economic development in the hinterland.

If the removal of border barriers in the course of European economic integration
is understood as a reduction in transport costs, it can also be seen as an increase
in market potential for firms, opening access to new customers across the border.
Households may likewise relocate to border areas and commute to jobs in the for-
eign market without leaving their country, particularly when wages abroad are more
attractive. In this sense, lower trade costs improve border regions’ access to foreign
markets (Niebuhr et al., 2002). Border areas may also offer firms cheaper produc-
tion factors and workers more affordable amenities. On the other hand, Crozet and
Soubeyran (2004) and Petrakos et al. (2008) highlight the competitive pressures that
accompany trade liberalization. As a result, border regions must be sufficiently pro-
ductive to remain competitive, and the benefits of liberalization may be distributed

asymmetrically across borders.

The seminal work evaluating the impact of EU enlargements on border areas is Brak-
man et al. (2012). The authors analyze the impact of all EU enlargements that oc-
curred until 2012 on cities located close to treated borders, using the remainder of the
cities in their sample located further from the border as the control group.? Using the
share of population of cities in the country’s population as a proxy for economic de-
velopment, they find that border cities benefit more from EU enlargements than the
cities in the hinterland. Focusing on the 2004 and 2007 Eastern enlargements, they

find that the impact of these specific expansions is greater in magnitude compared

L As treated borders, I define land borders that became internal borders of the EU after the respective
enlargements. Those can be either borders between the acceding new member states or between the
existing EU members and new member states.

2This approach is inspired by Redding and Sturm (2008) who assess the effect of German division
on the population of cities located close to the border separating former East Germany and former
West Germany.
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to the overall effect of EU widening. Subsequent studies at the regional (Wassmann,
2016; Mitze and Breidenbach, 2018; Gouveia et al., 2020; Kapanadze, 2021; Mitze
and Breidenbach, 2024) and municipal levels (Briilhart et al., 2018; Heider, 2019;
Kapanadze, 2022; Poehnlein, 2025; Bachtrogler-Unger et al., 2023; Coufalova et al.,

2024) generally report a positive impact of Eastern EU enlargements on border areas.

In this paper, similarly to the previous literature, I approach the impact of EU en-
largement on border areas by comparing urban municipalities close to the treated
borders of the Eastern enlargements to municipalities located in the hinterland.? My
main contribution to the literature is the use of granular annual data covering the
new member states of the Eastern Enlargements as well as the adjacent EU15 coun-
tries. In addition, I draw on recent advances in causal inference to compare urban
municipalities at the border with those in the hinterland. I further emphasize dif-
ferences depending on whether the urban municipality is located in an established
or a new member state, and on which of the two lies across the border (structural
heterogeneity). Lastly, I also highlight the anticipation effects stemming from the

pre-enlargement liberalization into account (temporal heterogeneity).

To be more concrete, I am able to overcome obstacles associated with the availability
of yearly data at the municipality level, for multiple countries, by using the growth of
nighttime lights (NTL) as a proxy for economic development. Since the satellites have
difficulties detecting NTL stemming from the low density areas, the data attributed to
rural areas may be just overglow from urban areas.* Therefore, I summarize the data
using spatial data on urban clusters in the EU from GISCO that allows me to eliminate

the noise in non-urban areas in the nighttime lights data. Moreover, I compute relative

3The term “Fastern EU enlargements” is commonly used to denote the 2004 and 2007 enlargements of
the European Union, while the 2013 accession of Croatia is usually referred to as the first “Western
Balkans EU enlargement.”. For simplicity, however, I use the term “Fastern EU enlargements”
throughout this paper to cover all three accession rounds (2004, 2007, and 2013). Furthermore, I
exclude two island countries, Cyprus and Malta, who were part of the 2004 enlargement, as they do
not have any land borders with other EU member states. Similarly, I do not consider municipalities
close to sea borders (such as the border between Poland and Sweden, as such borders constitute a
significant geographic impediment to flows of goods and people compared to land borders.)

4 Another possibility of granular data is the use of firm level data, that we employ in Chapter 3. In
Chapter 3 we also discuss the differences between NTL data and firm level data.
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levels of NTL for urban municipalities by dividing their NTL by the total NTL of
all urban municipalities within the same country, thereby improving cross-country
comparability. I use difference-in-differences to compare the border municipalities
with the ones located in the hinterland. To prevent spillovers from the treatment to

the control group, I implement a buffer zone.

Overall, there is no significant effect of the Eastern EU enlargements on border urban
municipalities. Nevertheless, examining structural heterogeneity reveals significant
effects. What initially appears surprising is that the 2004 EU enlargement had a
positive impact on urban municipalities in the NMS located near borders with other
NMS, but a negative impact on municipalities near borders with EU15 countries.
Investigating potential anticipation effects may help explain these patterns: I find
a positive effect in the pre-accession period for NMS municipalities close to EU15
borders. A possible explanation could be trade liberalization in the pre-accession
period. While the trade between the EU15 and the NMS underwent gradual and
important liberalization already occurred during the accession negotiations, the EU
enlargement liberalized trade also among the NMS themselves. Due to a higher degree
of trade liberalization, Richter (1998) and Egger and Larch (2011) note that these
agreements stimulate trade between NMS and the EU15 rather than between NMS.
Exploitation of asymmetries in terms of prices and institutional differences in the pre-
accession period could also be an explanation. Hence, the EU accession constituted a

larger shock for municipalities in the proximity of borders of two NMS.

Note that the insignificant or negative results for the later two enlargements does not
mean that the urban municipalities did not benefit from the accession into the EU.
It just signifies that there is no difference between them and the urban municipalities
located in the hinterland, or, in case of negative effects, that the interior regions

benefited more strongly than the border areas.

I examine characteristics that may explain the heterogeneous impacts of EU enlarge-

ment. Specifically, I consider the size of an urban municipality, its foreign market
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potential, and the elevation at the nearest border point. The results suggest that

different factors shaped the outcomes across enlargement waves.

Less populated border municipalities in the 2007 enlargement benefited from EU
accession, while municipalities with higher market potential saw positive effects in
the 2004 enlargement. By contrast, I do not find much evidence that municipalities
located near natural barriers, experienced negative impacts. An exception may be
constituted by urban municipalities near the Croatian enlargement border that fall

within the first quartile of elevation.

These results remain robust across a range of sensitivity checks. Whether it is al-
terations of the methodological setup, changes of the control and treatment groups,
changes in the sample or in the computation of the NTL, results do not change

qualitatively.

Related literature. My results primarily contribute to the understanding of the
impact of economic integration on the economies of border regions. McCallum (1995)
coined the term border effect based on his finding, using a gravity model, that due
to the transaction costs posed by the border, intra-national trade is far larger than
international trade. In other words, borders limit the potential for trade between
countries. Subsequent studies have found similar results, as documented by a meta-
analysis of Havranek and Irsova (2017). This border-induced limitation on trade po-
tential has been exploited by Redding and Sturm (2008); Nakajima (2008); Nagy
(2018); Kochnev (2019); Hoffstadt (2022); Coufalové et al. (2024); Behrens (2024) to
analyze the impact of establishment of new borders on the economic development of
the surrounding regions. Similarly to these papers, I underscore the importance of

market potential.

While previous papers investigate several cases in which a loss of market potential
due to disintegration or an increase in trade impediments, I highlight the relevance
of market potential when the trade barriers are removed. With that I contribute to

the literature on the impact of EU enlargements on border areas Brakman et al.
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(2012); Wassmann (2016); Mitze and Breidenbach (2018); Heider (2019); Briilhart
et al. (2019); Kapanadze (2021, 2022); Mitze and Breidenbach (2024). My paper
combines the granularity of data used in Brakman et al. (2012) with a more regular

frequency and the focus on structural and temporal heterogeneities of Mitze and

Breidenbach (2024).

In this paper, I also contribute to the literature on the impact of EU enlargement on
regional disparities. That is, along the lines of Camagni et al. (2020) and Jakubowski
and Wojcik (2024), I point to differences across and within enlargements in terms of
regional development. As such, understanding the barriers of development in border
regions can help in designing policies that help in overcoming left-behindness in the
EU (Rodriguez-Pose et al., 2024). Lastly, my paper is also related to findings on EU
enlargement in general, following the work of Campos et al. (2019) and Badinger
(2005). However, in contrast to those papers, negative or insignificant results do not
stipulate that the border regions do not benefit from joining the EU, but rather that

they profit less than or as much as the inland areas.

2.2 Eastern EU Enlargements and the Border Areas

The Eastern enlargements took place in three phases: in 2004 ten countries (Estonia,
Latvia, Lithuania, Poland, Czechia, Slovakia, Hungary, Slovenia, Malta and Cyprus)
joined the EU, followed up by Romania and Bulgaria in 2007 and Croatia in 2013.°
As the bulk of the candidate countries were formerly planned economies, whereas the
EU operated based on functional principles of the market economy, we observe in
Table 2.1 that the accession process was rather gradual in order to give the prospec-
tive NMS time to reduce the differences between them and the EU15. Prior to the
accession, the prospective NMS had to fulfill requirements that were formalized as the
Copenhagen criteria: mainly requiring institutional changes, which would guarantee

a functioning democracy, rule of law and human rights, and economic reforms that

5Even though they were part of the 2004 enlargement, Cyprus and Malta are not considered in
further analysis due to them not sharing a land border with another EU country.



2.2. Eastern EU Enlargements and the Border Areas 57

would warrant a market economy that can deal with the competitive pressure from
the single market (Baldwin and Wyplosz, 2022). Additionally, the prospective NMS
signed bilateral free trade agreements with the EU15 countries, called the Europe
agreements, as well as created free trade areas among themselves: the Central Eu-
ropean Free Trade Area (CEFTA) and the Baltic Free Trade Area (BAFTA). The
magnitude of trade liberalization varied across these free trade agreements, as the
Europa Agreements went further than CEFTA in lowering tariffs across all sectors,
with the exception of agriculture. Furthermore, the Europe agreements encouraged
the imports of machinery that could have served to promote the modernization in
the CEFTA countries (Richter, 1998). In fact, Egger and Larch (2011) suggest that
Europe agreements might have strengthened the trade between NMS and EU15 coun-
tries at the expense of trade between the NMS themselves. Despite having a more
ambitious nature by completely liberalizing regional trade, the impact of BAFTA was

similar to that of CEFTA (Kosma et al., 2003).

Similarly, accession to the EU itself did not remove all barriers. While accession
granted the NMS access to the single market, primarily by reducing trade barriers,
obstacles to the free movement of persons and labor remained in place. Although these
barriers were eliminated by 2011 for the 2004 enlargement cohort (and by 2023 for
Croatia and 2025 for the 2007 cohort), they were often relaxed or circumvented.® Yet,
as Campos et al. (2019) discuss, it is difficult to differentiate between the accession
effects from the subsequent deepening processes. They note that it could be the case
that the deepening process could have made the effects from joining the EU more

persistent.

The positive impact of Eastern EU enlargements on areas located near treated borders
stems from the idea that accession to the EU single market removes tariff and non-
tariff barriers that restrict their market access to the other side of the border. As such,

border areas can be more economically dependent on the cross-border ties because

6For instance, limited access to the labor markets of the EU15 countries could be bypassed by
registering individuals from the newly acceded countries as self-employed (Ulceluse and Kahanec,
2023).
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Table 2.1: The accession process of the Eastern enlargements.

Date Event

1991 Signing of the First Europe agreement

21.12.1992 Establishment of CEFTA (PL, CZ, SK, HU)
21.-22.3.1993  Accession candidates that sign Europe agreements can join the EU if they fulfill Copenhagen criteria
13.9.1993 Establishment of BAFTA (EE, LV, LT)

31.03.1998 Entry negotiations start (EE, PL, CZ, HU, SI)
15.02.2000 Entry negotiations start (LV, LT, SK, RO, BG)
13.12.2002 E8 entry negotiations end

01.05.2004 EU accession of E8

17.12.2004 E2 entry negotiations end

20.11.2005 HR entry negotiations start

01.01.2007 EU accession of E2

01.01.2007 SI adopts the Euro

21.12.2007 E8 join the Schengen Area

01.01.2009 SK adopts the Euro

01.01.2011 EE adopts the Euro

01.05.2011 Remaining EU labor market restrictions for E8 end
30.06.2011 HR entry negotiations end

01.07.2013 EU accession of HR

01.01.2014 Remaining EU labor market restrictions for E2 end
01.01.2015 LT adopts the Euro

01.07.2020 Remaining EU labor market restrictions for HR end
01.01.2023 HR adopts the Euro and joins the Schengen area
01.01.2025 E2 countries join the Schengen area

01.01.2026 BG adopts the Euro

Source: Baldwin and Wyplosz (2022). Note: Europe agreements with other prospective NMS
signed by 1995. CEFTA later expanded to other past (SI, HR, RO, BG) or current (MD, RS,
BH, ME, MK, AL, XK) EU enlargement candidates among the CEECs. E8 denotes the eastern
eight countries (Estonia, Latvia, Lithuania, Poland, Czechia, Slovakia, Hungary and Slovenia),
while E2 represents the eastern two (Romania and Bulgaria). Countries are denoted by their
ISO 3166-1 alpha-2 codes. Malta and Cyprus also entered the EU in 2004, but as they are not
part of the analysis, I do not include them in the table.

of being disadvantaged in terms of domestic market access due to their marginal
position within their own country. That is, being located in the interior of the country
can offer better connectivity to the rest of the country and thus serves as a more
attractive location for economic agents. In their analysis of the impact of German
division, Redding and Sturm (2008) suggest that the loss of market potential on the
other side of the border was a significant factor that led to the depopulation of West
German border cities. Reversing this mechanism results in the municipalities near
the treated borders of the Eastern enlargements benefiting from gaining in terms
of market potential across the formerly-external border of the EU. Building on the
argument that proximity to the border reduces transport costs, Crozet and Soubeyran
(2004) demonstrate that trade liberalization between two countries attracts firms to

border regions due to increased foreign demand.
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Yet, the impact of EU enlargement on border areas may not be only positive. The
border regions can be also caught up in a vicious cycle due to lack of agglomeration
effects.” For instance, Crozet and Soubeyran (2004) mention that the attractiveness
of the border region could be in its lower production costs, while the competition
from abroad may deter firms from moving to the border regions. As such, Petrakos
et al. (2008) mention that the gains and losses of trade liberalization may be asym-
metrically distributed across borders, relating them to the pre-enlargement state of
the development of the region. For less developed areas they stress the importance
of being productive enough to compete in the new economic environment. Niebuhr
et al. (2002) also stress the importance of vertical linkages between firms on either
side of the border so that border regions could benefit from spatial concentration of

firms.

2.3 Data and methodology

The impact of Eastern enlargements on border areas can be evaluated in two ways.
Using aggregate data, such as NUTS regions, allows the use of standard economic
variables such as GDP per capita. However, as the population density is higher in the
EU15, the NUTS regions tend to be smaller in the EU15 countries.® Consequently,
border areas tend to cover a greater geographical space in the NMS than in the
EU15. Moreover, using the data at the NUTS level might lead to a Modifiable Unit
Area Problem as it aggregates the data that may lead to loss of information and an
increase in estimation uncertainty (Grasland et al., 2006; Simonovska and Tafenau,
2024). On the other hand, using municipalities (or grids) as spatial units of interest

allows for more flexibility in defining the border areas, which could be also defined

"Historically, border areas were mainly conflict zones that frequently changed hands, or buffer zones
to protect the hinterland. Consequently, Allen (2023) shows that borders in Europe tend to be
located equidistant between capital cities of two neighboring countries.

8The NUTS regions are defined by three principles: to have population within defined ranges to be
comparable, to fall within administrative divisions of a country to have available data and in case
of need to be able to be amended every three years. As a result of the combination of the first two
criteria, for instance, the NUTS3 regions of Germany are based on the third German administrative
subdivision (Kreise), while in the case of Czechia it is the first level (Kraje) (Commission et al.,
2020).
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symmetrically on both sides of the borders. However, the unavailability of regular
economic data, especially whose definitions are comparable across countries, often
leads to the use of proxies of economic activity. Brakman et al. (2012) and Heider
(2019) resort to using population growth rates as proxies of economic development.
Yet, yearly data on city population are difficult to obtain beyond the scope of a single

country. 9

A suitable alternative to population as a proxy of economic growth at a granular level
is the nighttime lights (NTL) data, which has been employed in several recent analyses
(Briilhart et al., 2019; Kapanadze, 2022; Bachtrégler-Unger et al., 2023).1° The un-
derlying logic is that consumption of almost all goods in the evening requires the use
of lights. With rising income, the night light intensity increases, as a consequence of a
surge in private consumption of goods, investment activities or production activities.
An increase in light emissions of a city may reflect its expansion or, to some extent,

a boost in well-being in existing parts of the city (see Henderson et al., 2012).'1

NTL data are available from two satellite/sensor programs: the Operational Lines-
can System of the U.S. Air Force Defense Meteorological Satellite Program (DMSP-
OLS) and the Suomi National Polar-orbiting Partnership Visible Infrared Imaging
Radiometer Suite (Suomi NPP-VIIRS). The data from the DMSP-OLS satellites span
1992-2013 and are collected by satellites, which observe every location on Earth at
some point between 7:30 pm and 10:00 pm local timezone.'? This allows a relatively
long pre-treatment period before the Eastern Enlargements. Yet, the data from the
DMSP-OLS suffer from several caveats. Firstly, the data are available for 30 arc

second grid cells (an area of 0.86 km? at the equator), where each cell has a value

9Brakman et al. (2012) use population data for cities from the whole EU, however the sample is
limited by the number of cities and the frequency of the data is irregular (they have 2140 cities in
their sample and overall 6286 observations yielding an average of around 2.61 years per city).
10 Another possibility of granular data lies in the yearly firm level data. This possibility is further
discussed Chapter 3.
1INote that NTL may contain both information on consumption and production of some goods,
resulting in double-counting, while underestimate production of goods and services occurring during
prevalently during daytime, such as financial services.
12110 satellite collected data from 1992 to 1994, F12 from 1994 to 1999, F14 from 1997 to 2003, F15
from 2000 to 2007, F16 from 2004 to 2009 and F18 from 2010 to 2013.
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(digital number) ranging from 0 (dim) to 63 (bright). Hence, the digital values are
top-coded. Since the values in the city center mostly have the top-coded value of 63,
this makes it impossible to register NTL growth of cities stemming from the growth
in their centers. Another problem is that the data are blurred. In other words, due to
the way the satellite processes the data and the lack of onboard memory to store fine
data, the attribution of the NTL from the DMSP-OLS satellites might not be entirely
precise. Even though the size of a pixel is not larger than 0.86 km?, luminosity stem-
ming form this pixel is attributed to an area of around 2.7x2.7 km.'? Importantly,
even though Elvidge et al. (1997) calibrate the data to facilitate their inter-temporal
comparison, such comparisons might still be difficult due to the data stemming from

various satellites (Gibson et al., 2020).

Several techniques have been developed to address the problems of the DMSP-OLS
dataset. Notably, Abrahams et al. (2018) use Gaussian filters to reduce the blurring
of the data DMSP-OLS data. Alternatively, Bluhm and Krause (2022) work out a
procedure to correct the top-coding of the digital values of DMSP-OLS. Yet, both
approaches still produce the data on the level of satellite-years, not solving cross-
sensor or cross-year calibration problems. On the contrary, Li et al. (2020) apply
stepwise calibration to produce a dataset more suitable for intertemporal comparisons
and extend the time series by incorporating Suomi NPP-VIIRS data, but they do
not address the issues of top-coding and data blurriness. As such, there is no single
solution that resolves all the limitations of the DMSP-OLS dataset; the appropriate

approach ultimately depends on the researcher’s priorities.*

Due to these challenges, NTL are often recommended as a proxy for economic ac-
tivity when GDP data are unavailable or unreliable. This can result from poor data
aggregation and measurement (Chen and Nordhaus, 2011), manipulation of official

statistics (Martinez, 2022), or a substantial presence of informal or shadow economic

BTuttle et al. (2013) have released high pressure sodium lamps powered by portable generators in
wilderness to measure the precision of the F16 and F18 satellites orbiting at that time. They found
that this point was present in the DMSP-OLS images for between 4 and 10 pixels.

14See Nguyen and Noy (2018) and Gibson et al. (2020) for a survey of the use of NTL in empirical
literature.
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activity (Tanaka and Keola, 2017). Moreover, NTL provide spatially detailed infor-
mation at the sub-national level, where no other consistent economic data may exist.
As the NTL data provide yearly economic information on municipalities, I use them
to analyze the questions at hand. Additionally, NTL captures aspects of the informal

economy in border areas.

To have data that make inter-temporal comparison more viable, I consider the dataset
provided by Li et al. (2020).15 A second benefit of the dataset is that it combines the
DMSP-OLS data with the NTL data from the Suomi NPP-VIIRS. This yields a
dataset that covers a period from 1992 to 2021, adding eight years to the DMSP-OLS
data. Therefore, I have sufficient information on the economic development in urban

areas before and after the Eastern enlargements.

I then sum up the of NTL for urban areas of LAU municipalities.'® I use the definition
of urban areas in the data made available by GISCO (henceforth urban municipali-
ties). As such, urban clusters are defined as groups of contiguous raster cells with a
population density of at least 300 inhabitants per km? and an overall population of

at least 5000 inhabitants based on 2018 data.”

To improve comparability of NTL across countries, I compute, for each urban mu-
nicipality i, its share of national NTL in country c¢ (rel_NTL;., henceforth relative

NTL):

NTL;
NTL,

rel _NTL; = (2.1)

I5pigure B2 displays the distribution of digital numbers across the entire observation period. Values
above 55 account for roughly 30% of all cells in the sample, with those exceeding 60 representing
about 10.5%, and the maximum value of 63 making up 3% of the data. To address the top-coded
nature of the data, I also perform robustness checks by calculating weighted sums of NTL for each
urban municipality (Table B5).

16The cities of Bratislava and Kogice are divided into multiple districts on the LAU2 level. I merge
the districts together to have them as one city and be consistent with the rest of the sample.

I7The definition and data are available here https://tinyurl.com/bdz59e7p under the section ”Ur-
ban 2018”.
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Figure 2.1: Luminosity in the Bratislava Region.
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Note: The figure shows luminosity (intensity of NTL) in the Bratislava Region (bordering Austria,
Czechia and Hungary) as a whole (left) and for the urban municipalities (right) in 1992 (top row),
2004 (middle row) and 2021 (bottom row). Figure Bl shows the satellite view of the region for
comparison.

where NTL;. denotes the nighttime lights intensity of municipality i in country c,

and NTL, = Y, NTL;. is the total nighttime lights intensity of that country. All

observations associated with urban municipalities that exhibited extreme values—

growth rates of relative NTL exceeding 100%, equal to -100%, or missing—have been

excluded.®

18 This exclusion affects 20 units in the treatment group and 75 units in the control group. Table B5
includes results where only individual observations are excluded, showing no substantial differences
in outcomes.
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Figure 2.1 displays the raw data of Li et al. (2020) on the Slovak NUTS3 region
of Bratislavsky Kraj, which neighbors Austria, Czechia and Hungary. The left side
shows the data for the whole area, while the right side exhibits the data for the urban
municipalities, both in terms of luminosity.'® Much of the apparent rural luminosity
likely reflects urban overglow, especially in the central Bratislava Region where the
Malé Karpaty mountains are located (Figure B1). By concentrating on the urban
municipalities, I therefore remove areas with volatile levels of luminosity. This has
the advantage of removing certain noise from the data, which can be attributed to
either fluctuations of NTL themselves or overglow from the urban to the rural areas.
The rows of Figure 2.1 present the development of the luminosity in the border area
(from top to bottom) in 1992, 2004 and 2021. Notice, that it is possible to observe an
increase in the luminosity of some of the urban areas over time, denoting a possible
expansion of economic activity (most visible when considering at Bratislava itself, the

largest city in the eponymous region).

Finally, I calculate the minimal direct distance (in kilometers) from the centroids of
the urban municipalities to the borders.?’ I then construct a minimum value to a
treated category of borders (EU8, EU2, HR), the external border of the EU as well

as the borders that became internal EU borders in the previous enlargements.

To evaluate the effect of the EU enlargements on border municipalities, I opt for a
similar strategy as the previous literature by comparing the development of urban
municipalities in the vicinity of treated borders of the Eastern enlargements to those
located further away. To define the treatment, I apply the EU definition, which refers
to NUTS3 regions with a majority of their population living within 25 kilometers of a

land border.?! That is, the treatment group consists of urban municipalities located

9L uminosity here the denotes the digital number a pixel exhibits, ranging from 0 to 63. The more
NTL in a pixel, the higher the digital value (Elvidge et al., 1997).

20For the distances of urban municipalities to borders outside their country (for instance the distance
from a Lithuanian municipality to a border between Hungary and Croatia), I set the value to 9999.

2171t [border typology] identifies border regions in the European Union (EU) as those regions with
a land border, or those regions where more than half of the population lives within 25 km of
such a border.” For instance, the Croatian NUTS 3 of Grad Zagreb does not border any country,
but as majority of its population lives within 25 kilometers of a border it is a border region. See
https://tinyurl.com/me6arbf6 or https://tinyurl.com/49zv79v8.
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within 25 kilometers of a border affected by the EU enlargement. For this threshold,

the value for the nearest border is taken into account.?2

Such a design can violate the Stable Unit Treatment Value Assumption (SUTVA).
The reason is that the control group is also being affected by the EU accession.
However, it is difficult to find an alternative that would ensure a comparable control
group without any effect of the treatment. For instance, considering a control group
consisting of urban municipalities located in non-EU and non-EFTA countries near
the border with the EU might not solve the problem, as these spatial units could suffer
from a potential movement of economic activity from the external border of the new
EU member states to the proximity of the internal EU borders. Going beyond the
proximity of the external border of the EU might solve the issue of not violating the
SUTVA, but then the issue of similarity between the treatment and control groups is

debatable and might be subject to selection bias.??

Another problem is the possibility of spillovers from the treatment to the control
group. To cope with this, I implement a buffer between the treatment and control
groups. Hence, the control group is composed of urban municipalities located between

50 and 100 kilometers from the treated borders of the EU enlargement.

Figure 2.2 displays an overview of my sample in terms of distance from the treated
borders. Notice that some restrictions have been imposed on the sample. As urban
municipalities located within 50 kilometers of the borders that became internal with
the German reunification (1990) and the Neutral enlargement (Austria, 1995) might
still be influenced by long-term developments from these enlargements, I do not con-

sider these municipalities in the control group. I also exclude the urban municipalities

22For example, in the aforementioned Bratislava Region in Figure 2.1, Bratislava is 5.06 km from
Austria, 17.43 from Hungary and 51.83 from Czechia. To determine the treatment and the border
classification the minimum value, in this case I consider the distance from the Austrian border.

23Kapanadze (2021) propose an innovative approach of using regions of countries that acceded later
into the EU (Bulgaria, Romania and Croatia) as well as one non-EU country (Norway) in the donor
pool to create the synthetic counterfactuals of the 2004 enlargement regions. Yet, this approach
creates another problem of being able to compute only the short term effects of the 2004 enlarge-
ments as accession of Bulgaria an Romania in 2007 limits the post-treatment period to 2004-2006.
Furthermore, this does not fully eliminate the problem, as anticipation effects could be present for
Bulgaria and Romania.
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located within 50 kilometers of the external EU borders, since these could be affected

by trade diversion.?*

The evaluation of the impact of the Eastern Enlargements on border municipalities
assumes that the EU accession shock is exogenous for these areas. As the countries for
the Eastern Enlargements were selected based on the pre-treatment similarities with
the existing member states as well as geographic proximity, the treatment based on
country selection was not random. However, the exogeneity of the treatment of border
municipalities stems from the fact that it is determined solely by their geographical
locations: economic agents located in border areas could be affected due to their
proximity to a new market. The larger the distance to the treated border and from
other borders, the better the areas are expected to be connected to the interior of the

country.

As the Eastern Enlargements occurred in three waves, I have a staggered treatment.
Recent developments in the difference-in-differences methodology put forward draw-
backs in the two-way fixed effects estimator as it can lead to biased results in the
presence of staggered treatment and/or heterogeneity in treatment. That is, when
comparing groups to each other, the two-way fixed effects also uses the earlier treated
group in the control group for the later treated group leading to the “negative weight
problem”, which may lead to estimating negative effects even when the true impact

is positive (De Chaisemartin and d’Haultfoeuille, 2023; Roth et al., 2023).

To account for the heterogeneity of the impact across treatment groups, I rely on the
Callaway and Sant’Anna (2021) estimator. In comparison to other recent difference-
in-differences approaches, the strength and weaknesses of Callaway and Sant’Anna
(2021) approach stem in their reliance on comparing each post-treatment period to a
chosen pre-treatment reference period. This flexibility makes the method less sensitive

to violations of strict parallel trends and allows dynamic treatment effects to be

24Also in this case, the value of the nearest border is taken into account. For instance, the city of
Szeged in Hungary is located 16.30 km from Romania and 9.75 km from Serbia. As it is closer to
an external border of the EU, I excluded it from the sample.
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Figure 2.2: Location of urban municipalities in sample and their dis-
tance from border.
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Note: Maps show urban municipalities in my sample located in proximity of treated borders
of the E8 enlargement (Figure 2.2a), E2 enlargement (Figure 2.2b), Croatian enlargement
(Figure 2.2c). By near to the borders, means that they are within 100 kilometers from the
border, the enlargement border is the closest one and they are at least 50 kilometers away from
other borders. Black color denotes real proximity to the border (up to 25 kilometers from the
enlargement border), grey color denotes that urban municipality is in the hinterland (50-100
kilometers from the enlargement border). Estonian urban municipalities are not included due
to missing values in 2002. Table B1 and Table B2 contain cross-sectional counts of observations

per country and nearest border, respectively.

estimated. However, if treatment is anticipated before its official start, estimates may

be biased unless the reference period is chosen appropriately. Yet, Riittenauer and
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Aksoy (2024) add that this can be solved by changing the reference period.?

I apply the staggered difference-in-differences approach of Callaway and Sant’Anna
(2021), using not-yet-treated units as part of the control group. In other words, until
2007 and 2013, respectively, urban municipalities near the borders affected by these
enlargements are included in the control group for municipalities close to the 2004
enlargement borders. Formally, let ¢ € {0,2004,2007,2013} denote the treatment
cohorts with ¢ = 0 for not-yet-treated municipalities and Gg be a binary variable
equal to 1 the first time a unit is treated (Gi; = 1{G; = g}). Then, the Average
Treatment effect for cohort g at time t, ATT(g,t), labeled as group-time average

treatment effect by Callaway and Sant’Anna (2021), is as follows:

ATT(g,t) = E[Yi(g) — Yi(0)|Gig = 1]

where Yj;(g) denotes the potential outcome that unit i would experience at time
t if they were to first become treated in time period g. In this case, I consider as
outcome the growth of relative NTL of an urban municipality at time {. Hence, the
ATT(g,t) identifies the average treatment effect for cohort g in period t. Callaway and
Sant’Anna (2021) estimator makes it possible to provide also aggregate group-time

average treatment effects:

1

T
t=¢

In other words, this computes the overall impact for each enlargement cohort sepa-
rately. The control group in this staggered approach is made up of not-yet-treated

units.26

25When comparing the recent difference-in-differences estimators, Riittenauer and Aksoy (2024) show
that the extended two-way fixed effects estimator by Wooldridge (2021) is more robust to antici-
pation effects. For this reason, I use the Wooldridge (2021) method as a robustness check

26Table B5 provides a robustness check of using only never-treated units in the control group.
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Table 2.2: Descriptive statistics of the main variables.

E8
1993-2003 2004-2021
0-25 50-100 0-25 50-100
N 327 287 327 287
NTL Mean 919.97 1422.51 990.41 1537.15
95% Conf Int.  [878.58; 961.36] [1245.25; 1599.76]  [955.01; 1025.81]  [1396.98; 1677.31]
rel_NTL (in %) Mean 0.47 0.52 0.48 0.5
95% Conf Int. [0.43; 0.51] [0.42; 0.61] [0.45; 0.51] [0.43; 0.57]
ANTL (in %) Mean 5.26 5.82 1.83 1.68
95% Conf Int. [4.52; 6.01] [5.07; 6.57] [1.4; 2.27] [1.24; 2.12]
Arel _ntl (in %) Mean 1.75 2.1 0.66 0.69
95% Conf Int. [1.26; 2.23] [1.63; 2.58] [0.35; 0.97] [0.39; 1]
pop_1990 Mean 24323.75 44188.57 24323.75 44188.57
95% Conf Int.  [23007.89; 25639.6]  [37034.9; 52355.87]  [23295.15; 25352.34]  [38707.29; 50683.49]
border__elev (in m) Mean 495.84 368.53 495.84 368.53
95% Conf Int.  [23007.89; 25639.6]  [36686.52; 51690.62] [23295.15; 25352.34]  [38324.31; 50052.83]
FMP Mean 17311.62 1487.45 17311.62 1487.45
95% Conf Int. [16844.15; 17779.09]  [1409.33; 1565.57] [16946.2; 17677.04] [1426.38; 1548.52]
E2
1993-2006 2007-2021
0-25 50-100 0-25 50-100
N 51 66 51 66
NTL Mean 634.22 690.9 805.67 896.36
95% Conf Int.  [573.86; 694.57] [625.34; 756.46] [735.01; 876.33] 817.83; 974.9]
rel _NTL (in %) Mean 0.45 0.66 0.46 0.68
95% Conf Int. [0.4; 0.49] [0.58; 0.74] [0.42; 0.5] [0.61; 0.76]
ANTL (in %) Mean 6.17 5.58 3.02 3
95% Conf Int. [4.4; 7.93] [4.07; 7.09] [1.89; 4.16] [2.14; 3.87]
Arel _NTL (in %) Mean 1.82 1.47 1.14 1.06
95% Conf Int. [0.64; 3] [0.51; 2.44] 0.19; 2.1] [0.39; 1.73]
pop_1990 Mean 31193.65 33664.72 31193.65 33664.72
95% Conf Int. [28135.56; 34251.73]  [29590.7; 37738.74]  [28239.39; 34147.9]  [29728.98; 37600.46]
border__elev (in m) Mean 203.54 288.4 203.54 288.4
95% Conf Int.  [177.38; 229.7] [255.2; 321.6] [178.27; 228.81] [256.33; 320.47]
FMP Mean 8555.52 1081.44 8555.52 1081.44
95% Conf Int.  [7921.8; 9189.24] [1010.3; 1152.57)  [7943.32; 9167.73]  [1012.72; 1150.16]
HR
1993-2012 2013-2021
0-25 50-100 0-25 50-100
N 28 3 28 3
NTL Mean 1632.84 850.84 1891.55 952.48
95% ConfInt.  [1206.28, 1969.41]  [674.47, 1027.21]  [1333.04, 2450.07]  [605.11, 1299.86]
rel _NTL (in %) Mean 1.87 0.76 1.82 0.76
95% Conf Int. [1.53; 2.2] [0.61; 0.9] [1.36; 2.28] [0.54; 0.99]
ANTL (in %) Mean 5.99 4.09 -0.82 -0.26
95% Conf Int. [4.47; 7.51] [0.53; 7.64] [-2.11; 0.48] [-3.77; 3.25]
Arel NTL (in %) Mean 1.59 0.21 -0.71 -0.23
95% Conf Int. [0.53; 2.66] [-1.92; 2.33) [-1.75; 0.32) [-2.87; 2.41)
pop_ 1990 Mean 42073.39 33497.15 42073.39 33497.15
95% Conf Int. [32321.79; 51824.98] [29050.99; 37943.32] [27523.07; 56623.71]  [26827.9; 40166.4]
border _elev (in m) Mean 328.91 170.03 328.91 170.03
95% Conf Int.  [310.39; 347.43] [146.89; 193.18] [301.28; 356.54] [135.32; 204.75]
FMP Mean 9094.01 1393.68 9094.01 1393.68

95% Conf Int.  [8608.91; 9579.11]  [1188.35; 1599.01]  [8370.19; 9817.82]  [1085.68; 1701.68]

Note: E8; E2 and HR denote the 2004, 2007 and 2013 enlargements respectively. N represents the number of units, NTL
and A NTL represent the luminosity and its growth rate, respectively. Similarly rel NTL and Arel NTL are the relative
luminosity and its growth rate, respectively. Level of population in 1990 is denoted by pop_ 1990, while border elev is the
elevation at the nearest border point and FMP represents the sum of population on the other side of the border within 100
km of of the urban municipality, discounted by distance.

To account for the structural heterogeneity mentioned by Mitze and Breidenbach
(2024), I divide the treated urban municipalities into three groups: those near borders

between two NMS, those in the EU15 near borders with NMS, and those in NMS
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near borders with EU15 countries. 2” The reason for this distinction lies in different
initial conditions. It does not only represent the differences in terms of economic and
institutional development due to being already part of the EU versus entering the

EU, but also the distinction in terms of pre-accession trade liberalization.

Beyond addressing structural heterogeneity, I also tackle the issue of temporal het-
erogeneity. To account for anticipation effects, I set the treatment start date to as

early as five years prior to the accession:

1

T
T T—g+o+1 Y ATT(gt,6)  withd € [-5,0]

t=g+0

ATT(g)

where J represents the years before treatment used to account for anticipation.

Table 2.2 reports the descriptive statistics broken down by control and treatment
groups as well as the pre- and post-accession periods. Besides the NTL variables, the
table contains also the variables used to evaluate potential factors behind the results:
level of population in 1990, elevation of the nearest border point and foreign market

1.2% Observe that with the exception of the 2013 Croatian accession, the areas

potentia
closer to the border exhibit a lower level of luminosity, as the capital city of Zagreb
is located close to the border with Slovenia, with a lower number of other urban
municipalities present in the border area. This is also reflected in the higher level of
average population of the border urban municipalities of the Croatian enlargement.
It seems that growth rates were higher in the pre-accession period than in the post-

accession period, which may reflect the general economic slowdown in the EU. Lastly,

because they are closest to the core economic areas of the EU15, the border urban

2"Mitze and Breidenbach (2024) use the term structural hetrogeneity to denote the differences be-
tween enlargement waves as well as between established and new member states.
28See Section 2.4.3 for a discussion about the sources and computation of these variables.
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Table 2.3: Baseline results.
(1) (2) (3) (4)
All EU15-NMS EU15-NMS NMS-NMS
Atel NTL Arel NTL Arel NTL Arel NTL
ATT (ES) 0.0269 0.0432 -0.0808* 0.0567*
(0.0165) (0.0274) (0.02) (0.0172)
ATT (E2) 0.0177 -0.0593 -0.0664 0.033
(0.0464) (0.048) (0.0606) (0.0581)
ATT (HR)  -0.1126 -0.1126
(0.0793) (0.0731)
Buffer Yes Yes Yes Yes
N (overall) 753 449 431 591
N (treated) 394 90 72 232
T 29 29 29 29
Cluster NUTS3 NUTS3 NUTS3 NUTS3

Note: Clustered standard errors in parentheses. Significance: ‘*’ 90% confidence band does
not cover 0. The rows indicate group-time treatment effect ts for municipalities belonging to
respective cohorts. The first column shows the results of a general model. The next columns
correspond to subdivisions of the treatment group: urban municipalities located near EU15-
NMS border on the EU15 side (2) or NMS side (3) or near the borders between two NMS

countries (4).

municipalities affected by the 2004 enlargement exhibit the highest levels of foreign

market potential.

2.4 Results

2.4.1 Baseline Results

Section 2.4 presents the baseline results. In the first column, I observe that the EU
enlargement had no significant impact on the border urban municipalities. Although
the main effects are insignificant, some differences may arise when looking at struc-
tural heterogeneity by dividing the treated urban municipalities into several groups
based on the category of their closest border. Indeed, the other columns of Section 2.4
reveal that the main benefactors of the 2004 enlargement are urban municipalities
located in the new member states, in the proximity of borders with other new member

states. Surprisingly, border urban municipalities in the NMS decreased their share of
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Figure 2.3: Dynamics of the baseline results.
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Note: Figures show the dynamics of the impact for urban municipalities in the respective
cohorts. The pre-treatment values on this figure correspond to the ATTs (what would have
been the effect of participating in the treatment if that given year were a year with treatment
participation). Urban municipalities in the treatment group are located within 25 kilometers
of borders part of the 2004, 2007 and 2013 enlargements (Figure 2.3a). In the other subfigures
the treatment group is made up of urban municipalities located in EU15 near borders with
NMS (Figure 2.3b), in NMS near borders with EU15 (Figure 2.3c), in NMS near borders
with other NMS (Figure 2.3d), respectively. Control group is made up of urban municipalities
located between 50 and 100 kilometers from the border for all cases.

national NTL in comparison to the control group. Likewise, treated urban municipal-
ities in EU15 close to borders with NMS of the E8 enlargement experienced a relative

downturn after the 2004 enlargement.

Note that a negative or insignificant impact reported in some columns does not mean

that the EU enlargement is not beneficial for these urban municipalities. It only shows
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that the benefits are smaller or just as big when compared to urban municipalities
located in the hinterland. Furthermore, due to the top coded nature of the NTL, a
positive effect most likely reflects a spatial expansion of the urban municipality or
population inflow to its suburban areas. Whether or not this has welfare-enhancing

effects depends on the development of amenities.

2.4.2 Temporal heterogeneity

The Eastern Enlargements were a gradual process, with trade liberalization taking
place in the pre-accession period and further deepening of the integration after the
enlargements happened (Table 2.1). Looking at the dynamics of the impact presented
in Section 2.4.1, we can observe a potential of anticipation effects, especially for the
different subgroups of the nearest border categories. A possible explanation could be
the trade liberalization that happened in the run-up to the EU accession, which can
can have two implications for the results, presented in columns (2)-(4) of Section 2.4
and Section 2.4.1. Firstly, the Europe agreements could have had an effect in the pre-
accession period on the urban municipalities in the vicinity of border areas between
the EU15 and the NMS. Secondly, as CEFTA had a lower degree of liberalization, EU
accession might have constituted a stronger trade-liberalization shock for the borders
between the NMS. Hence, the urban municipalities near a border between two NMS
that joined the EU in 2004 benefited more from the enlargement, while the results
are insignificant for urban municipalities near the border between an EU15 and NMS

country.

Figure 2.4 depicts the results taking anticipation into account. Notice the difference
between the different groups of municipalities. Urban municipalities located in the
NMS close to borders with an EU15 country might be positively impacted by the
enlargement a few years before the E8 took place. This is interesting when taking
into consideration that the effect for these treated municipalities becomes negative
in 2004. Taken together with the more ambitious liberalization between NMS and

EU15 in the 1990s, it might reflect that the border areas in NMS close to EU15 were
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Figure 2.4: Anticipation effects with é € [-5,0].
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Note: Figure depict the ATT coefficient for each accession group five years before and after
accession and the 90% confidence interval. Detailed results are available in the appendix.
On the (Figure 2.4a) are the results containing all urban municipalities, while the other
figures depict the results for urban municipalities located in EU15 near border with NMS
(Figure 2.4b), urban municipalities located in NMS near border with EU15 (Figure 2.4¢) and
urban municipalities located in NMS near border with other NMS (Figure 2.4d). Detailed
information on the results is in Table B3.

attractive in the pre-accession period, offering the firms a springboard to new market.
Coufalova et al. (2024) find that better foreign market access lead to an increase of
number of retail firms on the Czech side of the borer with Austria in the 1990s. As
such, this may indicate that, during this period, EU15 inhabitants increased their
demand for goods and services in the NMS, taking advantage of price differences.
Furthermore, another potential aspect is the possibility of an informal economy in

the border areas, utilizing the institutional differences between the NMS and the

EU15.
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On the contrary, urban municipalities located in NMS close to borders with other
NMS began to benefit only once the enlargement took place. The factors mentioned
above are less representative for borders between two NMS countries. This contrast

may be reflected in the differing results between the border groups.

2.4.3 Potential factors

As the treated municipalities as well as the borders they are close to are quite diverse
in terms characteristics, I evaluate some of these differences that might influence the
extent of the impact of EU enlargement on these urban municipalities. The impact
of EU accession on border urban municipalities may depend on the size of the urban
municipality. Assuming that the impact of trade liberalization on the surrounding
area diminishes with distance means that the shock is a local one. As such, trade
liberalization can have a bigger impact on smaller cities than on larger ones, as they
are less connected to the global economy and thus more dependent on the local
development (Redding and Sturm, 2008). Another way to see it is that larger cities
can have more diversified economies, which absorb the shock. The trade shock also
impacts the cities’ labor markets differently, depending on the city size. Briilhart
(2011) uses the congestion effect of rising population on the availability of amenities
to explain why persons might prefer to settle in smaller cities. Only with a wage
premium would they prefer to settle in larger cities. Consequently, when looking at
relative effects, trade liberalization can pose a higher shock for populations of smaller

municipalities, while impacting more the wage in larger cities.

I use the grid level data on the level of population in 1990 from Schiavina et al. (2022)
to compute the population of the urban municipalities in my sample. This provides
me with a baseline measure from 1990, i.e., prior to the start of my sample period,
and thus unlikely to be affected by the treatment. I then divide the treated group into
quartiles based on their population in 1990 and run four models for each quartile,

while keeping the control group constant to be able to compare the results.

The results are shown in Figure 2.5. The impact of EU accession is significant only
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Figure 2.5: Results by quartile of urban municipality population size.
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Note: Figures depict the ATT coefficient of each accession group and the 90% confidence
interval by quartile of distribution of population size of urban municipalities. Detailed results
are available in the appendix. Quartiles have been defined on the whole sample, but used
only to subset the treatment group to have the same comparable control group for evaluation
of the impact. The quartile ranges are: [3697.46-8117.26) for Q1, [8117.26-12285.16) for Q2,
[12285.16.59-24547.78) for Q3 and [24547.78-748565) for Q4. Detailed information on the
results is in Table B4. Spatial distribution of the quartiles is displayed in Figure B3.

for the first two quartiles of population size of treated urban municipalities of the E2
cohort. In other words, the results for the 2007 enlargement are consistent with the
findings of Redding and Sturm (2008) and Briilhart (2011), who attribute this to a

higher likelihood of local shocks for smaller municipalities or a higher labor supply

elasticity, respectively.

Population on the other side of the border can be an important factor. Trade liber-
alization in the form of EU accession improves the access to markets on the side of
the border. A higher number of potential customers on the other side of the border
can attract more firms and individuals in the border area Redding and Sturm (2008);
Ahlfeldt et al. (2015); Coufalova et al. (2024). To evaluate this mechanism, I use the
data from Schiavina et al. (2022) to construct a measure of foreign market potential

within 100 kilometers of the border urban municipality, based on Harris (1954):

P:
FMPi990 = ) 1(d;j < 100) ];.9.90
ij

JEF (i)

(2.2)
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Figure 2.6: Results by quartile of foreign market potential for border
urban municipalities.

Q1 @2 Q3 Q4 Q@2 3 Q4 at a2 Q3

Note: Figures depict the ATT coefficient of each accession group and the 90% confidence
interval by quartile of distribution of foreign market potential of urban municipalities. Detailed
results are available in the appendix. Quartiles have been defined on the whole sample, but
used only to subset the treatment group to have the same comparable control group for
evaluation of the impact. The quartile ranges are: [0-6445.74) for Q1, [6445.74-10385.55) for
Q2, [10385.55-21740.46) for Q3 and [21740.46-79147.85) for Q4. Detailed information on the
results is in Table B4. Spatial distribution of the quartiles is displayed in Figure B3.

where j € F (i) represents the set of cities in foreign country F within 100 kilometers
of the city 7, P; is the population of the city j in 1990 and d;; is the distance between
the cities 7 and j. I then divide the treated municipalities into quartiles based on their

foreign market potential and calculate the ATT for each quartile separetely without

making changes i the control group.

The results displayed in figure Figure 2.6 do not indicate much differences of the
effects between the quartiles of foreign market potential. With exception being the
urban municipalities located close to the 2004 enlargement borders, for which the
effect is positive for the third quartile. Interestingly, the impact becomes insignificant
for the fourth quartile. A possibility could be that with in localities with a large
foreign market potential the increased competition from abroad may also play a role

(Crozet and Soubeyran, 2004).
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A higher elevation of a border can limit the impact of EU integration on the sur-
rounding areas. To overcome high elevation border, investments in infrastructure
development are required, which might be restricted by environmental protection.?”
Hence, municipalities close to the more elevated borders might benefit less from the
accession, compared to the hinterland Capello et al. (2018). Rivers also constitute
barriers. As Frensch et al. (2023) note, crossing a river requires building bridges, or

alternative transport such as ferries. At the same time, they remark that rivers also

provide pathways for trade.

To investigate this, I use data from ESA (2018) to calculate the average elevation of
border segments of treated borders and classify them into quartiles. For the calcula-
tion of the ATTs, I subset the treated group by quartile and leave the control group

untouched to have comparable results across quartiles.

The results are presented in Figure 2.7. Similarly, the quartiles of the elevation of the
nearest border point show little significance. Interestingly, the effect is negative for
the third quartile of the urban municipalities close to borders of the 2007 enlargement
and first quartile of the Croatian enlargement. The latter case comprises mainly urban
municipalities near to the eastern part of the border between Hungary and Croatia,
which is marked by the Drava and Danube rivers, potentially confirming the barriers
posed by first nature geography. However, the former case is puzzling, as it mainly
concerns urban municipalities along the northern Hungary-Romania border, an area
without obvious natural barriers. Only a handful of treated municipalities lie close to

borders defined by natural obstacles.

2.4.4 Robustness checks

Methodological changes. To check for robustness of the results, I first consider

alterations in the methodological setup (Panel A in Table B5). Another way to include

29For example, a large share of the border between Greece and Bulgaria is part of national parks
(Kerkini Lake, Rodopi Mountain Range). Similarly, parts of the border area Germany and Czechia
have protected status (Cesky les and Sumava). Infrastructure projects are possible in such areas
but are subject to additional restrictions due to the protected status of the region.
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Figure 2.7: Results by quartile of elevation of nearest border segment.
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Note: Figures depict the ATT coefficient of each accession group and the 90% confidence
interval by quartile of distribution of closest border segment of urban municipalities. Detailed
results are available in the appendix. Quartiles have been used only to subset the treatment
group to have the same comparable control group for evaluation of the impact. The quartile
ranges are: [3.33-131.58) for Q1, [131.58-334.12) for Q2, [334.12-683.43) for Q3 and [683.43-
1760.09) for Q4 (in meters). Detailed information on the results is in Table B4. Spatial
distribution of the quartiles is displayed in Figure B3.

within country developments than computing relative NTL is to add country fixed
effects as the covariates. Additionally, I also include level of population in 1990 as
another covariate to be able to compare similar urban municipalities. I report the
results in columns (1)—(4), computed using the double-robust estimator of Callaway
and Sant’Anna (2021), with covariates included in both the outcome regression and
the inverse probability weighting. Notice that the ATT for all municipalities in E8
as well as both ATT for the 2013 enlargements become significant. However, the

dynamics in Figure B4 suggest greater bias than the baseline results in Section 2.4.1,

likely due to violations of the parallel trends assumption in the pre-treatment period.

Another possibility is to use a distinct difference-in-differences approach. I opt for
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the Wooldridge (2021) extended two way fixed effects as it can be robust to antic-
ipation and more efficient (Riittenauer and Aksoy, 2024). The results, in columns
(5)-(8), show minor changes. Namely, the coefficient for the E8 urban municipalities
in NMS close to borders with EU15 loses significance, while the ones for the E2 urban

municipalies on either side of the EU15-NMS borders become significant.

Altering the control group. I continue with adjusting the control group (Panel
B in Table B5). Callaway and Sant’Anna (2021) allows to have options for a control
group made of not-yet treated units or never-treated units. While in the baseline
results I opted for the former, in columns (1)-(4) I display the results for the latter
case. The choice of the control group has little impact on the coefficients. I undertake
a second change of the control group to include just the urban municipalities in the
same countries as the treatment group in the lower part of the table. However, the

impact, reported in columns (5)-(8) remains very similar to the baseline results.

Modifying the treatment group. Urban municipalities located in NUTS3 border
regions may still be subjected to benefits and obstructions associated with proximity
to a border. For instance, when examining the firms located close to the Italian
borders, Fantechi and Fratesi (2023) find that not only firms close to the border lag
behind the ones further away, but also the ones located in Italian NUTS3 border
regions experience lower levels of productivity. Hence, I change the definition of the
treatment group to encompass urban municipalities that are part of a NUTS3 border
region while being 50 kilometers from any other enlargement to see whether how
the treatment effects change when the treatment group expands. I also remove the
buffer zone between the treatment and control groups, leading to a higher number of

observations in the treatment and control groups.®’

The results, documented in Panel C of Table B5, remain significant for the E8 cohort

in NMS, but increase numerically. This may indicate that urban municipalities that

30This does not change much the estimated coefficients. For instance, the coefficient for E8 in column
(4) of Table B5 would be 0.634 (and significant) with the buffer in place.
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are in the border region and further away from the border, have higher growth rate

than the ones located in direct proximity of the border.

Restricting the sample. I proceed with general changes in the sample (Panel D
of Table B5). In the baseline specification, I excluded all urban municipalities with
growth rates above 100% or equal to —100%, as well as those with missing or zero
values. As an alternative, I remove only the individual observations, which results in
an unbalanced panel. I present the results in columns (1)-(4). The switch to an unbal-
anced panel does yields negligible changes. When examining the shares of individual
urban municipalities on national NTL, it is the capital cities that exhibit the highest
shares (Figure B5). Being outliers in this aspect, I remove them from the sample as
a further robustness check (columns (5)-(8)). What changes is that the general result
for the border urban municipalities of the E8 cohort and the Croatian enlargement

becomes significant.

Using alternative relative NTL measurements. Although the harmonized NTL
dataset of Li et al. (2020) provides the NTL over an extensive period, the data remains
top-coded. As an alternative to simply summing NTL across an urban municipality,
I compute weighted sums. Specifically, I weight the NTL digital numbers by the
frequency with which individual values occur within that municipality in a given year,
before calculating relative NTL. This approach, inspired by Pinkovskiy and Sala-i
Martin (2020), allows me to mitigate the censored nature of the data by assigning
less weight to the top-coded cells (fewer than 3% of the sample) while better capturing
the heterogeneous distribution within each urban municipality. The results, reported
in columns (1)-(4) of Panel E in Table B5, do not differ much from the baseline
results. Similarly, in columns (5)-(8) I report results, where I use population in 1990
on grid-level as weight for the weighted sum of NTL, before calculating relative NTL.
In this case, the coefficients for the E8 border urban municipalities located in NMS
numerically increase numerically. Moreover, the general ATT for the treated urban
municipalities of the 2004 and 2013 cohorts becomes significant. However, all is limited

with the use of urban municipalities.
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Lastly, the NTL data provided by Li et al. (2020) combines data from the DMSP-OLS
(1992-2013) and VIIRS satellites (2014-2021). To assess whether the combination of
these data impacts the result, I restrict the sample to cover only data from the former

satellites (last part of Panel E). This constraint does not qualitatively alter the results.

Overall the sensitivity checks show that the significance of the result for treated
municipalities of the E8 enlargement located in NMS, either near borders with EU15
countries are other NMS countries, are robust to various changes in the specification.
A few of the robustness checks indicate significant results for the E8 and the 2013

enlargement, though the evidence is not consistent.

2.5 Conclusions

In this paper, I assess the impact of three Eastern EU enlargements on urban mu-
nicipalities located in the proximity of the borders affected by these enlargements.
To enable a long-run evaluation of the impact at a granular level of urban munic-
ipalities, I calculate the growth rates of the proportion of each municipality’s sum
of nighttime lights in total national nighttime lights, based on the harmonized NTL
data developed by Li et al. (2020), as a proxy for economic development. The Call-
away and Sant’Anna (2021) difference-in-differences estimator allows me to account
for staggered treatment timing across the three cohorts of EU Eastern enlargements,
avoiding the drawbacks of the two-way fixed effects estimator. I also consider struc-
tural heterogeneity of the effect. That is, I calculate the impact for subsets of treated
urban municipalities based on whether they are located near a border between two

NMS as well as separately for both sides of for the borders between NMS and EU15.

My results suggest that the results are significantly positive for the municipalities
located in acceding countries of the 2004 enlargement close to a border with other
new member states. On the other hand, the effect of the 2004 enlargement urban
municipalities of the NMS near borders with EU15 countries is negative. This result

seems at first surprising, as one would expect the beneficiaries to be located on both
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sides of the border between new member states and EU15 countries, considering that
this provides one side of the border with access to new markets and the other side
with access to a market located in a more developed economy. Yet, accounting for
anticipation effects, I observe that urban municipalities on the NMS side of the EU15-
NMS borders might have benefited from the liberalization before the enlargement.
The reason being that trade between the NMS themselves was less liberalized in the
run-up to the to the accession than between the NMS and the EU15 (Egger and
Larch, 2011).

Upon examining potential factors influencing the impact of the enlargement, I find
that that urban municipalities of the 2004 enlargement with a higher market potential
benefited from the enlargement. Lack of significance among the quartiles for the urban
municipalities of the other enlargement, might suggest that closeness to EU15 helped
the 2004 enlargements. Smaller municipalities of the E2 cohort have significantly
positive effects in comparison to the urban municipalities in the hinterland. This
aligns with results from Redding and Sturm (2008) and Briilhart (2011) who suggest
that smaller cities are more sensitive to local shocks or have a higher labor supply. I
also evaluate, whether the impact of enlargement differed across quartiles of elevation
at the nearest border point. My findings indicate that the first quartile of the 2013
enlargement and second quartile of the E2 cohort were dampened upon enlargement.
In the former case, it could be argued that natural barriers impeded the effect of
accession, since these municipalities are located along sections of the Croatia—Hungary

border crossed by the Drava and Danube rivers.

My results are robust to alternative specifications. These include changes in the
methodological approach (different dependent variable with matching and different
difference-in-differences estimator), adjustments of the control group (never-treated
instead of not-yet treated and inclusion of observations from the same countries as
treated observations), alteration of the treatment definition (observations located in
NUTS 3 border regions), and changes restricting the time period to years covered by
the DMSP-OLS satellites (1992-2013) a swell as weighting the raw NTL data. None
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of the adjustments lead to qualitative changes in the results.

Yet, it needs to be noted that a negative or an insignificant result does not imply that
an urban municipality failed to benefit from the enlargements. Rather, it suggests
that their measured impact is either small or indistinguishable from that of urban
municipalities in the hinterland, and must also be understood relative to developments
within their own countries. Similarly, a positive effect does not necessarily mean it
is also welfare enhancing. This depends also on the policies accompanying expansion

and development of the urban municipality.

Petrakos et al. (2008) asked whether EU integration will turn borders from barriers
separating two countries to bridges connecting their border areas or tunnel bypassing
them. In a similar way, I ask here whether the enlargement brings more light into
border areas My answer is very similar to Mitze and Breidenbach (2024): it depends
on the characteristics of the municipalities, the border that separates them and the
countries on both sides of the border. Yet, my results might also support the previous
arguments stressing the importance of market potential. Rapid advancements in the
availability of granular data and improvements in econometric methodology can shed
further light in the future regarding the obstacles and boosters of economic integration

of these enlargements.

It is essential to find the barriers that hinder the integration of border areas into the
EU. If we are able to identify them, we can learn lessons for future enlargements,
as well as helping the current border areas to escape or avoid development traps.
Identification of problems of current border areas of the EU and border of areas of
prospective EU accession countries (mainly countries of the Western Balkans and

Ukraine) is also necessary and can be achieved with granular data.
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Appendix B

Figure B1: Satellite image of Bratislava Region.
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Note: The figure shows a satellite image of the Bratislava Region (bordering Austria, Czechia
and Hungary) to illustrate the NTL data in figure Figure 2.1. Source: Google Maps.
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Figure B2: Distribution of the digital number.

Digital Numiper

Note: Distribution of total number of cells of the area covered by the digital number they
represent throughout the period observed.
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Table B1: Number of observations by country.

CNTR_CODE N

AT
BG
CZ
DD
DE
EL
HR
HU
IT
LT
LV
PL
RO
S1
SK

36
44
128
95
31
3
22
110
43
4
6
109
47
14
61

Notes: The table reports cross-sectional count of observations by country, denoted by their ISO 3166-

further denotes the former German Democratic Republic.
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Table B2: Number of observations by nearest border (treated group
only).

Nearest border N

AT-CZ 9

AT-HU 11
AT-SI 14
AT-SK 10
BG-EL 8

BG-RO 23
CZ-DD 45
CZ-DE 17
CZ-PL 66
CZ-SK 22
DD-PL 28
HR-HU 10
HR-SI 18
HU-RO 20
HU-SK 43
IT-SI 20
LT-LV 3

LT-PL 1

PL-SK 26

Notes: The table reports cross-sectional count of observations by nearest border, denoted by the IS
the countries separated by the border. DD further denotes the former German Democratic Republ
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Table B3: Anticipation effects with § € [—5,0].

(1) () () (4) (5) (6) (7 (8)
All EU15-NMS EU15-NMS NMS-NMS All EU15-NMS EU15-NMS NMS-NMS
Arel NTL Arel NTL Avrel NTL Arel NTL Arel NTL Avrel NTL Arel NTL Arel NTL
ATT (E8) -0.0135 -0.0521 -0.0011 0.0055 0.0158 0.0171 0.0605* -0.0038
(0.016) (0.0286) (0.0206) (0.0267) (0.0132) (0.0194) (0.0218) (0.0173)
ATT (E2) -0.0018 0.0171 -0.0032 -0.0028 0.0054 -0.0033 -0.0251 0.0101
(0.0459) (0.0337) (0.1215) (0.0537) (0.0435) (0.0527) (0.0618) (0.0553)
ATT (HR) 0.0166 0.0166 0.0016 0.0016
(0.0425) (0.0426) (0.0593) (0.064)
Anticipation T-1 T-1 T-1 T-1 T-2 T-2 T-2 T-2
N (overall) 753 449 431 591 753 449 431 591
N (treated) 394 90 72 232 394 90 72 232
T 29 29 29 29 29 29 29 29
Cluster NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3
ATT (EB) 0.0078 0.0211 0.0318 -0.0081 0.0028 0.0352 -0.0174 -0.0068
(0.0111) (0.0219) (0.015) (0.0142) (0.0125) (0.0231) (0.0193) (0.0132)
ATT (E2) -0.0824 -0.1223* 0.0687* -0.1019 0.0247 0.15% -0.0369 0.0276
(0.0907) (0.012) (0.0146) (0.1047) (0.0516) (0.0217) (0.1526) (0.0537)
ATT (HR) -0.0018 -0.0018 -0.0083 -0.0083
(0.0864) (0.0872) (0.0377) (0.0397)
Anticipation T-3 T-3 T-3 T-3 T-4 T-4 T-4 T-4
N (overall) 753 449 431 591 753 449 431 591
N (treated) 394 90 72 232 394 90 72 232
T 29 29 29 29 29 29 29 29
Cluster NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3
ATT (E8) -0.0183 -0.1042* -0.0045 0.0236
(0.021) (0.0457) (0.0234) (0.02)
ATT (E2) -0.0112 -0.0496 0.1156* -0.0271
(0.0381) (0.1294) (0.0482) (0.0387)
ATT (HR) -0.0141 -0.0141
(0.0286) (0.0284)
Anticipation T-5 T-5 T-5 T-5
N (overall) 753 449 431 591
N (treated) 394 90 72 232
T 29 29 29 29
Cluster NUTS3 NUTS3 NUTS3 NUTS3

Note: Clustered standard errors in parentheses. Significance: ¥’ 90% confidence band does not cover 0. The rows indicate group-time
treatment effects for municipalities belonging to respective cohorts. The first and fifth column show the results of a general model. The
next columns correspond to subdivisions of the treatment group: urban municipalities located in near EU15-NMS border on the EU15
side ((2) and (6)) or NMS side ((3) and (7)) or near the borders between two NMS countries ((4) and (8)).
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Figure B3: Average elevation of border segments.
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Table B4: Results based on quartiles of population size and nearest border segment elevation.

(1) @) () (4) (5) (6) wl (8)
All EU15-NMS EU15-NMS NMS-NMS All EU15-NMS EU15-NMS NMS-NMS
Arel NTL A rel_NTL A rel_NTL Arel NTL Arel NTL Arel NTL Arel NTL Arel NTL
ATT (EB) 0.051 0.0354 0.0415 -0.0392 0.0044 0.0319 0.0562* -0.0045
(0.0368) (0.0363) (0.0267) (0.0255) (0.033) (0.0364) (0.0295) (0.0291)
ATT (E2) 0.1115% 0.1009* -0.0565 -0.0427 0.0234 0.0431 -0.1459 0.0293
(0.0375) (0.0484) (0.1187) (0.0393) (0.0358) (0.1108) (0.1204) (0.0925)
ATT (HR) -0.2041 -0.2113 0.0038 -0.1438* -0.2069 0.0128
(0.148) (0.1571) (0.096) (0.0811) (0.0846) (0.1674) (0.0261)
Model Size Size Size Size FMP FMP FMP FMP
Quartile 1 2 3 4 1 2 3 4
Quartile range  [3697.46 - 8117.26)  [8117.26-12285.16)  [12285.16-24547.78)  [12285.16-748565.00]  [0-6445.74)  [6445.74-10385.55) [10385.55-21740.46) [21740.46-79147.85]
N (overall) 458 458 457 457 458 458 457 457
N (treated) 99 99 98 98 99 99 98 98
T 29 29 29 29 29 29 29 29
Cluster NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3
©) (10) (11) (12)
All EU15-NMS EU15-NMS NMS-NMS
Arel NTL Arel NTL Arel NTL A rel NTL
ATT (E8) -0.0201 0.017 0.0405 0.0314
(0.0458) (0.0245) (0.0301) (0.027)
ATT (E2) 0.0349 -0.0309* -0.0072 -0.0722
(0.052) (0.0098) (0.07) (0.0707)
ATT (HR) -0.2659* -0.0636 -0.0021
(0.1051) (0.1303) (0.0084)
Model Altitude Altitude Altitude Altitude
Quartile 1 2 3 4
Quartile range (3.3 - 131.58) [131.58-334.12) [334.12-683.43) [683.43-1760.09]
N (overall) 458 458 457 457
N (treated) 99 99 98 98
T 29 29 29 29
Cluster NUTS3 NUTS3 NUTS3 NUTS3
Note: Robust standard errors in parenth igni “*7.90% confid band does not cover 0. Table shows results for treated urban municipalities belonging to different

quartiles of size in terms of population (column (1) to column (4)), market potential (column (5) to column (8)) and elevation of the nearest border segment (column (9) to column
(12)), with the quartile descriptions provided in rows quartile and quartile range.
Quartiles have been defined on the whole sample, but used only to subset the treatment group to have the same comparable control group for evaluation of the impact.
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Table B5: Robustness checks.

(1) (2) 3) (4) (5) (6) (7) (8)
All EU15-NMS EU15-NMS NMS-NMS All EU15-NMS EU15-NMS NMS-NMS
Arel NTL Arel NTL Arel NTL Arel NTL Arel NTL Arel NTL Arel NTL Arel NTL

Panel A: Methodological changes

ATT (E8) 0.0297* 0.0431 -0.0692%* 0.0702* -0.0029 -0.02 -0.0061 0.0078*
(0.0147) (0.0286) (0.0325) (0.0168) (0.0066) (0.0139) (0.0079) (0.0045)
ATT (E2) -0.0177 -0.062 -0.0529 -0.0004 -0.0092 -0.0269* -0.0199* -0.0069
(0.0444) (0.0465) (0.0688) (0.0529) (0.0074) (0.0142) (0.011) (0.0077)
ATT (HR)  -0.2488* -0.2184%* -0.0195 -0.0195
(0.0843) (0.0755) (0.0128) (0.0128)
Model Matching Matching Matching Matching  Wooldridge Wooldridge Wooldridge Wooldridge
N (overall) 753 449 431 591 753 449 431 591
N (treated) 394 90 72 232 394 90 72 232
T 29 29 29 29 29 29 29 29
Cluster NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3
Panel B: Control group changes
ATT (E8) 0.0211 0.0431 -0.0806* 0.0507* 0.0269 0.0399 -0.0793* 0.0607*
(0.0161) (0.0272) (0.0198) (0.0166) (0.0182) (0.0273) (0.0238) (0.02)
ATT (E2) 0.0177 -0.0593 -0.0664 0.033 0.0177 -0.0503 -0.0709 0.0288
(0.0482) (0.0385) (0.0662) (0.0603) (0.0493) (0.0293) (0.0702) (0.0588)
ATT (HR) -0.1126 -0.1126 -0.1126 -0.11
(0.071) (0.0743) (0.0767) (0.0786)
Model Never-treated Never-treated Never-treated Never-treated Homogenous Homogenous Homogenous Homogenous
N (overall) 753 449 431 591 753 208 313 473
N (treated) 394 90 72 232 394 90 72 232
T 29 29 29 29 29 29 29 29
Cluster NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3
Panel C: Treatment group changes
ATT (E8) 0.0289 0.0166 -0.064* 0.0613*
(0.017) (0.0213) (0.0203) (0.0163)
ATT (E2) 0.0307 -0.0514 -0.0476 0.0435
(0.0322) (0.0388) (0.036) (0.0371)
ATT (HR) -0.0715 -0.0741
(0.0665) (0.0589)
Model Region Region Region Region
N (overall) 1078 515 473 811
N (treated) 731 159 117 455
T 29 29 29 29
Cluster NUTS3 NUTS3 NUTS3 NUTS3

Continued on next page
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Table B5 — continued from previous page
1 (2) 3) (4) () (6) (M (8)
All EU15-NMS EU15-NMS NMS-NMS All EU15-NMS EU15-NMS NMS-NMS

Arel NTL Arel NTL Arel NTL

Arel NTL Arel NTL Arel NTL Arel NTL Arel NTL

Panel D: Sample restrictions

ATT (ES8) 0.0241 0.0417 -0.089* 0.0541* 0.0268* 0.0423 -0.0797* 0.0559*
(0.0157) (0.0289) (0.02) (0.0166) (0.0161) (0.0284) (0.0215) (0.018)
ATT (E2) 0.0162 -0.0639 -0.071 0.0305 -0.06 -0.0672 0.0322
(0.0471) (0.0532) (0.0766) (0.0537) (0.0452) (0.0614) (0.061) (0.0626)
ATT (HR) -0.1099 -0.1099 -0.1185* -0.1185
(0.07) (0.0666) (0.0687) (0.0794)
Model Unbalanced Unbalanced Unbalanced Unbalanced No capitals No capitals No capitals No capitals
N (overall) 828 506 487 663 748 446 427 587
N (treated) 414 92 73 249 392 90 71 231
T 29 29 29 29 29 29 29 29
Cluster NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3
Panel E: Alternative NTL
ATT (E8) 0.027 0.0385 -0.0786* 0.0588* 0.0377* 0.0229 -0.0592* 0.0789*
(0.0164) (0.0273) (0.0205) (0.0166) (0.0161) (0.0274) (0.0227) (0.0163)
ATT (E2) 0.0213 -0.0556 -0.0628 0.0366 0.027 -0.0793 -0.0704 0.0456
(0.0457) (0.0464) (0.0627) (0.0614) (0.0501) (0.088) (0.0825) (0.0584)
ATT (HR) -0.1139 -0.1139 -0.1328%* -0.1328
(0.0751) (0.0769) (0.0654) (0.0688)
Model Index Index Index Index Weighted Weighted Weighted Weighted
N (overall) 753 449 431 591 753 449 431 591
N (treated) 394 90 72 232 394 90 72 232
T 29 29 29 29 29 29 29 29
Cluster NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3 NUTS3
ATT (E8) 0.0298 0.0402 -0.0833* 0.0608*
(0.0172) (0.0276) (0.0199) (0.0174)
ATT (E2) 0.0225 -0.0568 -0.0696 0.039
(0.051) (0.044) (0.095) (0.0623)
ATT (HR) -0.1327 -0.1327
(0.0955) (0.0963)
Model Until 2013 Until 2013 Until 2013  Until 2013
N (overall) 753 449 431 591
N (treated) 394 90 72 232
T 21 21 21 21
Cluster NUTS3 NUTS3 NUTS3 NUTS3
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Note: Clustered standard errors in parentheses. Significance: ‘*’ 90% confidence band does not cover 0. The results of
a general model are presented in columns (1) and (5). The next columns correspond to subdivisions of the treatment
group: urban municipalities located near EU15-NMS borders on the EU15 side ((2), (6)) or NMS side ((3), (7)) or near
the borders between two NMS countries ((4), (8)). Matching denotes using matching with covariates within the Callaway
and Sant’Anna (2021) estimator, Wooldridge is the use of the Wooldridge (2021) estimator, never-treated is the control
group restriction to never-terated observations, Homogenous is the control group restriction to observations from the
same country, Region is the change of the treatment group to border region, Unbalanced is the change of specification to
unbalanced panel, no cpaitals excludes capital cities, and index, weighted and until 2013 denote various alternatives of

relative NTL used.
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Figure B4: Dynamics of the matching results.
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Note: Figures show the dynamics of the impact for urban municipalities in the respective
cohorts. The pre-treatment values on this figure correspond to the ATTs (what would
have been the effect of participating in the treatment if that given year were a year with
treatment participation). Urban municipalities in the treatment group are located within
25 kilometers of borders part of the 2004, 2007 and 2013 enlargements (Figure B4a). In the
other subfigures the treatment group is made up of urban municipalities located in EU15
near borders with NMS (Figure B4b), in NMS near borders with EU15 (Figure B4c), in
NMS near borders with other NMS (Figure B4d), respectively. Control group is made up
of urban municipalities located between 50 and 100 kilometers from the border for all
cases.
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Figure B5: Share of capital cities on national NTL.
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Note: The figure shows the development of the share on the national NTL for all urban
municipalities in the sample, with capital cities in blue. In the case of the pre-1989 division
of Germany, Bonn is marked as the capital city for Federal Republic of Germany (DE) and
Berlin for the German Democratic Republic (DD).
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Chapter 3

Growing in the Desert: A Comparative
Analysis of Firms Located in Border Regions

of the 2004 Enlargement

3.1 Introduction

Border areas are akin to deserts in terms of economic landscape. That is how Losch
(1944) described the disadvantage economic agents face, when located in the border
areas. His conclusion relies on the assumption that a firm chooses its location to best
serve its demand subject to profit maximization. If a border is part of the area a
firm supplies, transaction costs may arise when it wants to supply goods or services
on the other side of the border. Consequently, the firm might rather decide to settle
in the hinterland, where the entire market area lies within a single country. That
would lead to border areas being mainly populated by smaller firms, which require
smaller markets. As such, the lack of economies of scale makes it less profitable for
firms to locate close to borders. In other words, borders create spatial disequilibria
(Van Houtum, 2000). As such, eliminating borders by economic liberalization can

increase the potential of firms in border areas.

One example of such an event is the 2004 enlargement of the European Union (EU).
The old and new EU member states (henceforth referred to as the EU15 and the

NMS, respectively) were separated for the duration of the Cold War by borders that



98 Chapter 3. Comparative Analysis of Border Firms

were almost impermeable.! With the dissolution of the Eastern Bloc, several formerly
communist countries started their path towards joining the EU, with the first 8 coun-
tries being integrated in 2004. To access this new market, the NMS had to implement
fundamental reforms so as to meet the democratic and free-market principles of the
EU. Additionally, the pre-accession period was marked by trade liberalization with
the EU15 countries as well as among the NMS themselves, within the scope of the
so-called Furope Agreements and Central and Baltic European Trade Agreements, re-
spectively (Baldwin and Wyplosz, 2022). Integrating the EU meant gaining access to
the largest single market and benefiting from the free movement of goods, labor, and
capital. Joining the Schengen area in 2008, furthermore, resulted in an extension of

the free movement of persons for the new member states (NMS).

The removal of barriers posed by borders has the potential to fundamentally alter
the nature of border regions, making them more attractive for both existing and
new firms. Although joining the EU single market eliminated customs between the
acceding countries and the EU15, as well as among the acceding countries themselves,
the benefits for firms extend beyond this aspect. Already during the pre-accession
period, candidate countries are required to adapt the acquis communautaire—the
body of existing EU laws—so that they are institutionally and legally prepared to
join the EU (Baldwin and Wyplosz, 2022). This harmonization reduces institutional
barriers between countries. Together with the removal of barriers to the free movement
of goods, services, capital, and persons, this fosters an increase in cross-border trade
and economic integration. Border areas, being at the forefront of this exchange, can
thus become attractive to economic agents, including firms, serving as springboards

into new markets.

Yet EU integration does not eliminate all barriers. Capello et al. (2018) categorize

these into institutional (different degrees of EU integration or lack of cross-border

IThe NMS that joined the EU in 2004 are Estonia, Latvia, Lithuania, Poland, Czechia, Slovakia,
Hungary and Slovenia along with Malta and Cyprus. We omit the last two countries from the
analysis due to their nature of being island countries. As EU15 countries we have in the scope of
this analysis Austria, Italy and Germany.
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cooperation), physical (such as rivers or mountains), and socio-cultural (including
trust, language, and legal differences). The persistence of these barriers may restrict

the attractiveness of border areas for firms.

In this way, the enlargements of the EU and the Schengen Area should, at least in
theory, make border regions less desert-like. In this paper we use data from the Orbis
database to analyze the performance of firms in border areas that were affected by the
2004 enlargement. We define border firms as those located in municipalities within
25 kilometers of countries’ borders. We allow for heterogeneous effects depending on
border’s location. First, we consider the effect on firms located in the EU15 border
regions affected by the enlargement. Second, we consider the NMS perspective and
allow the effect of firms in the borders to vary depending on whether they are close
to an EU15 border, another NMS border, or contiguous to an exterior (after the

enlargement) border as they could be subject to trade diversion.

As the time frame of our data, from 1998 until 2021, also captures the pre-accession
anticipation effects, we cannot assess causal effects of EU enlargement, but rather
compare the performance of firms near the affected borders. In other words, we com-
pare the level and growth of their profitability to firms located in municipalities in
the hinterland. Profitability, as a measure of efficiency, can indicate whether firms

are able to fully exploit the opportunities offered by larger markets.

We use earnings before interest, taxes, depreciation, and amortization (EBITDA)
per employee as our main dependent variable, as it captures firm-level productivity
while being less affected by financial structures or cross-country tax differences. For
robustness, we also consider EBITDA per asset, which reflects capital productivity
without distortions from interest, taxes, or accounting rules. Compared to alternatives
such as return on assets or turnover growth, these measures better capture firms’
operating performance. This allows us to assess whether the border effects we identify

pertain to labor or capital productivity.

In areas with EU integration and cross-border cooperation, market access expands and
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transaction costs decrease, enabling firms to operate more efficiently and potentially
achieve higher EBITDA per employee. Conversely, lower levels of profitability may
signal the persistence of transaction costs at the border, even after formal barriers

have been removed.

The aim of our analysis is to see whether firms located in internalized border areas
of the 2004 enlargement can benefit from the increase in market potential. Assum-
ing border areas are peripheral within their own countries, they provide firms with
lower production costs and improved market access that can act as a springboard
for exports. Yet, agglomeration effects associated with more densely populated areas
may dissuade companies from moving to border areas. Furthermore, despite the new
economic integration, impediments persist in the EU that hamper the development
of border areas. Firstly, some borders are shaped by the natural topography, such as
mountains or rivers, which may stipulate further transactions on trade (Capello et al.,
2018). Secondly, institutional barriers between countries, such as differences in laws
and administrative procedures, remain important. This is also connected to socio-
cultural differences such as languages and perceived trust (Camagni et al., 2020).
Lastly, the border areas in the proximity of external borders could be affected by

trade diversion.

Our results indicate lower growth in profitability for firms located in border areas
between an NMS country an EU15 country. Examining aggregate sectors, we observe
contrasting trends. Firms in the construction sector in NMS near borders with EU15
countries experience profitability growth. Alongside construction, firms in production
and services at the same borders also exhibit higher profitability, whereas firms in
the agriculture sector show a decline. Furthermore, firms in NMS near borders with

non-EU countries generally show lower level of profitability in production sectors.

Firm size also plays a significant role. Among firms in NMS, small firms near bor-
ders with other NMS or EU15 countries have higher level of profitability. The level

of profitability declines with firm size. Similar development can be observed at the
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external borders of the NMS.

Our paper mainly contributes to the literature on the impact of European economic
integration on border areas. Most of the analyses on this topic concentrate on the
effect on the regional or municipal level using the differences-in-differences approach
to compare the development of the border areas to the ones located further away
(Brakman et al., 2012; Wassmann, 2016; Mitze and Breidenbach, 2018; Heider, 2019;
Briilhart et al., 2019; Kapanadze, 2021; Coufalova et al., 2024; Mitze and Breiden-
bach, 2024). The literature mostly finds a positive impact of EU enlargement on the
border areas, but also stresses the importance of the market potential on the other
side of the border as a key determinant. Mitze and Breidenbach (2024) highlight
also the role of structural, temporal and spatial heterogeneities between the differ-
ent KU enlargements that took place from 1986 until 2007. Other papers use data
on multinational firms (Merlevede and Purice, 2019) and foreign direct investments
(FDI) (Serwicka et al., 2024) to show the importance of EU economic integration for
productivity increases through backward linkages and increases in FDI. Our paper
is closely related to the literature examining the performance or establishment of
firms located in border areas on a granular level. Mainly, Fantechi and Fratesi (2023)
compare firms located in Italian border areas to the ones located further away. Their
results show that firms located immediately close to a border face a disadvantage
mainly in the production sectors. Besides, for firms located in the administrative bor-
der region but further away from the border, a negative impact is observed across
multiple sectors, although a reduction of the border penalty appears. Focusing on
the services sector, Braakmann and Vogel (2010) find a positive effect shortly after
the 2004 enlargement for the performance of small German firms near the Polish
border. Similarly, Kapanadze (2022) and Coufalova et al. (2024) show that the 2004
enlargement led to the creation of new firms in consumption sectors in cross-border
cities. These results suggest that consumption sectors, such as wholesale and trade,
accommodation and food, and health services, can attract more customers with the

opening of borders. Customers may take advantage of differences between countries,
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such as pricing disparities, differing healthcare standards, or cultural attractions.

3.2 Data and methodology

To compare the development of firms located in border areas with the ones in the
hinterland, we use historical data from the Orbis database. The Orbis global database
is constructed and maintained by Bureau van Dijk (BvD). It mainly includes financial
variables for firms based on their financial statements, income statements, and balance
sheets. BvD collects the data from different government and commercial providers and
harmonizes them to make international comparisons possible. Besides, the dataset
also provides information on the legal information of firms, their location, and the
industry to which they belong (Kalemli-Ozcan et al., 2024). The dataset covers the
period from 1998 to 2021. For the analysis, we restrict the sample to the countries
that joined the European Union during the 2004 Eastern enlargement, as well as their

neighboring established member states.

The data is compiled by BvD for each unit of a firm and is assigned a unique ID.
Additionally, BvD categorizes the units based on the type of financial statements using
a consolidation code. In this work, we focus on standalone firms. As such, we select
entities which report unconsolidated accounts only (Ul in the BvD categorization).
We also exclude companies whose legal form states that they are either a branch
of another company or part of a multinational group. Lastly, we restrict the sample
to active companies only. While this may introduce survivor bias, including inactive

firms could distort results through repeated or outdated firm entries.?

To construct our sample, we follow the recommendations by Kalemli-Ozcan et al.
(2024). We drop individual observations of firms with not available data for employ-
ment and total assets. Moreover, we remove firms which record a negative or zero
value for employment, total assets, total tangible assets, and those with negative

sales.

2We mad e these sample restrictions to discard multiple location firms to avoid making decision
about the distribution of the performance across locations.
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We use the information on firms’ postal codes to classify them as located in the prox-
imity of a border or further away.? The next step consists of assigning the postcodes
to LAU level municipalities. We then use the spatial data on municipalities to calcu-
late distances to the nearest border point and assign the firms to border categories

that we in the empirical analysis.*

The primary objective of our analysis is to compare the long-term performance of
firms located near borders with those in the hinterland. Our focus is on observed dif-
ferences rather than causal effects. The observation period begins in 1998, when the
acceding countries were already preparing for EU membership. During this period,
countries implemented reforms to meet the Copenhagen criteria and liberalized trade
through bilateral agreements with EU15 members and regional arrangements such
as the Baltic Free Trade Area and the Central European Free Trade Agreement. As
documented by Briilhart et al. (2018), Campos et al. (2019), and Coufalova et al.
(2024), economic activity in border regions had already started to change prior to
formal accession. Chapter 2 also highlights anticipation effects in the lead-up to the
2004 enlargement. Accordingly, this paper does not claim to estimate causal effects
of EU accession. Rather, we describe and compare the evolution of firm performance
between border and hinterland areas.” The number of observations prior to the en-
largement (Figure 3.1) is limited, and the increasing number of firms in later years
mainly reflects improvements in Bureau van Dijk’s data collection rather than new

firm formation.b

It is important to note that all firms in the sample have been affected by the enlarge-
ment: firms located in border areas close to the borders of the 2004 enlargement could

profit from becoming a springboard to a new market, while those located close to the

3The postal code is the most precise geographical location provided by the Orbis dataset for firms.

4All the files on spatial locations stem from the GISCO database downloaded with the giscoR package
(Lahti et al., 2017).

5This contrasts with the nighttime lights (NTL) data used in Chapter 2, which cover a longer period
but require aggregation at the municipality level. The firm-level data provide greater detail on firm
characteristics but are limited in early years, restricting the analysis to descriptive comparisons.

6Firms appearing for the first time in the sample during the first five years have an average age of
around 31 years, compared to 17 years for firms entering in the last two years.
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Figure 3.1: Number of observations per year.

Note: The figure shows the number of observation in the data in a given year in log
terms.
external borders can suffer from trade diversion. Besides, the enlargement could also
have strengthened the agglomeration effects in the hinterland of the 2004 cohort.
Comparing border firms with those located in another country could be problematic

due to their potential dissimilarity and because they could lead to a selection bias.

Fantechi and Fratesi (2022) present three possible variables for measuring firm perfor-
mance. While two of them — value added per employee and total factor productivity
— capture productivity, the third—FEarnings Before Interest, Taxes, Depreciation,
and Amortization (EBITDA) — captures profitability. Unfortunately, for productiv-
ity variables, our dataset contains mainly missing data. Yet, we are able to evaluate
the performance of firms in terms of profitability by relying on the EBITDA per em-
ployee. To compare both the statics and dynamics of firm performance between border
areas and the hinterland, we use the growth rates as well as the levels of EBITDA
per employee.” To account for missing data in the construction of the growth rate,

we divide the growth rates by the number of years that separates them to obtain a

7As a robustness check, we use EBITDA per asset of the company.
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Figure 3.2: Firm locations in treatment groups and control group.

* Interior EU15 + EU15-NMS * NMS-NMS
* Interior NMS + NMS-EU15 * NMS-EXT

Note: The figure shows the LAU municipalities, in which the firms in the sample are
located, divided into comparison and study groups. EU15-NMS denotes firms located in
EU15 countries within 25 kilometers of borders with new member states, while NMS-
EU15, NMS-NMS and NMS-EXT are firms located in new members states within 25
kilometers of borders with EU15, other new member states and non-EU countries respec-
tively. Interior EU15 and interior NMS represent the firms from 50 to 100 kilometers from
the borders of the 2004 enlargement or EU exterior borders located in EU15 and NMS
respectively.

yearly growth rate. For the level of EBITDA per employee, we rely on the hyperbolic

arcsine transformation to account for possible negative values (due to loss report for

instance) while reducing the asymmetry in the variable (Burbidge et al., 1988).

Border firms are defined as being located within 25 kilometers of the borders. We
differentiate here, whether the firm is located in an established EU member state
or in a NMS close to the border with a EU15 country or another country of the
2004 cohort. Additionally, we also consider the enlargement effect for firms within
25 kilometers from external borders of the EU. The hinterlands, composed of firms
in municipalities located between 50 to 100 kilometers from any border, are shown

in Figure 3.2.8 To avoid spillovers between the hinterlands and border regions, we

8Notice that in comparison to Figure 2.2 we have more observations, especially in the Baltic countries.



106 Chapter 3. Comparative Analysis of Border Firms

consider a buffer of 25 km. Similarly, we consider a 25-kilometer buffer between the
groups of borders that became internal EU borders during the 2004 enlargement and
the external borders of the EU, as well as between the previous EU enlargements and

the 2004 enlargement borders.

We employ a standard OLS model to compare the performance of firms across different
border areas while controlling for firm- and location-specific characteristics. The aim
is to describe differences in performance between firms located near borders and those

in the hinterland, without implying causal effects of EU accession.

Border proximity may affect firm performance due to differences in market access,
transaction costs, or regional integration, consistent with new economic geography
and spatial economics theory (Losch, 1944; Krugman, 1991; Capello et al., 2018;
Fantechi and Fratesi, 2023). We include firm-level controls such as age, size, and
sector, which influence productivity and growth dynamics according to the literature
on firm heterogeneity (Haltiwanger et al., 2011; Altomonte et al., 2016). Location-
specific characteristics are also included, since local conditions and infrastructure can
affect firm performance independently of borders, and firms may strategically select

locations to maximize their operational efficiency.

Our regression thus takes the following form for a firm i in municipality m at time ¢:

Yimt = a + B1 EU15 _NMS,, + B2 NMS EU15,,
+ B3 NMS NMS,, + B+ NMS EXT,,
+ Y1 ageis + y2 nace_group; + y3 size__category;;_q1+ (3.1)
+ 01 density 1995, 4 6, border _elev,, + 63 fmp_1995,,

+9t+Pr+€it

where the dependent variables we consider are the growth and level of profit per
employee (EBITDA per employee), with robustness checks using profit per asset

(EBITDA per asset). The reason being that with taxes, interest rates, depreciation
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Table 3.1: Descriptive statistics by treatment and control group.

control__EU15 EU15-NMS control__NMS NMS-EU15 NMS-EXT NMS-NMS
Panel A: Number of Observations
N 31108 25651 264672 78838 15165 117949
Panel B: Outcome variables (mean [Conf. Int.])
A profit__empl -0.03 -0.06 -0.06 -0.05 -0.07 -0.05
[-0.04;-0.03]  [-0.06;-0.05]  [-0.06;-0.06]  [-0.05;-0.05]  [-0.08;-0.07]  [-0.05;-0.05 ]
profit__empl 10.01 9.73 8.48 9.33 8.22 8.85
[9.97;10.04 ] [9.68; 9.77 | [ 8.47; 8.50 | [9.31;9.36 | [ 8.15; 8.30 ] [8.83;8.87 ]
Panel C: Firm and location characteristics (mean [Conf. Int.])
border_elev (in m) 258.16 488.76 246.73 555.66 120.58 364.31
[254.92; 261.30]  [483.69; 493.83]  [245.72; 247.73]  [551.87; 559.44]  [118.65; 122.51]  [362.45; 366.16)
age (in years) 27.91 29.18 20.51 20.38 20.55 20.72
[27.74; 28.08] [28.97; 29.38] [20.48; 20.55] [20.32; 20.44] [20.39; 20.71] [20.67; 20.77]
for_potential 1607.49 16774.21 2477.83 30142.76 6294.48 26715.93
[1578.43; 1636.55] [16685.87; 16862.54] [2463.40; 2492.26] [30032.72; 30252.80] [6173.20; 6415.76] [26575.43; 26856.43]
density 1995 3.83 10.43 8.79 11.52 2.97 4.56
3.79; 3.87] [10.31; 10.55] [8.76; 8.83] [11.39; 11.66) [2.9; 3.05) [4.53; 4.58]
Panel D: Firm Size (%)
Small 24.32 31.63 49.54 51.72 61.01 46.68
Medium 54.61 52.81 37.00 36.76 33.45 40.63
Large 18.85 13.86 12.02 10.47 5.43 11.55
Very Large 2.21 1.70 1.45 1.05 0.11 1.14
Panel E: NACE Group (%)
Agriculture 1.87 1.76 6.07 3.33 12.30 7.62
Production 41.30 27.94 20.00 24.47 20.08 25.87
Construction 9.02 9.48 7.92 8.93 7.34 8.66
Services 47.80 60.82 66.02 63.27 60.28 57.85

Note: Table shows the descriptive statistics of the dependent and independent variables by treatment and control
group. EU15-NMS denotes firms located in EU15 countries within 25 kilometers of borders with new member states,
while NMS-EU15, NMS-NMS and NMS-EXT are firms located in new members states within 25 kilometers of borders
with EU15, other new member states and non-EU countries respectively. contr_ EU15 and control NMS represent the
control groups for EU15 and NMS, respectively. The number of observations refers to the overall number of observations
over 21 years, not the cross-sectional number. Agriculture corresponds to NACE A sector; production sectors comprise
NACE sectors B, C, D and E; construction corresponds to NACE F sector and services are NACE G, H, I, J, K, L,
M, N, O, P, Q, R, S and T sectors. Very large companies are those with an operating revenue above 100 million EUR,
total assets above 200 million EUR and at least 1000 employees. Large companies have an operating revenue between
10 and 100 million EUR, total assets between 20 and 200 million EUR and a number of employees between 150 and
1000. Medium sized companies have an operating revenue between 1 and 10 million EUR, total assets between 2 and 20
million EUR and a number of employees between 15 and 150. The rest of the companies are classified as small firms.

rates and amortization not yet being subtracted from the profits, the variable pertains

homogeneity of measurement between countries.

We are primarily interested in the B coefficients of (3.1) that show the differences
between the firms located in borderlands to the ones in the hinterland. We dif-
ferentiate whether the company is located in an EU15 country (EU15_NMS) or
NMS (NMS_EU15) in the proximity of the border between established and acced-
ing member states, or if it is located in a NMS close to a border with another NMS
(NMS_NMS). The last group (NMS__EXT) represents entities located in NMS near
the external borders of the EU. Note that a negative or an insignificant effect does
not mean that border firms perform poorly, rather just that they perform worse or

same as the firms located in the interior of the countries observed.
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It is important to control for factors that might confound the border effects. To do
so, we introduce several firm-levels control variables. Firms’ performance might first
be determined by their age with younger firms being more dynamic and innovative,
while older being more robust (Fantechi and Fratesi, 2022). To address this issue, we
compute the age of the firm as the difference between the last year in our sample
(2021) and the year the firm was registered in (age;;). Performance may also depend
on firm’s size. Smaller firms can be more dynamic, but also less stable as they have
a higher pace of job creation and destruction at the same time (Haltiwanger et al.,
2011). While being less dynamic, larger firms tend to be better established in the
region and exhibit a great influence on the economic development of a region (Al-
tomonte et al., 2016). To account for this, we compute the BvD categories based on
the BvD manual: small, medium, large and very large companies.” Due to possible
simultaneity issues, we include the first lag of the company size category in the model
(size_categoryij;—1). Furthermore, we control for the sector activity, defined as follows:

agriculture, production sectors, construction and services (nace_group).lo

The location of a firm may not be random. More productive firms tend to be in more
densely populated areas (Oberfield et al., 2024). Hence, we add a variable for the
population density in the municipality of the firm. Population data for municipalities
in the EU for multiple countries is not available for each year. We opt for the data
from 1995, before the beginning of our period study. Not only the local economic
conditions are important, but also the foreign market potential a firm has on the
other side of the border. As documented by Redding and Sturm (2008); Ahlfeldt et al.
(2015); Coufalova et al. (2024) higher demand on the other side of the border can be

an attraction for firms. To approximate the foreign market potential (fmp_1995,,)

9Very large companies are those with an operating revenue above 100 million EUR, total assets above
200 million EUR and at least 1000 employees. Large companies have an operating revenue between
10 and 100 million EUR, total assets between 20 and 200 million EUR and a number of employees
between 150 and 1000. Medium sized companies have an operating revenue between 1 and 10 million
EUR, total assets between 2 and 20 million EUR and a number of employees between 15 and 150.
The rest of the companies are classified as small firms (van Dijk, 2011).
10 Agriculture corresponds to NACE A sector; production sectors comprise NACE sectors B, C
and E; construction corresponds to NACE F sector and services are NACE G, H, [, J, K, L, M,
O, P, Q, R, S and T sectors.
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without introducing simultaneity, we calculate it as the sum of the population living

outside the country of the municipality in which the firm is located and within 100

kilometers of that municipality (P;1995), discounted by distance (dm]'):11

P; 1995

fmp_1995,, = Y 1d,j < 100) e
mj

JEF (m)

(3.2)

Topology can also impact the decision of a firm’s location, as overcoming barriers
stemming from physical geography can impose further costs. If a border is formed by
a geographical barrier, such as a river or mountain, the available crossings for firms
on both sides are more limited, which increases the costs of reaching the other side
of the border (Capello et al., 2018). To control for that, we use data to calculate the
average elevation of the nearest border point to the municipality a firm is located in
using the data from ESA (2018). The variable is denoted as border border elev,, in

(3.1).

Since firms’ locations are time-invariant, we cannot include firm fixed effects. Instead,

we estimate the model with NUTS3 fixed effects and year fixed effects (last row of

(3.1))

In Table 3.1, we present the descriptive statistics of the dependent variables by con-
trol and treatment groups. The table shows several significant differences between
the groups. Notably, the level of profit per employee is higher in the EU15 countries
than the NMS. Because of this, we split the firms in the interior into two groups and
conduct separate regressions for EU15 and NMS countries. This approach is justified
by the differing starting points and institutional environments of the firms. EU15
countries were established market-oriented economies, whereas NMS were in transi-
tion to market economies at the beginning of our observation period. Comparing firms

in the border areas of the EU15 to those in the hinterland of NMS could potentially

' Note that the foreign market potential may be underestimated for firms located near some of the
EU’s external borders, as GISCO does not provide standardized shapefiles for Ukraine, Russia, and
Belarus. We plan to explore alternative data sources to address this limitation.



110 Chapter 3. Comparative Analysis of Border Firms

lead to an upward bias in the results. We can further observe in Table 3.1 that, while
border firms in EU15 countries near NMS borders have lower profits per employee
than interior firms, in the NMS it is the firms near EU15 borders that exhibit the
highest profitability. All firms appear to experience a decline in profitability, with
the largest drop observed for NMS firms near the EU’s external border. These firms

may be particularly affected by trade redirection.

When examining the independent variables in Table 3.1, we observe that firms in
the EU15 tend to be older, reflecting their longer experience with a market economy.
There are also notable differences in the distribution of firms by size. Within the
EU15, border areas contain a higher proportion of small firms than interior regions.
The share of small firms is even higher in the NMS, peaking at the EU’s external
borders. Furthermore, there are clear differences in sectoral composition. In particular,
production firms are more prevalent in EU15 regions bordering the NMS, whereas
agricultural firms are more common near borders between NMS themselves and at

the EU’s external borders.

3.3 Results

Table 3.2 displays the baseline results. When examining performance through the
lens of profitability, we do not find major differences between firms located in the
proximity of of the border and the ones located in the hinterland in EU15. On the
contrary, the results for the firms in NMS close to the enlargement borders with EU15
countries indicate a decline in profitability. A possible explanation is an increase in
competition as consequence of the opening of the borders. A negative or insignificant
coefficient here should not be understood as evidence of poor performance among
border firms, but simply that their performance does not surpass—or differs little

from—that of firms located further inland. 2

12We plan to control for the number of competitors. It could be also possible to have the treatment
group split into quartiles based on the quartiles of the number of competitors and investigate the
differences to see if it plays a role.
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Table 3.2: Baseline results

(1) @) 3) @)
Aprofit_empl profit_empl Aprofit_empl profit_empl

EU15-NMS -0.028 0.479
(0.034) (0.303)
NMS-EU15 -0.007+ 0.016
(0.003) (0.115)
NMS-NMS -0.003 0.007
(0.003) (0.071)
NMS-EXT 0.003 0.051
(0.004) (0.054)
Sample EU15 EU15 NMS NMS
N 60532 60532 505641 505641
R2 0.047 0.028 0.032 0.082
R2 Adj. 0.045 0.027 0.032 0.081
RMSE 0.33 3.38 0.36 4.74
Firm level controls Yes Yes Yes Yes
Cluster NUTS3 NUTS3 NUTS3 NUTS3
NUTS3 FEs X X X X
Yearly FEs X X X X

Note: The impact of firm location on growth and profitability (EBITDA per employee).
Significance levels: + p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001. Clustered standard
errors in parenthesis. EU15-NMS denotes firms located in EU15 countries within 25 kilometers
of borders with new member states, while NMS-EU15, NMS-NMS and NMS-EXT are firms
located in new members states within 25 kilometers of borders with EU15, other new member
states and non-EU countries respectively. Comparison group contains firms located 50-100

kilometers from treated borders.

These first homogeneous results may however hide some heterogeneity that we will
now study. To do so, we first interact the groups of border areas with the aggregated
main NACE sector of firms. We present these results in Table 3.3. The growth of firms
in the construction sector in border areas of NMS near EU15 countries may reflect
increased construction activity driven by a broader boost in economic activity in
these regions. Another contributing factor is likely the inflow of European Structural
and Investment Funds supporting infrastructure development in these border areas.
Similarly, production and services firm have a higher level of profit per employee in the
NMS near borders with EU15. At the same time, firms operating in the agriculture
sector in the same regions exhibit a lower level of profitability. In contrast, production

sectors firms near external borders of the NMS have a lower level of profitability.

We interact also the border groups with the lag of the company size categories. Our
results in Table 3.4 indicate that, in EU15 countries, there is not much difference
between the different sizes of companies. In contrast, in the NMS, small firms near

borders with EU15 countries exhibit higher profitability. Profit per employee tends
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Table 3.3: Results by sector.

) @) @) )
Aprofit_empl profit_empl Aprofit_empl profit_empl
EU15-NMS*Aggriculture -0.059 -0.726
(0.047) (2.059)
EU15-NMS*Construction 0.025 1.101
(0.030) (1.979)
EU15-NMS*Production 0.026 1.312
(0.029) (2.024)
EU15-NMS*Services 0.039 1.179
(0.029) (1.970)
NMS-EU15*Aggriculture -0.008 -0.500+
(0.006) (0.256)
NMS-EU15*Construction 0.020** 0.834**
(0.007) (0.283)
NMS-EU15*Production 0.008 0.638*
(0.007) (0.290)
NMS-EU15*Services -0.005 0.502+
(0.007) (0.294)
NMS-NMS*Aggriculture 0.005 -0.023
(0.006) (0.252)
NMS-NMS*Construction -0.006 0.067
(0.008) (0.300)
NMS-NMS*Production -0.011 -0.039
(0.007) (0.252)
NMS-NMS*Services -0.008 0.059
(0.006) (0.272)
NMS-EXT*Aggriculture 0.013 0.859
(0.008) (0.534)
NMS-EXT*Construction -0.021 -0.589
(0.021) (0.466)
NMS-EXT*Production -0.016 -1.102+
(0.011) (0.632)
NMS-EXT*Services -0.009 -0.925
(0.012) (0.639)
Sample EU15 EU15 NMS NMS
N 60532 60532 505641 505641
R2 0.047 0.029 0.032 0.082
R2 Adj. 0.045 0.027 0.032 0.082
RMSE 0.33 3.38 0.36 4.74
Firm level controls Yes Yes Yes Yes
Cluster NUTS3 NUTS3 NUTS3 NUTS3
NUTS3 FEs X X X X
Yearly FEs X X X X

Note: The impact of firm location on growth and profitability (EBITDA per employee). Significance
levels: + p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001. Clustered standard errors in parenthesis.
EU15-NMS denotes firms located in EU15 countries within 25 kilometers of borders with new member
states, while NMS-EU15, NMS-NMS and NMS-EXT are firms located in new members states within
25 kilometers of borders with EU15, other new member states and non-EU countries respectively.
Comparison group contains firms located 50-100 kilometers from treated borders. Agriculture corre-
sponds to NACE A sector; production sectors comprise NACE sectors B, C, D and E; construction
corresponds to NACE F sector and services are NACE G, H, I, J, K, L, M, N, O, P, Q, R, Sand T
sectors.

to decline with firm size relative to internal regions. This pattern may suggest that,
despite integration, border areas between NMS and EU15 remain less attractive for
larger companies, possibly due to the advantages of economies of scale and urban-
ization available in the hinterland. A similar patter emerges in the proximity of the

borders between NMS and non-EU countries.
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Table 3.4: Results by company size.

) 2 3) (4)
Aprofit_empl profit _empl Aprofit _empl profit empl

EU15-NMS*Small -0.028 0.441
(0.035) (0.327)
EU15-NMS*Medium 0.003 -0.149
(0.004) (0.122)
EU15-NMS*Large -0.004 0.179
(0.007) (0.185)
EU15-NMS*Very Large 0.017 -0.020
(0.018) (0.362)
NMS-EU15*Small -0.003 0.459*
(0.004) (0.222)
NMS-EU15*Medium -0.008* -0.720%*
(0.004) (0.254)
NMS-EU15*Large -0.006 -0.997**
(0.007) (0.360)
NMS-EU15*Very Large -0.002 -1.546%**
(0.013) (0.431)
NMS-NMS*Small 0.000 0.235
(0.003) (0.155)
NMS-NMS*Medium -0.007* -0.467+
(0.003) (0.257)
NMS-NMS*Large -0.009* -0.543
(0.004) (0.387)
NMS-NMS*Very Large -0.011 -0.318
(0.010) (0.491)
NMS-EXT*Small 0.007 0.304*
(0.005) (0.124)
NMS-EXT*Medium -0.012 -0.657*
(0.007) (0.277)
NMS-EXT*Large -0.017 -0.767*
(0.016) (0.360)
NMS-EXT*Very Large 0.073 -2.796
(0.092) (3.061)
Sample EU15 EU15 NMS NMS
N 60532 60532 505641 505641
R2 0.047 0.028 0.032 0.083
R2 Adj. 0.045 0.027 0.032 0.082
RMSE 0.33 3.38 0.36 4.74
Cluster NUTS3 NUTS3 NUTS3 NUTS3
Firm level controls Yes Yes Yes Yes
NUTS3 FEs X X X X
Yearly FEs X X X X

Note: The impact of firm location on growth and profitability (EBITDA per employee). Significance
levels: + p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001. Clustered standard errors in parenthesis.
EU15-NMS denotes firms located in EU15 countries within 25 kilometers of borders with new member
states, while NMS-EU15, NMS-NMS and NMS-EXT are firms located in new members states within
25 kilometers of borders with EU15, other new member states and non-EU countries respectively.
The comparison group contains firms located 50-100 kilometers from treated borders. Very large
companies are those with an operating revenue above 100 million EUR, total assets above 200 million
EUR and at least 1000 employees. Large companies have an operating revenue between 10 and 100
million EUR, total assets between 20 and 200 million EUR and a number of employees between 150
and 1000. Medium sized companies have an operating revenue between 1 and 10 million EUR, total
assets between 2 and 20 million EUR and a number of employees between 15 and 150. The rest of
the companies are classified as small firms

3.4 Robustness checks

In Table C1, we interact individual sectors with the border groups rather than using
the broader sector aggregates. Again, we do not observe any significant differences

across sectors between firms located near borders between the EU15 and the NMS
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and those in the EU15 interior. In the border areas of the NMS, however, firms in the
construction sector near borders with the EU15 show both higher levels and stronger
growth of profitability. Particularly noteworthy is the higher profitability of firms in
the financial sector near EU15 borders, contrasted with the lower profitability of firms
in the retail sector near external NMS borders. The former may reflect cross-border
financial integration and greater demand for financial services driven by investment
inflows, while the latter could be linked to lower purchasing power, trade barriers,
and the prevalence of informal trade in these areas. Moreover, retail firms located

close to borders between two NMS also exhibit a lower growth rate of profitability.

In Table C2, Table C3, and Table C4, we replace profit per employee with profit per
asset as an alternative measure of profitability. This change results in somewhat less
significant estimates. Nevertheless, several previous patterns remain robust, especially
when we interact the treatment groups with the lag of the firm size categories. That
is, smaller firms in the NMS located near borders with the EU15 exhibit higher levels
of profits per asset, with the effect declining as firm size increases. On the contrary,
the results differ when we interact the border groups with the groups of sectors. In
the case of profit per asset, we observe significant results for the NMS-NMS borders

(negative for agriculture and positive for other sectors).

3.5 Conclusion

In this paper, we compare the profitability, measured as EBITDA per employee,
of firms located in the proximity of borders that were internalized in the course
of the 2004 EU enlargement. In other words, we analyze whether the border effect
penalizes firms located in these areas. A general comparison shows that firms located
in NMS close to borders with other EU15 or other NMS are experiencing a decline in
profitability, when compared to the firms in the interior. This might be a consequence

of increased competition at the 2004 enlargement borders.
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The analysis reveals notable heterogeneity across sectors and firm sizes. Firms in con-
struction, production, and services tend to perform better in the NMS border areas
adjacent to the EU15, while agricultural and production firms near external NMS
borders show lower profitability. When accounting for firm size, we find that smaller
firms in the NMS near EU15 borders are more profitable, whereas profitability de-
clines with firm size. This pattern suggests that border regions may offer advantages
primarily to smaller firms, while larger companies may benefit more from the agglom-
eration economies present in interior regions. Alternatively, in the NMS, due to the
EU enlargement, border areas became more dynamic to attract smaller innovative
firms. A second reason could lie in vertical linkages between large firms in EU15 and
small firms on the NMS side of the border. These findings highlight the complex in-
terplay of economic integration, firm characteristics, and regional factors in shaping

border area profitability.

Overall, firm-level data provide valuable insights into the performance of firms located
in the border regions of the new member states. In contrast to the analysis based on
nighttime lights data in Chapter 2, the available firm-level data do not allow us to
directly evaluate the impact of the Eastern enlargements themselves. However, they
enable us to observe firm performance over a longer period, revealing differences across
groups of border areas as well as between NMS and EU15 countries. Further analysis

is still needed to establish more robust evidence for these observed patterns.

We further plan to improve this analysis by providing additional insights. First, to
enhance comparability between firms located in border areas and those further in-
land, we could conduct propensity score matching for each year separately using the
independent variables included in the regression model (first results displayed on fig-
ures Figure C1 and Figure C2). Second, Figure 3.2 shows an increasing number of
firms in the sample, which does not necessarily reflect newly established companies.
Examining the registration dates of the firms in the registry could provide additional
information on changes in the number of firms in border areas. We could also ag-

gregate the number of firms on the level of municipalities, in the style of Coufalova
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et al. (2024), and see how this changed throughout the observation period. Employing
spatial differencing (Belotti et al., 2018) in this case is also an option. Third, we can
use firm characteristics to assess the presence of other sources of heterogeneity in the
results. For instance, firm age could be used to restrict the sample to companies that
were established before the enlargement, in order to mitigate concerns about endoge-
nous location choices. We plan to control for the number of competitors. It could be
also possible to have the treatment group split into quartiles based on the quartiles

of the number of competitors and investigate the differences to see if it plays a role.
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Appendix C

Table C1: Results by individual sectors

(1) (2 ®3) (4)
Aprofit_empl profit_empl Aprofit_empl profit_empl

(M 2) 3) (4)

EU15-NMS * Agriculture -0.058 -0.675
(0.047) (2.094)
EU15-NMS * Mining -0.087+ 0.604
(0.051) (2.309)
EU15-NMS * Manufacturing 0.028 1.322
(0.029) (2.034)
EU15-NMS * Electricity 0.009 -0.293
(0.047) (2.098)
EU15-NMS * Water management -0.010 1.454
(0.035) (1.820)
EU15-NMS * Construction 0.025 1.124
(0.030) (1.987)
EU15-NMS * Retail 0.036 1.126
(0.027) (2.000)
EU15-NMS * Transportation 0.043 0.822
(0.029) (1.850)
EU15-NMS * Accommodation 0.031 1.116
(0.033) (2.337)
EU15-NMS * Publishing 0.034 1.028
(0.032) (2.075)
EU15-NMS * Telecommunication 0.051 1.078
(0.039) (2.084)
EU15-NMS * Financial 0.050 0.885
(0.031) (2.043)
EU15-NMS * Real Estate 0.032 1.555
(0.028) (1.790)
EU15-NMS * Scientific 0.057 1.736
(0.036) (1.877)
EU15-NMS * Public administration -0.020 1.604
(0.041) (2.142)
EU15-NMS * Education 0.051 1.313
(0.033) (2.220)
EU15-NMS * Human Health 0.015 0.996
(0.049) (2.744)
EU15-NMS * Sports and Recreation 0.075 3.006
(0.047) (2.827)
NMS-EU15 * Agriculture -0.009 -0.505+

(0.006) (0.255)
NMS-NMS * Agriculture 0.006 0.002
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NMS-EXT * Agriculture

NMS-EU15 * Mining

NMS-NMS * Mining

NMS-EXT * Mining

NMS-EU15 * Manufacturing

NMS-NMS * Manufacturing

NMS-EXT * Manufacturing

NMS-EU15 * Electricity

NMS-NMS * Electricity

NMS-EXT * Electricity

NMS-EU15 * Water management

NMS-NMS * Water management

NMS-EXT * Water management

NMS-EU15 * Construction

NMS-NMS * Construction

NMS-EXT * Construction

NMS-EU15 * Retail

NMS-NMS * Retail

NMS-EXT * Retail

NMS-EU15 * Transportation

NMS-NMS * Transportation

NMS-EXT * Transportation

NMS-EU15 * Accommodation

(0.006) (0.248)
0.012 0.882
(0.008) (0.534)
-0.052* 0.427
(0.022) (0.360)
-0.046* -0.277
(0.020) (0.574)
-0.058+ -3.121%
(0.033) (1.243)
0.009 0.628*
(0.007) (0.289)
-0.012 -0.048
(0.007) (0.247)
-0.009 -0.992+
(0.011) (0.577)
0.011 0.875
(0.015) (0.568)
0.006 0.335
(0.014) (0.501)
-0.014 -1.944
(0.039) (1.330)
0.000 0.370
(0.010) (0.374)
-0.000 0.058
(0.011) (0.333)
-0.074%F%  _].388%
(0.019) (0.622)
0.020%* 0.822%*
(0.007) (0.286)
-0.006 0.084
(0.008) (0.298)
-0.020 -0.559
(0.021) (0.464)
-0.008 0.204
(0.007) (0.302)
-0.014% -0.039
(0.006) (0.297)
-0.014 -1.297%
(0.014) (0.585)
0.011 0.396
(0.008) (0.288)
-0.004 -0.014
(0.009) (0.290)

-0.035%** -0.707
(0.010) (0.679)
-0.000 1.372%

(0.010) (0.650)
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NMS-NMS * Accommodation

NMS-EXT * Accommodation

NMS-EU15 * Publishing

NMS-NMS * Publishing

NMS-EXT * Publishing

NMS-EU15 * Telecommunication

NMS-NMS * Telecommunication

NMS-EXT * Telecommunication

NMS-EU15 * Financial

NMS-NMS * Financial

NMS-EXT * Financial

NMS-EU15 * Real Estate

NMS-NMS * Real Estate

NMS-EXT * Real Estate

NMS-EU15 * Scientific

NMS-NMS * Scientific

NMS-EXT * Scientific

NMS-EU15 * Administrative

NMS-NMS * Administrative

NMS-EXT * Administrative

NMS-EU15 * Public administration

NMS-NMS * Public administration

NMS-EXT * Public administration

NMS-EU15 * Education

-0.024%
(0.010)
-0.001
(0.022)
-0.006
(0.018)
-0.014
(0.009)
-0.021
(0.023)
-0.025
(0.021)
-0.026
(0.016)
0.037
(0.027)
-0.004
(0.009)
-0.011
(0.011)
-0.014
(0.020)
-0.006
(0.009)
-0.008
(0.008)
0.011
(0.016)
-0.001
(0.011)
-0.012
(0.011)
-0.026
(0.023)
0.051
(0.088)
0.128%%*
(0.036)
-0.123%#*
(0.030)
-0.008
(0.024)
0.016
(0.014)
0.025
(0.042)
0.001

-0.237
(0.434)
-0.563
(1.033)

0.304
(0.481)
-0.161
(0.309)
-0.418
(0.893)

0.407
(0.627)
-0.609
(0.689)
-0.613
(0.975)
1.527%
(0.615)

0.984
(0.598)

0.068
(0.771)

0.495
(0.406)
-0.089
(0.340)

1141+
(0.661)
0.751%
(0.357)

0.088
(0.305)
-0.187
(0.871)

0.759
(0.853)

0.318
(0.766)
-0.308
(0.770)

0.380
(0.589)
-0.256
(0.506)

0.342
(0.647)

0.395
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(0.011) (0.286)
NMS-NMS * Education 0.011 0.120
(0.009) (0.291)
NMS-EXT * Education 0.022 -0.735
(0.014) (0.644)
NMS-EU15 * Human Health -0.037 1.343+
(0.023) (0.703)
NMS-NMS * Human Health -0.019 0.490
(0.018) (0.551)
NMS-EXT * Human Health -0.058** -1.048
(0.021) (1.499)
NMS-EU15 * Sports and Recreation 0.001 0.979*
(0.011) (0.494)
NMS-NMS * Sports and Recreation 0.011 0.412
(0.016) (0.391)
NMS-EXT * Sports and Recreation -0.034 -0.713
(0.033) (0.812)
Sample EU15 EU15 NMS NMS
N 60532 60532 505641 505641
R2 0.047 0.039 0.034 0.095
R2 Adj. 0.045 0.038 0.034 0.095
RMSE 0.33 3.36 0.36 4.71
Cluster NUTS3 NUTS3 NUTS3 NUTS3
Firm level controls Yes Yes Yes Yes
NUTS3 FEs X X X X
Yearly FEs X X X X

Note: The impact of firm location on growth and profitability (EBITDA per employee). Significance levels:
+ p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001. Clustered standard errors in parenthesis. EU15-NMS
denotes firms located in EU15 countries within 25 kilometers of borders with new member states, while
NMS-EU15, NMS-NMS and NMS-EXT are firms located in new members states within 25 kilometers of

borders with EU15, other new member states and non-EU countries respectively.
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Table C2: Baseline results with profit per asset

(1) (2) (3) (4)
Aprofit asset profit asset Aprofit asset profit asset
EU15-NMS -0.002 0.022
(0.029) (0.016)
NMS-EU15 -0.001 0.004
(0.003) (0.007)
NMS-NMS -0.003 0.005
(0.002) (0.005)
NMS-EXT 0.002 0.004
(0.003) (0.005)
Sample EU15 EU15 NMS NMS
N 60532 60532 505641 505641
R2 0.016 0.040 0.012 0.043
R2 Adj. 0.014 0.039 0.012 0.043
RMSE 0.30 0.10 0.32 0.22
Cluster NUTS3 NUTS3 NUTS3 NUTS3
Firm level controls Yes Yes Yes Yes
NUTS3 FEs X X X X
Yearly FEs X X X X

Note: The impact of firm location on growth and profitability (EBITDA per asset).
Significance levels: + p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001. Clustered
standard errors in parenthesis. EU15-NMS denotes firms located in EU15 countries
within 25 kilometers of borders with new member states, while NMS-EU15, NMS-
NMS and NMS-EXT are firms located in new members states within 25 kilometers
of borders with EU15, other new member states and non-EU countries respectively.
Comparison group contains firms located 50-100 kilometers from treated borders.
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Table C3: Results by sector group with profit per asset

(1) (2) (3) (4)
Aprofit_assets profit_assets Aprofit_assets profit_assets
EU15-NMS*Agriculture 0.646 -0.006
(0.823) (0.337)
EU15-NMS*Construction -0.803 0.122
(0.833) (0.342)
EU15-NMS*Production -0.684 0.113
(0.814) (0.345)
EU15-NMS*Services -0.733 0.108
(0.813) (0.311)
NMS-EU15*Agriculture -0.112 -0.129
(0.088) (0.108)
NMS-EU15*Construction 0.214 0.070
(0.136) (0.117)
NMS-EU15*Production 0.049 0.044
(0.137) (0.107)
NMS-EU15*Services 0.147 0.089
(0.090) (0.124)
NMS-NMS*Agriculture -0.141+ -0.278%*
(0.080) (0.102)
NMS-NMS*Construction 0.114 0.256*
(0.090) (0.101)
NMS-NMS*Production 0.010 0.223*
(0.128) (0.095)
NMS-NMS*Services 0.151+ 0.220%*
(0.088) (0.105)
NMS-EXT*Agriculture -0.094 -0.008
(0.081) (0.110)
NMS-EXT*Construction 0.449 -0.010
(0.296) (0.127)
NMS-EXT*Production -0.001 -0.095
(0.135) (0.122)
NMS-EXT*Services 0.128 0.012
(0.090) (0.134)
Sample EU15 EU15 NMS NMS
N 56759 57087 476633 479283
R2 0.003 0.676 0.000 0.707
R2 Adj. 0.002 0.675 0.000 0.707
RMSE 2.18 0.98 9.19 1.13
Firm level controls Yes Yes Yes Yes
Cluster NUTS3 NUTS3 NUTS3 NUTS3
NUTS3 FEs X X X X
Yearly FEs X X X X

Note: The impact of firm location on growth and profitability (EBITDA per asset). Sig-
nificance levels: + p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001. Clustered standard
errors in parenthesis. EU15-NMS denotes firms located in EU15 countries within 25 kilo-
meters of borders with new member states, while NMS-EU15, NMS-NMS and NMS-EXT
are firms located in new members states within 25 kilometers of borders with EU15, other
new member states and non-EU countries respectively. Comparison group contains firms
located 50-100 kilometers from treated borders. Agriculture corresponds to NACE A sec-
tor; production sectors comprise NACE sectors B, C, D and E; construction corresponds
to NACE F sector and services are NACE G, H, I, J, K, L, M, N, O, P, Q, R, Sand T
sectors.
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Table C4: Results by firm size with profit per asset

(1) (2) (3) (4)
Aprofit assets profit assets Aprofit assets profit assets
EU15-NMS*Small 0.004 0.021
(0.029) (0.016)
EU15-NMS*Medium -0.002 0.000
(0.004) (0.004)
EU15-NMS*Large -0.010* 0.003
(0.005) (0.006)
EU15-NMS*Very Large 0.010 -0.006
(0.017) (0.014)
NMS-EU15*Small 0.003 0.026*
(0.003) (0.011)
NMS-EU15*Medium -0.007* -0.038**
(0.003) (0.011)
NMS-EU15*Large -0.011* -0.042*
(0.005) (0.019)
NMS-EU15*Very Large -0.009 -0.073%*
(0.016) (0.023)
NMS-NMS*Small -0.001 0.012
(0.003) (0.008)
NMS-NMS*Medium -0.003 -0.014
(0.004) (0.010)
NMS-NMS*Large -0.007+ -0.012
(0.004) (0.020)
NMS-NMS*Very Large -0.005 -0.004
(0.009) (0.024)
NMS-EXT*Small 0.006 0.012+
(0.004) (0.007)
NMS-EXT*Medium -0.008 -0.020+
(0.008) (0.011)
NMS-EXT*Large -0.020+ -0.034*
(0.011) (0.017)
NMS-EXT*Very Large 0.045 -0.097**
(0.086) (0.030)
Sample EU15 EU15 NMS NMS
N 60532 60532 505641 505641
R2 0.016 0.040 0.012 0.044
R2 Adj. 0.014 0.039 0.012 0.044
RMSE 0.30 0.10 0.32 0.22
Cluster NUTS3 NUTS3 NUTS3 NUTS3
Firm level controls Yes Yes Yes Yes
NUTS3 FEs X X X X
Yearly FEs X X X X

Note: The impact of firm location on growth and profitability (EBITDA per employee). Signif-
icance levels: + p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001. Clustered standard errors in
parenthesis. EU15-NMS denotes firms located in EU15 countries within 25 kilometers of borders
with new member states, while NMS-EU15, NMS-NMS and NMS-EXT are firms located in new
members states within 25 kilometers of borders with EU15, other new member states and non-
EU countries respectively. The comparison group contains firms located 50-100 kilometers from
treated borders. Very large companies are those with an operating revenue above 100 million
EUR, total assets above 200 million EUR and at least 1000 employees. Large companies have
an operating revenue between 10 and 100 million EUR, total assets between 20 and 200 million
EUR and a number of employees between 150 and 1000. Medium sized companies have an op-
erating revenue between 1 and 10 million EUR, total assets between 2 and 20 million EUR and
a number of employees between 15 and 150. The rest of the companies are classified as small
firms
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Figure C1: Yearly estimation using propensity score matching for each
year for growth of profit per employee.
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(U

NMS-EXT NMS-NMS
s

2005

Notes: The figure presents regression results based on propensity score matching,
where all covariates from (3.1) are used in both the matching procedure and the
subsequent regression. The regressions are estimated separately for each year.
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Figure C2: Yearly estimation using propensity score matching for each
year for level of profit per employee.
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Notes: The figure presents regression results based on propensity score matching,
where all covariates from (3.1) are used in both the matching procedure and the
subsequent regression. The regressions are estimated separately for each year.
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General Conclusion

In this thesis, I evaluate different aspects of European integration and their connec-
tion to regional development. The first chapter assesses the impact of EU funds on
regional GDP, while the second and third chapters focus on the economic develop-
ment of border regions following recent EU enlargements. The results show that EU
funds foster regional growth, sometimes generating spillover effects that surpass the
direct impacts. The second chapter examines the development of border municipali-
ties in Eastern Europe, and the third compares the performance of firms located near
different types of borders with those in the interior. Together, these two chapters
highlight heterogeneity in economic development across border areas and provide a

more granular understanding of regional dynamics.

The analyses conducted in this thesis can provide insights for policy recommendations

as well as ideas for future research that can provide more answers:

Availability of granular data. My thesis is a journey from using data on a more
aggregate level to employing more granular data in conducting research. It is still
easier to find a larger amount of data for evaluation of economic policies on the level
of NUTS regions than on granular level. However, the rapid technological progress
is making vast improvements in this area, with constant improvements in NTL data
(Li et al., 2020) or provision of new data on a finer scale (Rossi-Hansberg and Zhang,
2025; Kummu et al., 2025; Desmet et al., 2025). These can help in the future to
provide further improvements in explaining various aspects of EU enlargement. Hence,
provision of more data on a finer scale by EU institutions, in spatial and temporal

sense, could provide more accurate information about the needs of regions for a more
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effective allocation of EU funds on as well as in the evaluation of the use of EU funds.

Improvements in causal inference methodology. The use of Callaway and
Sant’Anna (2021) method in the evaluation of the effect of EU accession on border
urban municipalities is one of my contributions to the literature on this topic. Further
advancements in causal inference, for instance integration of the new difference-in-
differences estimators with spatial econometrics, might help to further improve these

estimates in the future.

Natura 2000. In Chapter 1, we employ the presence of nature-protected areas be-
longing to the Natura 2000 framework as an instrumental variable in evaluating the
impact of EU funds. Although we argue that the regulations connected with Natura
2000 may increase the demand for EU-funded projects—thereby raising their costs—
we do not explore this issue in sufficient depth. More broadly, Blicharska et al. (2016)
highlight the lack of research on the impact and effectiveness of Natura 2000 sites
themselves. In light of the growing importance of nature protection for mitigating the
effects of climate change, further analysis of the role and effectiveness of the Natura

2000 framework would be highly valuable.

Border regions. The analyses in Chapter 2 and Chapter 3 provide insight into the
border areas of the Eastern enlargements. Upon further improvements, Chapter 3
can be helpful in identifying weak spots of the 2004 border regions, which could help
with policies helping these border areas. Firm level data can be further employed to
analyze the border areas of the EU in general, especially in the context of cross-border

projects.

EU (dis-)integration). The EU integration is an ongoing process, with possible
future enlargements taking place in the Western Balkans and Eastern Europe. The
results from Chapter 2 indicate that trade liberalization can be helpful for the can-
didate countries in the pre-accession process, although there is the uniqueness of the
2004 enlargement countries directly neighboring the EU15. However, the firm-level

data could be used to provide granular information about the border regions of the
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candidate countries and help with developing cooperation projects to facilitate their
accession into the EU. Furthermore, the withdrawal of the UK from the EU provides
another understudied topic in the context of economic development of border regions,

this time also taking maritime borders into consideration.
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