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Abstract

This paper quantifies the causal effect of cohesion policy on EU regional output and
investment focusing on one of its least studied instruments, i.e., the Cohesion Fund
(CF). We employ modern causal inference methods to estimate not only the local aver-
age treatment effect but also its time-varying and heterogeneous effects across regions.
Utilizing this method, we propose a novel framework for evaluating the effectiveness of
CF as an EU cohesion policy tool. Specifically, we estimate the time varying distribution
of the CF’s causal effects across EU regions and derive key distribution metrics useful
for policy evaluation. Our analysis shows that relying solely on average treatment effects
masks significant heterogeneity and can lead to misleading conclusions about the effec-
tiveness of the EU’s cohesion policy. We find that the impact of the CF is frontloaded,
peaking within the first seven years after a region’s initial inclusion in the program. The
distribution of the effects during this first seven-year cycle of funding is right skewed
with relatively thick tails. This indicates positive effects but unevenly distributed across
regions. Moreover, the magnitude of the CF effect is inversely related to a region’s relative
position in the initial distribution of output, i.e., relatively poorer recipient regions expe-
rience higher effects compared to relatively richer regions. Finally, we find a non-linear
relationship with diminishing returns, whereby the impact of CF declines as the ratio of
CF funds received to a region’s gross value added (GVA) increases.
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1 Introduction

Cohesion policy is one of the most important fiscal policy initiatives at the European Union
(EU) level. Over the last three decades, nearly €960 billion (in 2015 prices) have been dis-
bursed to the EU regions as part of this sub-national transfers program. To put things in
a historical perspective, cohesion-related expenditures account for almost one-third of the
EU’s budget (see [Benedetto| (2024) and [Bachtler (2022)), making it one of the largest redis-
tribution programs ever implemented in the EU. In the current seven-year budget periodﬂ
€392 billion have been dedicated to cohesion policy objectives, reinforcing its status as a top
spending priority of the EU. Naturally, given its scale and overarching objectives, the effec-
tiveness of cohesion policy has been debated over time by both academics and policymakers
(see|European Commission|(2024)).

This paper quantifies the causal effect of cohesion policy on EU regional output and in-
vestment. By adopting recent developments in the causal inference and potential outcomes
literature, i.e., Xul (2017), Athey et al.|(2021) and Borusyak et al. (2024)E] we extend beyond
the existing literature (e.g., Becker et al.[ (2010} 2013} 2018)) which has primarily focused on
estimating a common effect across all treated regions, i.e. the (local) average treatment ef-
fect. Our empirical strategy allows us to capture not only the average impact of cohesion
policy but also its time-varying and heterogeneous effects across regions, providing a more
nuanced understanding of its effectiveness.

We focus on one of the least studied instruments of cohesion policy: the Cohesion Fund
(CF). This policy instrument is solely available to the relatively poorer Member States and
has disbursed, over time, almost 20% of total cohesion policy expenditures. Our paper in-
troduces a novel approach to evaluate its core objectives, which go beyond simply boosting
income across recipient regions to actively address economic disparities among EU regions.
To do this, we utilize the strengths of our methodology, which allows us to estimate the im-
pact of each region for every year following its inclusion in the CF program. This enables us
to estimate the time-varying distribution of CF effects across regions and derive key distribu-
tional metrics that are useful for policy evaluation. Specifically, we compute the percentage
of regions that experience a positive (or negative) impact. Moreover, we examine the skew-
ness of the distribution which indicates whether the CF program has predominantly positive
or negative effects, along with the kurtosis which measures the degree of uneven dispersion
of CF effects across regions. We do this over consecutive funding cycles aligning with the EU’s
institutional seven-year budgeting framework. In the context of the CF’s policy evaluation, a
decline in the percentage of regions experiencing a positive impact over time may suggest a
diminishing effectiveness of the CE However, this should not always be interpreted at face
value but, rather, should be assessed alongside additional distributional metrics. Specifi-
cally, a simultaneous decrease in skewness and/or kurtosis—indicating a more symmetric
distribution—may instead suggest that the CF effect becomes more symmetric as a result of
reducing regional disparities over time.

The identification of the causal effects of such regional transfer programs has mainly been
conducted by relying either on panel data methods related to the Differences-in-Differences
(DiD) approach (see for example |Gobillon and Magnac| (2016) for a discussion) or by em-
ploying a Regression Discontinuity Design (RDD) to assess, for example, the impact of the
cohesion policy expenditures across the regions of the EU. These papers leverage on the in-
stitutional rule that determines whether a region is eligible or not for the relevant EU objec-
tives (e.g. the so-called Objective I or Convergence Objective), which in turn determines the

1The so-called Multiannual Financial Framework.
2For a recent review see Xul (2023)



corresponding size of the cohesion transfers - e.g. see Becker et al.|(2010,[2012) - more details
on this are provided in section[2]

However, in the analysis of regional policies there are specific issues which require careful
consideration. The first issue, which has received quite a lot of attention, is that of the spatial
dependence across units. These dependencies arise mainly due to geographical reasons and
are local in nature. A number of studies have employed standard spatial econometrics tech-
niques to account for these issues (see, among others, Amendolagine et al. (2024), Bourdin
(2018),|Crescenzi and Giual (2020), Di Caro and Fratesil (2022) and [Mohl and Hagen|(2010)) to
account for these factors. To our knowledge, only|Crescenzi and Giua| (2020) have attempted
to account for these dependencies in a causal inference contaxt, by employing a spatial RDD
in order to estimate the causal effects of cohesion policy.

A second important issue is that of cross-sectional dependence, highlighted by |Gobil-
lon and Magnac (2016). Specifically, cross-sectional dependence is a form of time-varying
heterogeneity which arises from the presence of unobserved common factors whose impact
extends well beyond a local geographical area. Examples of such factors that are prominent
in our sample include the Global Financial Crisis of 2008 and the debt crisis of the southern
periphery of the EU. These unobserved common factors can lead to severe biases if they are
correlated with the treatment variable.

Lastly, it is important to recognize that regional policies are more likely than not to ex-
ert region-specific effects. To our knowledge, the relevant empirical literature on the policy
evaluation of Cohesion transfers has largely assumed that the impact of the EU’s regional pol-
icy is identical across all regions. Essentially, this amounts to disregarding any heterogeneity
that arises due to differences in the relative position of regions across the income distribution
along with a wide range of other idiosyncratic characteristics.

In this paper, we overcome these challenges by drawing on recent developments from
the causal inference and potential outcomes literature in order to estimate the causal ef-
fects of the Cohesion Fund payments. Specifically, our analysis builds on the matrix com-
pletion technique implemented in the context of factor models - see, Athey et al. (2021) and
Xul(2017). The factor or interactive fixed effects models (see/Bai (2009a)), Pesaran/ (2006)) nest
the standard Two-Way Fixed Effects model and can directly account for the presence of cross-
sectional dependence and the potential correlation between the treatment and the outcome
(see|Gobillon and Magnac| (2016)).

Our approach is a generalization of the synthetic control method of/Abadie et al. (2010),
which relaxes key assumptions of standard causal inference methods. In particular, by em-
ploying the synthetic control methodology we avoid the imposition of the so-called paral-
lel trends assumption which is central to all the techniques that rely on the Differences-in-
Differences approach -see, Angrist and Pischke|(2009), De Chaisemartin and d"Haultfoeuille
(2024),/Sun and Abraham|(2021). It is worth mentioning that the presence of the time-varying
unobserved common factors, which are an integral part of our approach, would invalidate
this assumption (see Xu/(2017)). In our setup, the interactive fixed effects will directly model
and account for these confounders. Moreover, under this generalized approach, the stag-
gered adoption of the treatment from more than one units is allowed.

Our main findings are as follows. We find that, on average, the CF has a persistent positive
effect on both output (Gross Value Added) and investment (Gross Fixed Capital Formation)
of the recipient regions, compared to a counterfactual scenario where no funds are provided
by the EU. The impact of the CF is frontloaded, peaking within the first seven years after a
region’s initial inclusion in the program. For a hypothetical average EU region, the CF led to
an increase in GVA per capita of €468 compared to the counterfactual scenario. In the sec-
ond seven-year cycle, i.e. after 14 years of inclusion in the CF program, the positive effect



persists but diminishes in magnitude, with GVA per capita increasing by €330 compared to
the counterfactual. In other words, a citizen in this hypothetical EU region will be wealthier
by €468 in the 7th year after the inclusion to the program and by €330 in the 14th year. Simi-
larly, the hypothetical average EU region, experiences an increase in GFCF per capita of €385
and €415 after 7 and 14 years, respectively, compared to the counterfactual.

However, our analysis shows that relying solely on average treatment effects masks sig-
nificant heterogeneity and can lead to misleading conclusions about the effectiveness of this
EU policy tool. We provide novel evidence on the distribution of the impact of the Cohesion
Funds across EU regions and its evolution over consecutive seven-year cycles (mimicking the
EU budgeting cycles). Specifically, the distribution of the GVA effect during the first seven-
year cycle of funding is right skewed with relatively thick tails. This indicates positive GVA
effects which are unevenly distributed across regions. In the second cycle (after 14 years of
treatment) both the skewness and the kurtosis of the distribution decrease. This indicates
that the magnitude of the CF effect becomes smaller, while its impact is more symmetric
across regions. We quantify the distributional effects and, specifically, we find that in the
first seven-year cycle 64.5% of treated regions experience a positive effect, while this per-
centage reduces to 49% in the second seven-year cycle. When we categorize regions into
percentiles based on their initial GVA, we find that the poorest regions — those in the bottom
0-10th percentile- experience a significantly larger in magnitude positive effect from receiv-
ing Cohesion Funds. Specifically, their GVA after the first seven-years of receiving the fund is
estimated to grow by 21.5 percentage points more compared to the counterfactual scenario.
For regions in the 10th-25th and 50th-75th percentile, the gains are 18.8 and 12.3 percentage
points higher, respectively, compared to the counterfactual. However, the benefits diminish
for the relatively wealthier regions and even turn to negative for the wealthiest EU regions.
Another important finding is that the positive effect persists in the second seven-year cycle,
i.e., after 14 years under treatment; however, it becomes significantly smaller in magnitude.
Turning to the GFCF distribution, most of the patterns observed for GVA hold. However, we
observe two key differences. First, a higher percentage of the treated regions experience a
positive effect within the first seven years under treatment, namely 90%. Second, the distri-
bution is relatively more right-skewed and leptokurtic (higher tails) which implies that the
positive effects are larger and more unevenly distributed across region. For the poorest re-
gions, i.e., those in the 0-10th percentile in terms of initial GVA per capita, the investment
effect is 57.5 percentage points higher compared to the counterfactual. This impact is more
than 2.5 larger than the estimated effect on GVA growth. This finding provides evidence that
the CF payments have a regional impact that adheres to the policy objectives, namely, to stim-
ulate regional investment and infrastructure, and, through these channels, enhance regional
GVA growth, especially for the poorest regions in the EU.

Having these granular effects of the Cohesion Fund payments by region and over time, we
use them to visualize the effects on a map of the European regions. A distinct spatial pattern
emerges from visual inspection of such a map. The smallest effects of the Cohesion Fund are
concentrated in Southern Europe. In contrast, the largest effects are observed in Eastern Eu-
rope (note that countries in Northern Europe were not eligible for CF support). This pattern
reveals a new geographical division within Europe. Specifically, Southern Europe, which con-
sists of relatively wealthier regions, experiences weaker CF effects, whereas Eastern Europe,
which consists of poorer regions that became members of the EU in the early 2000s, benefits
the most from such a policy. Moreover, when we aggregate these results at the country level,
most of the findings observed at the regional level are confirmed. Specifically, the impact of
the Cohesion Fund is frontloaded, with the largest effects estimated within the first seven-
year cycle. Additionally, the magnitude of the impact is negatively correlated with a country’s



initial GVA per capita, meaning poorer countries tend to experience stronger positive effects.
These differences in GVA growth stem from the causal impact of regions within each country
receiving Cohesion Fund support. Finally, we find a nonlinear relationship and diminishing
returns for the CF impact on GVA as a function of the CF to GVA ratio. That is, for relatively
low funding as a share of GVA, the effect is negligible or even negative. As funding increases,
the effect grows, peaking when the cohesion fund reaches 0.58% and 0.94% of the region’s
GVA for the seven- and fourteen-year period respectively. Beyond a point, we observe di-
minishing returns, where the effect of the Cohesion Fund gradually declines and eventually
becomes zero or even negative at higher funding as a share of GVA.

The rest of our paper is laid out as follows: section [2] presents an overview of the related
literature while section 3| presents some additional information on the Cohesion Fund. Sec-
tion[4] presents our dataset, while section [p|analyses our methodology and presents the em-
pirical model. Section[6|presents the results and section[7|concludes.

2 Related literature

The present paper contributes to the empirical literature studying the effects of the EU’s co-
hesion policy expenditures on regional economic performance. Based on the approach uti-
lized, this literature can be split into two broad categories: one that employs causal infer-
ence techniques and one that focuses on more traditional (spatial) panel econometrics ap-
proaches. A schematic review is presented in Table

Starting with the first branch of the relevant literature, the focus is on disentangling the
causal impact that cohesion transfers exert on the economic performance of the recipient
EU regions. These papers leverage on an institutional rule that determines whether a region
is eligible or not for EU transfers. In particular, the rule stipulates that if a region’s GDP per
capita (in PPP terms) is less than 75% of the EU average prior to the commencement of the
programming period, then it is awarded the ‘Objective I’ or ‘Convergence criterion’ or ‘less-
developed’ region status and is thus eligible for the EU transfersE]

By focusing on a binary treatment indicator based on the GDP per capita rule, the liter-
ature examined whether being awarded the ‘less-developed’ status had a causal impact on
economic performance. In this context, Becker et al.| (2010, |2013; 2018) and |Crescenzi and
Giual (2020) focus on an interesting observation and develop a ‘fuzzy’ RDD in order to as-
sess the impact of cohesion transfers. In particular, they observe that there are cases of non-
compliance with the eligibility rule which led to a distinction between a region being eligible
for and a recipient of EU transfers; that is, there exist cases were regions were awarded the
Objective 1 status despite having a larger level of GDP per capita as well as cases were the
regions were not awarded the ‘less-developed’ status despite meeting the Criteria Becker
et al. (2010) show that cohesion policy transfers to the lagging regions increase real per capita
GDP growth by 1.6% within the same programming period. This translates to a multiplier of
1.2, implying that the policy yields net benefits. Becker et al.| (2013) develop a heterogeneous
variant of the RDD in order to examine if absorptive capacity —proxied by an index of the
quality of government and human capital- is the driving force behind heterogeneous treat-
ment effects. They conclude that heterogeneity in absorptive capacity is crucial, with only
one-third of the regions in their sample exhibiting a high enough level that allows them to
attain large, positive economic effects. Lastly,[Becker et al.| (2018) use an updated dataset that

31t should be clarified here that all EU NUTS2 regions are eligible for cohesion policy transfers. However, the
bulk of the transfers is directed to the ‘less developed’ regions mentioned above; that is, it is the intensity of the
transfers that changes across regions.

4Interestingly, Pellegrini et al.[(2013) use a ‘sharp’ RDD approach.



allows them to account for the impact of the financial crisis of 2008. They document a weaker
impact of the EU’s cohesion policy transfers during the programming period containing the
crisis, pointing to a downward pressure that was exerted by the cyclical effects. Additionally,
they document that the effects of the policy seem to be contained within one programming
period.

A separate branch of this literature shifted the focus from the broad question of whether
cohesion transfers have a causal impact on growth to the more granular issue of whether the
level of the transfer intensity that regions receive is what matters for economic performance.
Technically, these papers exploit the variation in the intensity of the treatment. In this case,
the question at hand is whether higher levels of the treatment lead to a higher or lower impact
on the outcome compared to lower levels of the treatment. In this context, Hagen and Mohl
(2008), Becker et al.| (2012) and |Cerqua and Pellegrini| (2018) employ a generalized propensity
score approach following[Hirano and Imbens| (2004) and estimate the so-called dose-response
function. This allows the examination of whether there exists either a minimum necessary
level or a maximum desirable level of regional transfer intensity necessary to achieve positive
effects from cohesion policy expenditures (e.g. seeBecker et al.[(2012)). This has important
policy implications, as the existence of either bound implies that a redistribution of the EU’s
transfer budget could be undertaken, leading to positive effects for more regions. In particu-
lar, Becker et al. (2012) identify that the maximum desirable level of transfer intensity for their
sample is equal to 1.3% of GDP (and, specifically, of the beginning-of-period GDP). Moreover,
they calculate that the optimal transfer intensity —the level of transfers beyond which one ad-
ditional euro of transfers leads to the generation of less than one euro of additional GDP- is
equal to 0.4% of GDP. Similar results are obtained by |Cerqua and Pellegrini| (2018). On the
contrary, Hagen and Mohl (2008) show that for a sample focusing on earlier programming
periods, Cohesion transfers have a positive yet statistically insignificant effect thus rendering
void the discussion of an ‘optimal dose’ of EU transfers. Overall, the literature utilizing coun-
terfactual policy evaluation techniques seems to provide evidence pointing to a clear positive
effect of cohesion policy funds on regional economic growth and employment.

Our work extends this literature by applying a recently developed technique that is able
to disentangle region- and time-specific effects for the EU regions that were recipients of the
Cohesion Fund payments. This approach allows us to assess the causal effects of the Cohe-
sion Fund under a more general, heterogeneous setting compared to what was implemented
in the relevant literature.

The second broad category of the relevant empirical studies focuses on the use of panel
data techniques for the assessment of the impact of cohesion policy expenditures on eco-
nomic performance. As the approach followed in these articles goes beyond the scope of the
present paper, we only briefly discuss it here. Interested readers are referred to the papers in-
cluded in the upper panel of Table[1]for an entry point to this literature. This rather extensive
literature employs various panel econometrics techniques and aims to disentangle the (long-
run) effects of these sub-national transfers on regional economic performance using mainly
instrumental variables and spatial approaches (see, for example, |[Di Caro and Fratesil (2022)
and Mohl and Hagen|(2010)). Recent contributions have incorporated into the analysis insti-
tutional factors - e.g. see Rodriguez-Pose and Garcilazo| (2015). Lastly, a rather recent set of
contributions focuses on the estimation of the multiplier effects of Cohesion expenditures -
e.g. see|/Canova and Pappal (2024).
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3 Background: the Cohesion Fund

The European Structural and Investment Funds (henceforth, ESIF) constitute a major com-
ponent of a system of (sub)national transfers made by the EU to the Member States to fos-
ter regional economic performance. ESIF is primarily composed by the European Regional
Development Fund (ERDF), the European Social Fund (ESF) and the Cohesion Fund (CF) -
which are collectively known as the cohesion policy instruments— and the European Agricul-
tural Fund for Rural Development (EAFRD) (which, together with the European Agricultural
Guarantee Fund (EAGF) are the two components of the Common Agricultural Policy (CAP)).

The vast majority of the relevant literature has focused either on the impact of all cohe-
sion policy instruments combined or on the two largest instruments, namely the ERDF and
the ESE In this paper we deviate from this trend and focus our attention on the largely ne-
glected CF instrument.

The CF was established in 1994 in order to further strengthen the cohesion of the EU via
funding investment projects related to the fields of environment and transport infrastruc-
ture. A key characteristic of the Cohesion Fund is that the rule based on which the European
Commission allocates the budget across the Member States differs compared to the rest of the
ESIF instruments. In particular, the fund is available to countries that exhibit per capita Gross
National Income (GNI) lower than 90% of the EU27 average. As a result, the CF instrument is
targeting, by design, the poorest European territories and offers them additional assistance
to achieve higher levels of output. This is made evident in the following Table[2lwhich breaks
down CF expenditures by programming period and also provides further details about the
fund’s recipients.

Table 2: Cohesion Fund recipients and transfers

Period Countries Regions GDP pc<75% Population (%) CFamount Share of CP(%)

1994-1999 4 42 16 14.9 18078.27 25.04
2000-2006 16 100 74 37.3 30618.79 17.7
2007-2013 16 102 71 39.6 68939.32 27.1
2014-2020 15 83 79 38.9 47953.53 22.3

Notes: Values are in €millions.

Notes: The dates in the table depict the beginning of the respective programming period.

The number of regions with GDP per capita lower than 75% of the EU average is calculated based on data corresponding to the first year of
each programming period.

Share of CP refers to CF payments as a share of the total cohesion policy payments over the respective period.

As can be observed in the Table, the scope of the CF increased significantly over time. In
particular, when the Fund first became operational, payments were made toward four coun-
tries only —namely, Greece, Ireland, Portugal and Spain- that accounted for 15% of the EU’s
population. Moreover, only 40% of the beneficiaries exhibited a level of GDP per capita lower
than 75% of the EU average, effectively classifying them as being ‘less developed’ regions.
During the 2000-2006 period, which saw the enlargement of the Union with the accession of
10 Central and Eastern European countries, the CF beneficiaries significantly increased. In
particular, during that programming period, the fund was available to 16 countries, with the
number of regions and the affected population more than doubling. It is interesting to note
that of the 100 recipient regions, 74 exhibited a level of GDP per capita less than 75% of the EU
average, a significant increase compared to the previous period (essentially, 3 out of 4 ben-
eficiaries were less developed regions). These numbers remained stable for the 2007-2013
period; however, in the 2014-2020 period with the number of eligible countries decreasing,



79 out of the 83 treated regions were classified as less developed.

It is also worth noting that the enlargement of the EU brought about a significant increase
in the budget allocated to the CE More specifically, during the third programming period
(2007-2013), the CF budget more than doubled reaching almost €70 billion or 27% of the
overall cohesion policy budget. The 2014-2020 period saw a decrease in the CF budget, which
however still accounted for more than 20% of the total cohesion policy budget.

This set of evidence highlights the fact that the CE with its expanding reach over time
that covers almost exclusively less developed regions and the increasing budget that aimed
to fund environment and transport investment projects —which are crucial for achieving sus-
tainable growth- is of central importance for ensuring increased cohesion across the EU and
merits an in depth analysis of its potential effects.

4 Data and Descriptive Statistics

We analyze data from two sources: (i) the Cohesion porta from which we source data on the
EU'’s Cohesion Fund expenditures (in current prices) and (ii) the Annual Regional Database
(ARDECO) of the European Commissiorﬁ for macroeconomic data.

Starting with the Cohesion Fund data, we note that they are generally available for the
1993-2022 period[] However, the vast majority of regions became eligible for the CF pay-
ments in 2000 (as already mentioned, prior to 2000, only four countries received Cohesion
Fund payments). Given that the data are provided in nominal terms, we convert them to 2015
prices using the regional GVA deflator. We note here that prior to using the data for the em-
pirical analysis, we had to account for two issues: first, the fact that the data are not reported
under a single NUTS2 classification; and, second, the issue of the time of the recording of Co-
hesion Fund expenditures. Further details regarding these issues, along with our approach,
are available in Appendix[B]

Panel (a) of Figure [1]depicts the evolution of the CF payments over time for all recipient
countries, while panel (b) of the Figure depicts the share of disbursements received by the
eligible countries. As is evident from the Figure, during the 2007-2013 period there was a
significant increase in the CF payments as a means of accommodating the accession of the
newest Member States. These increased payments continued up to 2015, due to the well-
known delays in the disbursement of EU funds (for more details on this, see|Dicharry|(2023)).
In total, for the period covered by our sample, €165.15 billion were disbursed to the recipient
countries, with Poland and Spain receiving around 27% and 17% of total payments, respec-
tively.

Shttps://cohesiondata.ec.europa.eu/0ther/Historic-EU-payments-regionalised-and-modelled/
tcb5-7ysv/about_data

®https://knowledgedpolicy.ec.europa.eu/territorial/ardeco-database_en

7Although the Cohesion Fund was officially launched in 1994, there were some payments in advance towards
the eligible countries in 1993.
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Figure 1: Cohesion Fund payments
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Notes: Panel (a) depicts the total expenditures for the Cohesion Fund by year, while panel (b) presents the average
shares of expenditures received by the 17 recipient countries. Note that not all countries received Cohesion Fund
payments throughout the sample, e.g., Spain was ineligible for the 2014-2020 period.

Table [3| provides a disaggregation of the CF disbursements by beneficiary, along with
some additional data on the relative importance of these payments in terms of GVA and pub-
licinvestment. The Table covers the 2000-2022 period, which includes the last three program-
ming periods, in order to ensure maximum coverage in terms of recipient countries. We note
here that Ireland is excluded from the analysis for two reasons: firstly, Ireland was eligible for
the Cohesion Fund for only one programming period (2000-2006). Secondly, due to the well-
documented issues with the Irish National Accounts stemming from the distortionary impact
of large multinational enterprises operating within the country it would be increasingly dif-
ficult to disentangle the effects of the Cohesion Fund on economic performance. Overall,
it is evident from the Table that Poland has received the bulk of the payments over the last
23 years, with a total amount that is more than twice in magnitude compared to the one re-
ceived by Spain, which ranks second. It is worth highlighting here that Spain was not eligible
for funding from the CF during the last programming period (2014-2020), implying that the
country benefited significantly from these disbursements within a narrower time frame.

Turning to the relative size of the CF payments in terms of GVA, we observe that across
beneficiaries the CF ranges from 0.08 to 0.68%, with a median value of 0.39%. As such, the
contribution of the EU’s CF transfers constitute a significant boost of liquidity for the imple-
mentation of investment projects. This is further exemplified in the last column of the Table,
which depicts the CF transfers as a share of public investment. We observe that, with a me-
dian value of 11.7%, the CF transfers emerge as a significant source of additional funds for the
financing of investment, in a complementary fashion to public investment. In particular, in
Eastern countries like Lithuania, Latvia, Hungary, Slovakia and Poland, the CF disbursements
amounted to at least 15% of public investment.
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Table 3: Cohesion Fund expenditures, 2000-2022

Country Regions Programming Period CFamount CF(% GVA) CF (% Gov. Investment)

BG 6 Periods 1-3 4206.9 0.48 12.46
CY 1 Periods 1-3 459.3 0.12 3.9
CZ 8 Periods 1-3 14365.4 0.42 11.7
EE 1 Periods 1-3 2634.8 0.65 13.3
EL 13 Periods 1-3 8884.4 0.22 5.8
ES 19 Periods 1-2 20079.3 0.13 3.3
HR 4 Periods 1-3 1110.9 0.17 4.1
HU 8 Periods 1-3 14537.8 0.67 17.1
LT 2 Periods 1-3 4975.9 0.68 15.89
LV 1 Periods 1-3 3169.9 0.67 15.13
MT 1 Periods 1-3 459.3 0.26 8.3
PL 17 Periods 1-3 47988.7 0.56 27.1
PT 7 Periods 1-3 9186.6 0.25 6.9
RO 8 Periods 1-3 12592.7 0.39 14.4
SI 2 Periods 1-3 2348.5 0.3 6.5
SK 4 Periods 1-3 7495.9 0.48 15.5

Notes: The Table covers the 2000-2022 period as in the first programming period (1994-1999) during which the CF was operational only
4 countries were eligible for the funds.

Values are in €millions, 2015 prices. Country-level GVA deflators were used.

Our proxy for general government investment is the Gross Fixed Capital Formation of the public sector (NACE codes: O to Q) from
Eurostat’s industry accounts (series: nama_10_a64_p5).

Column (3] refers to the programming periods in which each country was eligible for CF transfers. The 2000-2006 period is defined as
Period 1, 2007-2013 as Period 2 and 2014-2020 as Period 3.

Our source for macro-related data is ARDECO. We obtain data for real Gross Value Added
(GVA), at constant 2015 prices (series code: SOVGE) and for the average annual population
at the regional level (series code: SNPTD) in order to construct the corresponding per capita
measure.

Our dataset originally included data from 27 European countries and N = 242 regions in
the 2021 NUTS2 classification for a maximum of T = 43. The treated sample covers 96 EU
NUTS2 regionsﬂ over the 1993-2022 period for a total of 2297 observations and an average of
23.9 years under treatment. These regions belong to 16 countries, the majority of which are
the newest Member States of the EU, i.e. the Central and Eastern European countries that
entered the Union starting with the 2004 enlargement. Only 18 regions (located in Greece
and Portugal) are under treatment for the whole sample period, with 78 regions being treated
for up to 23 years.

5 Empirical Strategy

5.1 Notation and preliminaries

Let y;; denote the outcome of interesﬂ for the i-th EU region at year ¢, i = 1,...,N and
t =1,...,T. Throughout the rest of the paper we refer to regions that were eligible for CF
payments as the treated regions, we call the regions that did not receive this type of funding

8We exclude from the sample of treated regions the so-called outermost regions of Portugal, namely Azores
and Madeira, and Spain, namely the Canary Islands, along with the autonomous cities of Ceuta and Melilla.

9In this paper we consider two outcomes of interest; the logarithm of real GVA per capita and the logarithm of
Gross Fixed Capital Formation.
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the control regions and we use the term treatment when a region receives funding from the CF
program. Let N, and N; = N — N, be the numbers of control and treated units, respectively.
We also denote by T; the last time period before unit i received the intervention, i.e, T; = T
for control units, while 4" denotes the set of all treated regions.

We work under the framework of potential outcomes (see |Holland| (1986)) to assess the
impact of the policy intervention implied by the CF program by relying on observational
time-series. For each region and at each time period two potential outcomes are considered;
the outcome that region i would have if it was not treated at time ¢, denoted by y;;(0) and
typically referred as the potential untreated outcome, and the outcome that the i-th region
would have at time ¢ if was treated, namely the potential treated outcome denoted by y;(1).
Notice that only one of these outcomes is observed, while the other is known as the counter-
factual outcome. Specifically, for a treated region i € A at time ¢t > T; we observe y;; = y;;(1)
whereas for ¢ < T; as well as for i ¢ A" and for each t = 1,..., T we observe y;; = y;;(0). The
causal effect 7;; of the policy intervention is defined in terms of the difference between the
observed outcome and the one that region i would have if it was not treated at time ¢, i.e. the
counterfactual, so that

Tir=Yit(1) = yi:(0)
= Yir— ¥it(0). (1)

Finally, let D;; denote the treatment indicator, D;; = 1 if region i received the intervention at
time ¢ and D;; = 0 otherwise.

5.2 Causal inference by using matrix completion

To assess the effect of the policy intervention implied by the CF program we follow recent
directions in the literature and particularly the factor augmented approach (Xu, 2023) where
unobserved confounders are modeled through interactive fixed effects (Bail, 2009b). Specif-
ically, we employ the matrix completion method (Athey et al., [2021, Borusyak et al., [2024),
considering the unobserved potential untreated outcomes y;;(0), i € A and ¢ > T, as miss-
ing values to be estimated as ¥;;(0). This allows us to compute the causal effect 7;; as

Tit = Yir — ¥ir(0). (2)

In particular, we assume for each i = 1,...,N and ¢ = 1,..., T the following factor model for
both observed and potential untreated outcomes

yit:TitDit“'A;rft"'eit 3)

= /1le tTE€ix
where f; is a K x 1 vector with unobserved factors, A; is K x 1 vector with factor loadings
and ¢;; is a random variable that accounts for measurement error and is assumed to follow a
sub-Gaussian distribution; the second line in (3) emphasizes that for potential untreated out-
comeswe have D;; =0foralli=1,...,Nand t=1,...,T,i.e,. (@) canalso be interpreted as our
assumption for the data generation mechanism of untreated outcomes. Moreover, the model
in is a generalization of the Two Way Fixed Effects (henceforth, TWFE) model which is
the standard tool for estimation of causal effects under the DiD approach; see Appendix/Alfor
more details. Crucially, causal estimation using the TWFE model aims to estimate the param-
eter T = E[7;;]D;; = 1] which is typically known as the average treatment effect on the treated
(ATT) while disregarding the estimation of the unit- and time- specific effects 7;;. Addition-
ally, the estimation of 7 by using the TWFE modelling approach relies on the following set of
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strong assumptions: (i) additive separability which states that any unobserved heterogeneity
can be decomposed into additive unit- and time- specific fixed effects, (ii) the parallel trends
assumption, which states that the treated and control outcomes would follow the same paths
in the absence of the treatment, (iii) strict exogeneity of treatment, which rules out the possi-
bility of the treatment being assigned based on future outcomes, (iv) no dynamic treatment
effects, i.e., treatment effects are assumed to be homogeneous and constant over time and (v)
the stable unit treatment value assumption (SUTVA) which states that the potential outcomes
of any given unit are not affected by the treatment status of other units.

Importantly, the model specification described by (3) mitigates or rules out most of the
aforementioned assumptions. First, the parallel trends assumption is relaxed since unob-
served time-varying confounders that cause its failure are modelled by the interactive fixed
effects term /11.T ft- In fact, the latent factors f; can be understood as time-varying parame-
ters that model unobserved confounders which are common across the EU regions but exert
a heterogeneous impact on each region; this region-specific effect of the unobserved con-
founders is the parameter A;, also known as the factor-loading parameter. Furthermore, the
interactive fixed effects term rules out the additive separability accounting for richer cross-
sectional dependence. Notably, this is particularly useful in regional policy evaluation, where
units considered to be in close proximity (either geographical or based on economic consid-
erations, e.g. due to trade) may respond differently to unobserved shocks. Furthermore, as
already noted, our considered approach results in the estimation of heterogeneous causal
effects 7;; across time and regions, with the ATT for each time ¢ being estimated as

— 1

ATT,

= N, ng/VT”. 4)
Overall, the identification of causal effects provided by the factor modelling approach in
relies on the following two assumptions: (i) strict exogeneity of treatment, i.e., treatment as-
signment is assumed to be uncorrelated with the idiosyncratic error after controlling for the
latent factors and thus rules out endogenous treatments (ii) the potential outcomes of one
unit should not be affected by the treatment status of another unit. Notice, that (ii) is a re-
laxed form of SUTVA since the interactive effects in can capture unobserved common
shocks, such as sectoral linkages, trade flows, or institutional similarities that may lead to
correlated outcomes.

5.2.1 Estimation of causal effects

To estimate y;;(0), for i € A and t > T;, we fit the model in by discarding all the post-
intervention data. In particular, following Athey et al.| (2021) we consider the partially ob-
served outcome matrix Y € RV*T in which

¥i:(0), ifi¢V¥and t=1,...,T,
Yie =14 it (0), ifieAandt<T;,
missing, i€./ andt> T;.
Then, the model in (3) implies that
Y=L+E, (5)

where L is a N x T low-rank matrix representing the underlying structure of the data with
elements L;; = AI.T ftand E is also a N x T matrix with elements ¢;;. Clearly, from (5) we have
both for the observed and the missing entries in Y that

Yit=Lir+€ig,
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The goal is to estimate the entries L;; that correspond to the missing entries in Y. To achieve
this we employ the matrix completion with nuclear-norm regularization method developed
recently by Athey et al.[(2021). In particular, given the observed entries in Y indexed by & c
{1,...,N} x{1,..., T}, the estimation of L is formulated as a convex optimization problem of
the form

izargmLin||P@(Y—L)||§;+)1||L||*, (6)

where Ps((Y — L)) denotes the projection operator that retains entries in & and sets others to
zero, | P (Y — L)|| g is the Frobenius norm of the matrix Pg(Y — L), || L| « is the nuclear norm
(sum of singular values), which promotes a low-rank solution and A is a tuning parameter
controlling the trade-off between fit and complexity; see Appendix[A|for the definitions of the
Frobenius and nuclear norms as well as for more details on solving the minimization problem
in (). Finally, having at hand the estimators L;; we estimate the causal effects for the treated
units, i.e., fori € A and ¢t = T}, as

tir=Yir— Pi1(0) = yir — Liy.

6 Results

In this section we present the empirical estimates of the impact of Cohesion Fund payments
on regional economic performancellj] The section is organized as follows: firstly, in sec-
tion[6.1jwe present the average treatment effect on the treated. Next, in section[6.2} we delve
into the heterogeneous nature of the effects on the level of regional GVA per capita, focusing
both on the sub-national (regional) and the national level. Then, in sectionwe turn our
attention on the growth effects of the Cohesion Fund expenditures. Lastly, section [6.3] pro-
vides some graphical evidence on the nonlinear nature of the relationship between funding
intensity and its GVA effects.

6.1 Average Treatment Effect

We start by presenting the average treatment effect across all regions as estimated in section
specifically, see equation (@). Figures[2]and [3| present the average treatment effect on
the y-axis against years relative to treatment for GVA per capita and Gross Fixed Capital For-
mation (GFCF), respectively. The vertical red line that crosses the x-axis in year 0 represents
the initial year in which each region received CF payments. Note that this year might differ
for each region as EU countries became eligible for the CF payments at different years and,
as such, the regions in our sample received payments at different points in time. Thus, the
treatment effect is shown by the black line for each year that follows the zero year. The grey
shaded area represents the upper and lower bound of the 95% confidence interval calculated
using a parametric bootstrap technique as inXu (2017) (see Appendix[A|for more details).

Figures[2|and [3|show that on average CF payments have a persistent positive effect on both
the GVA and GFCF of a region that receives them (treated) compared to the counterfactual
scenario where these funds are not provided by the EU[r_r] Our methodology allows us to pro-
vide a quantification of the average GVA effect in the regions which were eligible for Cohesion

10The estimation is conducted by using the gsynth library (Xu and Liu} 2021) in the statistical software R (R
Core Team, |2021)

“Figurein Appendix plots both the observed and the respective estimated counterfactual average GVA
in logs as well as in growth rates. Their difference is the average treatment effect presented in[2} Additionally,
Figuredepicts the same series for the growth rate of GVA.

14



Fund payments. Specifically, on the seventh year under treatment the average treatment ef-
fect is equal to 0.086 (in logs), while for the entire period it averages to 0.05. Similarly, for
the 14th year under treatment, the average treatment effect is equal to 0.091, while for the
second 7-year period it is equal to 0.097 on average. This implies that, for the hypothetical
EU27 average region, GVA per capita increases by €468 more than it would under the coun-
terfactual scenario (i.e., without CF support)E] After 14 years the average treatment effect is
equal to 0.075 in logs. This implies that the hypothetical EU27 average region, GVA per capita
increases by €330 more than it would under the counterfactual scenario. Following similar
calculation, the hypothetical EU27 average region, GFCF per capita increases by €385 and
€415 more than it would under the counterfactual scenario after 7 and 14 years under treat-
ment, respectively. Lastly, as can be seen from the Figures, the majority of this rise occurs in
the first seven years, while further gains beyond that period are relatively smaller. This is a
first indication that the impact of the Cohesion Fund is, on average, frontloaded.

"7 Time of intervention ~

AT,

" " Time of intervention

-i2irlo9-8-7-6-5-4-3-2-10 12 3 4 56 7 8 91011121314151617181920212223 24 124110987 -6-5-4-3-2-10 12 3 45678 9101112131415161718102021222324
Time relevant to treatment Time relevant to treatment

Figure 2: ATT/ for GVA Figure 3: AT T/ for GFCF

Note: Average Treatment Effect on the Treated (ATT) over time (black solid line) and 95% credible intervals (gray
shaded area) for the log of GVA per capita (left panel) and the log of GFCF (right panel).

6.2 Heterogeneous effects
6.2.1 Quantitative analysis of the heterogeneous effects

The previous section focused on the average treatment effect across all regions that have re-
ceived CF payments. However, a key advantage of our empirical strategy is that it allows us
to explore the heterogeneous effects of CF across the different regions in our sample. Specif-
ically, Figure [4| presents the entire distribution of the GVA effects across treated regions at 7
and 14 years after receiving CF for the first time along with the average effect across all years.
Similarly, Figure[5|displays the analogous distributions for the GFCF effect.

Avisual inspection of Figures|4|and |5|shows significant heterogeneity in the quantitative
effect of CF in EU regions. This finding is novel, as most existing papers usually limit their

1211 this hypothetical EU27 average region, GVA per capita rises by €2,168 over the first seven years of treat-
ment—from €9,064 in the first year to €11,232 in year seven. Under the counterfactual scenario, the correspond-
ing increase is €1,700 —from €8,928 to €10,628 in year seven.
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analysis to the estimation of an average effect across regions, ignoring any potential hetero-
geneity. Both Figures suggest that the heterogeneous impacts should be closely accounted
for and studied, as they can provide valuable information to EU policymakers regarding the
optimal allocation of EU resources. Indicatively, the observed heterogeneity could be related
to the intensity of the treatment, i.e. the size of the Cohesion Fund expenditures relative
to GVA. If a maximum desired intensity is identified, this provides flexibility to re-allocate the
resources and achieve better outcomes. We touch upon this issue in more detail in secton|6.3

Figure 4: Distribution of GVA effects
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Table[4] presents summary statistics for the distribution of the CF effects on regional GVA.
These results indicate that the inclusion in the CF program has a predominantly positive im-
pact on the majority of treated regions (see first row). However, this positive effect is front-
loaded, meaning its intensity concentrates in the first 7 years. Specifically, during the first
seven-year cycle, 64.5% of treated regions experience positive effects, but this reduces to 49%
after 14 years. On average, a 60% of treated regions benefit from the CE The skewness of
the distribution (see second row) reveals that the treatment effect is positively skewed in the
first seven-year cycle. This indicates a longer right tail, implying that some regions experi-
ence significantly higher positive effects. However, over time, skewness decreases during the
second seven-year cycle (see 14 years). This suggests that large positive effects become less
pronounced. The evolution of kurtosis further support the above evidence (see third row).
During the first seven-year cycle, the distribution exhibit higher kurtosis which implies rel-
atively thicker tails. As can be seen, in our case, the right side (positive effect) is thicker.
Over time, however, kurtosis declines which indicates that the distribution becomes flatter
and more symmetric. This suggests that the effects of the CF program become more evenly
distributed and milder across regions.

Table 4: Summary statistics for the distribution of the regional effect on GVA per capita

7years l4years Average

% of regions with 7; > 0 64.5 48.9 60.4
Skewness 0.81 -0.06 0.15
Kurtosis 3.81 2.33 2.42

Table 5| presents summary statistics for the distribution of CF effects on gross fixed cap-
ital formation (GFCF). Although most of the patterns observed for GVA effects hold, some
interesting differences emerge. Specifically, the impact of the CF on regional investment is
significantly larger in magnitude, affecting a higher percentage of treated regions. Almost
90% of the treated regions experience a positive effect on their investment within the first 7
years compared to 64.5% for GVA. This proportion decreases over time, and 62. 5% of the
treated regions still have a positive impact after 14 years. Both skewness and kurtosis are
higher than the respective metrics of the GVA distribution. This indicates a more pronounced
right-skewed shape with fatter tails. In other words, the distribution is more concentrated
in the right tail which indicates positive effects on GFCE These findings align with the core
objective of the CF program, which is designed to stimulate investment and infrastructure
development in less developed EU regions. Our results confirm that CF funds play a par-
ticularly strong role in boosting capital formation, with a frontloaded effect on investment.
Additionally, this seems to affect the GVA over a longer horizon. Thus, these findings suggest
that the increase in GVA occurs through the stimulation of investment.

Table 5: Summary statistics for the distribution of the regional effect on gross fixed capital
formation

7years 1l4years Average

% of regionswith7; >0  89.6 62.5 81.2
Skewness 1.16 0.15 0.51
Kurtosis 5.12 2.62 3.58
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6.2.2 Geographical analysis of the heterogeneous level effects

This section illustrates the geographical dispersion of EU Cohesion Fund’s policy impact
across Europe. To do this, we categorize regions into five percentiles based on their effects
on GVA and GFCF ranging from the lowest (light colors—yellow) to the highest (dark col-
ors—red). Figure[f|maps the GVA effect across geographical regions.

A distinct spatial pattern emerges from the visual inspection of the map. The smallest ef-
fects of the Cohesion Fund, represented by lighter colors (yellow), are concentrated in South-
ern Europe. In contrast, the largest effects are observed in Eastern Europe (red), while gray-
shaded regions, corresponding to Northern Europe, were not eligible for CF support.

This pattern reveals a new geographical division within Europe. In this case, Southern
Europe, which consists of relatively wealthier regions, experiences weaker CF effects com-
pared to Eastern Europe, where poorer regions benefit the most from such a policy. As such,
the newest Member States that gained their EU status post-2000 are the ones that seem to
reap the benefits of the Cohesion Fund assistance. A similar pattern though less pronounced
is apparent when focusing on the effects on GFCE The largest effects are again observed in
Eastern Europe, while Southern Europe experiences milder impacts. It is interesting to note
here that in the 14-year case, Spanish regions exhibit positive effects on investment.

Effects of the Cohesion Fund on GVA per capita (logs) Effects of the Cohesion Fund on GVA per capita (logs)
Tth year under treatment 14th year under treatment

Note: 36 regions with negative effects Note: 39 regions with negative effects

Figure 6: Geographical Dispersion of GVA effects
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Effects of the Cohesion Fund on Investment (logs) Effects of the Cohesion Fund on Investment per capita (logs)
7th year under treatment 14th year under treatment
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Figure 7: Geographical Dispersion of GFCF effects

6.2.3 Heterogeneous impact of the Cohesion Fund on GVA growth

In this section we focus our attention on the regional growth effects of the Cohesion Fund
expenditures. Specifically, Tab1e|§| compares the observed GVA growth, gg' , from the year of
initial treatment with its counterfactual GVA growth as estimated in Section[5.2.1} That is the
growth that a region would have experienced had it not received the CE The counterfactual
GVA growth for the ¢-th year after treatment, gg’ , is computed as:

gg’ = [log(ﬁ\_/ﬁt) - log(GVAo)] x 100 )

where GVA, represents the GVA at the beginning of the programming period and GVA; is
the estimated counterfactual GVA at the end of the #-th year after the treatmentE| To bet-
ter assess the heterogeneous effects, we categorize the treated regions into five percentiles
(column 1) based on their initial GVA per capita (column 2). The observed and counterfac-
tual GVA growth rates, shown in columns four and five, respectively, are the average growth
across regions of each percentile. We do this over two consecutive 7-year cycles, mimicking
the actual 7-year budgeting programming periods of the EU.

B3TaplelC.1|in Appendix|Clrepeats the same analysis, excluding outlier regions based on the pre-treatment RMSE
pp P y g g p
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Table 6: GVA per capita growth rates by years under treat-

ment (group averages)

‘ Percentile ‘ Initial GVA ‘ g’,in% | g¥,in% | g¥-g” ‘

‘ Effect After First 7-Year Treatment Period

0-10th 4137.21 32.7 11.2 21.5
10th-25th 5273.65 28.8 10.01 18.79
25th-50th 8416.783 24.9 12.55 12.35
50th-75th 11928.78 15.57 14.01 1.56
75th-90th 17153.59 11.58 15.67 -4.09

Effect After Second 7-Year Treatment Period

0-10th 4137.21 7.5 5.3 2.2
10th-25th 5273.65 9.4 11.3 -1.9
25th-50th 8416.783 8.09 5.57 2.52
50th-75th 11928.78 9.99 9.89 0.10
75th-90th 17153.59 11.89 13.56 -1.67

Notes: Initial GVA refers to the GVA per capita in the first year of the treat-
ment. The last two columns depict the overall period growth rate for the
cases in which the region is treated and the counterfactual, respectively.

Table [6] yields some interesting findings. The impact of EU’s Cohesion Fund is front-
loaded, peaking within the first seven years of inclusion in the program. However, the effects
exhibit significant heterogeneity, with a clear negative relationship between the initial GVA
per capita and the estimated impact. That is, the regions that have benefited the most are
those in the lower percentiles of the initial GVA distribution - specifically, those below the
50th percentile. Regions belonging in the 0-10th, 10th-25th, and 25th-50th percentiles expe-
rienced an overall GVA growth that was 21.5, 19 and 12 percentage points higher than their
respective counterfactual scenario (i.e., in the absence of EU funding), respectively. In con-
trast, the benefits in terms of GVA growth diminish for the relatively wealthier regions, such
as those in the 50th-75th percentile. For the highest-income regions, the effect turns to neg-
ative. This suggests that the Cohesion Fund may have had limited or even adverse effects in
the wealthiest regions. When comparing across different funding cycles, we observe that the
growth effects persist but diminish significantly over time. However, it is important to note
that the second cycle, i.e., the 14 years under treatment, overlaps with the Global Financial
Crisis, which may have affected the outcomes. Nonetheless, even during the Crisis period, it
seems that the CF payments seem to have assisted a large number of recipient regions across
the initial GVA distribution to attain an average GVA growth rate larger than the counterfac-
tual case.

Table[7]is analogous to Table[6|but it computes overall investment growth. The counter-
factual investment growth, g7, is defined similarly to equation . For comparability with the
above discussion, we categorize treated regions into the same five percentiles based on their
initial GVA per capita. The results reinforce the discussion on the heterogeneous GVA effects
discussed above. As with GVA growth, the impact of the EU’s Cohesion Fund on investment
overall growth is frontloaded, peaking within the first seven years. The effect is also more
pronounced in relatively poorer regions, with the higher impact estimated for the poorest 0-
10th percentile, followed by the 10th-25th and 25th-50th percentiles. Compared to the effect
on GVA growth, the effect on overall investment growth is significantly larger in magnitude.
For instance, the poorest percentile experienced an investment growth rate that was 57.45%
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percentage points higher than in the counterfactual scenario (i.e., without EU funding). This
impactis more than 2.5 larger than the estimated effect on GVA growth. This is intuitive as the
CF is designed and targeted to stimulate investment and infrastructure in relatively poorest
EU regions. Another key difference is that while the effects on GVA growth persist, the benefit
to investment growth dissipate faster in the second-year cycle.

Table 7: Investment growth rates by years under treatment
(group averages)

‘ Percentile ‘ Initial GVA | g/,in% | g/,in% | g'-g! ‘

‘ Effect After First 7-Year Treatment Period ‘

0-10th 4137.21 66.67 9.22 57.45
10th-25th 5273.65 48.38 6.22 42.16
25th-50th 8416.783 25.99 7.74 18.25
50th-75th 11928.78 32.48 17.45 15.03
75th-90th 17153.59 32.87 21.47 11.40

Effect After Second 7-Year Treatment Period

0-10th 4137.21 -19.09 -11.14 -7.95
10th-25th 5273.65 -0.80 -5.26 4.46
25th-50th 8416.783 -7.47 -4.89 -2.58
50th-75th 11928.78 13.66 4.52 9.14
75th-90th 17153.59 25.71 12.68 13.03

Notes: Initial GVA refers to the GVA per capita in the first year of the
treatment. The last two columns depict the overall period growth rate
for the cases in which the region is treated and the counterfactual, re-
spectively.

6.2.4 Analysis of the effects by country

Given that the Cohesion Fund is, by design, allocated to countries (rather than to regions,
as with the rest of the EU’s Structural Funds) it is informative to examine the economic im-
pact of the Cohesion Fund at a more aggregate level. In particular, given that we have esti-
mated region- and time-specific treatment effects we can use equation (4) in order to obtain
country-specific treatment effects (i.e. in this case the set .4 contains the NUTS2 regions of
each of the eligible countries).

The following Tables[8land [9] present the country-specific treatment effects for GVA per
capita and investment, respectively, in the 7th and 14th year under treatment. We rank the
countries in ascending order based on their initial GVA per capita, starting with the lowest
initial GVA per capita, i.e., Bulgaria, and ending with the highest, i.e., Cyprus.

As expected, most of the results observed at the regional level are confirmed when aggre-
gated at the country level. Specifically, the impact of the EU Cohesion Fund is frontloaded,
with the largest effects estimated within the first seven-year cycle. Additionally, the mag-
nitude of the impact is negatively correlated with a country’s initial GVA per capita, mean-
ing poorer countries tend to experience stronger positive effects. These differences in GVA
growth stem from the causal impact of regions within each country receiving Cohesion Fund
support. The eight poorest countries in terms of initial GVA —Bulgaria, Romania, Lithua-
nia, Hungary, Latvia, Poland, Slovakia, and Estonia—generally exhibit positive effects on both
GVA and investment growth. As before, the effect on investment growth is more pronounced
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compared to the effect on GVA growth. Romania, Latvia, and Lithuania stand out with par-
ticularly high GVA growth rates over the first seven-year cycle, although some of these gains
diminish over time. In contrast, Hungary and Slovakia display more moderate yet stable pos-
itive effects. The effect on investment growth is more volatile than GVA growth. While Bul-
garia, Romania, Lithuania, and Latvia experience significant investment growth within the
first seven years, their long-term effects tend to decline and/or even turning negative. Poland
and Greece, in contrast, show more sustained investment effects over the two cycles. Cyprus
experiences a dramatic investment decline from the first seven-year to the second seven-year
cycle. Wealthier countries such as Spain and Portugal show weaker or even negative effects,
suggesting diminishing returns to EU funding in economies with higher GVA per capita.

Table 8: Country-specific GVA growth effect, g¥ — g”

‘ GVA pc ‘ Years under treatment

Country ‘ ‘ 7 ‘ 14
Bulgaria (BG) 2991 14.1 3.36
Romania (RO) 4099 32.5 -2.17
Lithuania (LT) 5204 | 27.43 2.8
Hungary (HU) 5254 8.96 -4.29
Latvia (LV) 5300 | 30.93 2.52
Poland (PL) 5898 10.1 7.46
Slovakia (SK) 7352 22.44 7.81
Estonia (EE) 7775 16.42 -7.07
Croatia (HR) 9434 -6.25 3.24
Czech Republic (CZ) | 9925 14.2 -0.61
Portugal (PT) 11954 | -0.35 -5.47
Slovenia (SI) 12334 9.08 -2.92
Greece (EL) 12585 | -1.26 8.14
Malta (MT) 13159 | -4.64 9.47
Spain (ES) 15817 | -4.94 -5.92
Cyprus (CY) 18192 | 0.12 -10.06

Notes: Cyprus, Estonia, Latvia, Malta constitute of only one region; as such, the
average treatment effect is the same irrespective of the level of aggregation. g7
denotes is the growth rate in the treated case and gV is the growth rate in the
counterfactual scenario. The initial year of treatment differs across countries.
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Table 9: Country-specific investment growth effect, g’ — g’

‘ GVA pc ‘ Years under treatment

Country ‘ ‘ 7 ‘ 14
Bulgaria (BG) 2991 66.3 11.24
Romania (RO) 4099 66.98 -12.97
Lithuania (LT) 5204 61.63 -19.45
Hungary (HU) 5254 16.73 6.19
Latvia (LV) 5300 57.91 -23.62
Poland (PL) 5898 6.65 16.37
Slovakia (SK) 7352 9.78 4.02
Estonia (EE) 7775 65.93 -8.21
Croatia (HR) 9434 -0.06 2.11
Czech Republic (CZ) | 9925 15.11 -0.51
Portugal (PT) 11954 | 17.08 -11.84
Slovenia (SI) 12334 | 15.92 -26.23
Greece (EL) 12585 | 19.26 12.62
Malta (MT) 13159 | 22.08 7.54
Spain (ES) 15817 3.63 15.65
Cyprus (CY) 18192 | 29.03 -49.71

Notes: See notes of Table[9]

6.3 Non-linearity

In Figure[8} we plot the effect on GVA (y-axis) against the amount received from the Cohesion
Fund as a share of GVA for each treated region, i.e. the treatment intensity. Each black dot
represents the average “treatment effect” for each treated region. A spline is fitted to these
dots represented by the blue line. Interestingly, a nonlinear relationship between the impact
on GVA and the cohesion funds received as a share of GVA is revealed. This echoes the con-
cept of a maximum desirable level of transfers of Becker et al.| (2012), based on which beyond
a certain level of treatment intensity the impact declines.

At relatively low funding as a share of GVA, the effect on GVA appears small, negligible or
even negative. However, as funding increases, the effect grows, reaching its peak when the
Cohesion Fund accounts for 0.58% of the region’s GVA over the first seven years. Beyond this
point, we observe diminishing returns, where the effect of cohesion funds gradually declines
and eventually becomes zero or even negative at higher funding shares of GVA. Similarly, the
treatment effect peaks when the CF share reaches 0.94% of a region’s GVA for the fourteen
year period On average the maximum effect is achieved when the CF share is equal to 0.54%
of aregion’s GVA.

This nonlinear relationship suggests that the EU policymaker should allocate this type
of funding with caution. On the one hand, increased funding can generate positive effects,
but only up to a certain upper limit where the impact reaches its peak. Beyond this point,
additional funding leads to diminishing returns and may even become counterproductive
above a certain threshold. Our analysis enables us to quantify both the upper bound and the
threshold beyond which further funding results in negative effects.
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Figure 8: Nonlinear effect of Cohesion Funds
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Notes: The red bullet points correspond to the 0.58%, 0.94%, 0.63% and 0.54% of the Real CF expenditure/ Real
GVA for 7, 14, 21 and average across years, respectively.

7 Conclusions

This paper studies the impact of Cohesion Fund payments on regional economic perfor-
mance, focusing on the heterogeneous responses of the EU’s regions to this sub-national
transfers programme. In particular, relying on the matrix completion technique, it disentan-
gles both the region- and the time-specific effects of the policy. Our main results are that
these transfers exert, on average, a positive and persistent effect on both output and invest-
ment, with the majority of the gains materializing in the first seven years under treatment.
Moreover, the relatively poorer regions are the ones reaping the benefits of the programme.
Lastly, we uncover a nonlinear relationship between funding intensity and the size of the ef-
fect.

Our results give rise to some interesting conclusions regarding the evaluation of such pro-
grammes. First and foremost, focusing on a (local) average treatment effect as the single pa-
rameter of interest masks significant information from the policymakers. Specifically, our
finding that the Cohesion Fund transfers exert a larger impact on the poorer regions high-
lights the importance of strengthening its place-based approach. This will allow a more tai-
lored design of the policy, focusing on the core needs of the regions. However, whether this
tailored design should be the result of Member State-based designs is an issue that is left for
future research. Second, the apparent existence of a threshold beyond which the policy ex-
hibits diminishing returns implies that there is scope for a ‘budget-neutral’ redistribution of
the Cohesion Fund payments. Specifically, as also shown inBecker et al.| (2012), there is scope
for a redistribution of the budget that could increase the efficiency of the Cohesion Fund in
terms of regional growth performance and, potentially, enhance the convergence process.
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Appendix

A Technical details of empirical strategy

Definitions

Here, we provide definitions for terms used in Section [5, A real-valued random variable
epsilon is o-sub-Gaussian if for all s e R,

Elexp(se)] < exp(o2 32/2).
For any matrix A and a set of index pairs 0, define the projection matrix

Air, 1,0 €0,

(PeA)ir=
i {0, otherwise.

The singular value decomposition (SVD) of a N x T matrix A writes A = STRT, where S and
U are N x N and T x T matrices respectively and Z is N x T rectangular diagonal matrix with
elements denoted by 0;(A4), i =1,...,min(N, T). The Frobenius norm of a matrix A is defined

as
1/2

IAllF =

’

> 0i(4)?

and the nuclear norm

AL =3 0i(A).

Relation of the TWFE with the interactive fixed effects models

We assume K = 2 latent factorsin 3) and 1;; =1, A;2 €R, fi;eRand foyeRaswellast;; =71
foreachi=1,...,Nand t=1,..., T then (3) becomes

Vit =TDji¢+ fir+A2i +€iy,

which is the TWFE discussed in detail, among others, by/Angrist and Pischke|(2009).

Estimation of the low rank matrix L

Here, we describe briefly the methodology for solving the minimization problem defined by
equation (6) in order to estimate the matrix L; see/Athey et al.| (2021) for more details.

First we note an estimator of L could be also calculated by minimizing the sum of squared
differences,

min — Y — Lip? = min — [Py (Y - D)|12 ®8)
0] 5o it it L o] o P

where 0 c{1,...,N} x{1,..., T} is the set of pairs (i, ) such that y;; is an observed entry in the
matrix Y with potential untreated outcomes. However, the objective in (8) is not useful, as the
estimator simply sets L;; = y;; for observed entries. To address this,|Athey and Imbens|(2017)
introduce the regularization term A|L| in and even more to avoid the regularization of
fixed effects the modify the minimization in (6) to obtain an estimator of the form

PPN 1
L,I,A)=argmin< —
(1.1, 8) = arg {|@|

in ||P@(Y—L—r1}—INAT)||§+M|L||*}, 9)
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where 1y and 17 are N- and T- dimensional vector with ones.

Importantly, the resulting estimator can be computed using fast convex optimization pro-
grams, such as the soft-impute algorithm (Mazumder et al.,[2010) which is briefly described
as follows. For any given matrix A with SVD A = SXRT Athey et al|(2021) define the matrix
shrinkage operator

shrink, (A) = SER', (10)

where in ¥ is equal to X but each singular value o;(A) of the latter is replaced by max(o;(A) —
A,0). Using this, we initialize
Li(A4,0) =Pg(Y),

and iteratively update
Li+1(A,6) = shrink e {Ps(Y) + P3 (Lr(1,0))}. 11

This iteration continues until convergence. Finally, the optimal A is selected via cross-validation
where @ is randomly splitted into K subsets, ensuring that each subset preserves the ob-
served fraction of data. A sequence of candidate values A; > 1, >--- > A = 0 is tested, and
the value minimizing the average squared error on hold-out data is chosen. To expedite com-
putation, each L(A;,04) can serve as a warm-start for computing LAis1,0p).

B Data

As already mentioned in the main text, there are two important issues related to the dataset
of the Cohesion Fund expenditures.

The first concern is related to the timing between the moment when these disbursements
became financial inflows, i.e. the moment when the expenditures actually took place on the
ground and the reimbursement of the funds by the European Commission to the Member
States (for more on this, see European Commission| (2017)). In practical terms, this means
that the dataset includes many gaps as the reimbursement of expenditures by the European
Commission is not made in a timely manner. To circumvent this issue, we make use of the
‘modeled’ expenditures series. This is a series constructed using Monte Carlo simulations
that aim to approximate what the actual expenditure series may look like.

As can be gleaned from Figure the correlation between the modeled and the actual
payments, as shares of GVA, is —on average- very high, with a correlation coefficient equal to
0.93 (see, also, Fiuratti et al.[ (2024) for additional analysis).
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Figure B.1: Correlation between modelled and raw Cohesion Fund payments
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Notes: Scatter plot of modeled and raw Cohesion Fund expenditures. The Figure is based on a sample of 105
regions that are recipients of the Cohesion Fund and 2439 observations.

Another issue is that the data are not reported under a single NUTS2 versiorﬂ rather, we
observe that a mix of NUTS2 versions is included in the data. We proceed with converting all
the data to the NUTS2 2021 version by making use of the NUTS converter developed by the
European Commission’s Joint Research Centre. The converter can be located in the following
link: https://urban. jrc.ec.europa.eu/tools/nuts-converter?lng=en.

14The Nomenclature of territorial units for statistics (NUTS), introduced in 2003, is a geographical nomencla-
ture dividing the European Union territory into regions at three different levels. In this paper, we utilize data
for the NUTS2 level given that this is the level with which EU cohesion policy is concerned. There have been 5
updates to the NUTS versions, the most recent one being introduced in 2021.
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C Tables and figures

C.1 Observed and counterfactual GVA levels and growth rates
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Figure C.1: Observed and estimated counterfactual average GVA in logs.
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Figure C.2: Observed and estimated counterfactual average GVA growth rates.
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C.2 Tables of growth rates excluding outliers

Table C.1: Log-difference of GVA per capita by pro-
gramming period (%) excluding outliers

Period ‘ Regions Observed Counterfactual
1994-1999 32 13.84 18.01
2000-2006 87 22.2 13.8
2007-2013 87 -1.66 0.69
2014-2020 71 224 15.11

Notes: The table depicts the difference between the end and beginning of
period log of GVA per capita. As such, it corresponds to the overall period
growth rate (not the annual average).

The 1994-1999 period actually corresponds to the 1993-1999 calendar
year, as all the regions received a small proportion of the Cohesion Fund
envelope in 1993.

The decline in regions in the 2014-2020 period is due to Spain not being
eligible for the Cohesion Fund.

Table C.2: Log-difference of GVA per capita, years
under treatment (%) excluding outliers

Years | Regions Observed Counterfactual

7 87 20.9 14.2
14 87 9.87 9.33
21 83 4.31 1.78

Notes: For additional notes, see Table
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Table C.3: GVA growth rates by years under treatment

Percentile | Initial GVA | Years under treatment g;reated ,in% | gpPu™e, in %

10th 4137.21 25.7 -9.03
25th 5273.65 23.22 9.33
50th 8416.783 7 Years 18.38 9.54
75th 11928.78 8.06 13.27
90th 17153.59 13.29 22.15
10th 4137.21 -22.33 1.79
25th 5273.65 17.14 8.98
50th 8416.783 14 Years -6.01 1.47
75th 11928.78 20.04 11.52
90th 17153.59 11.66 15.88
10th 4137.21 -3.23 -6.56
25th 5273.65 21.83 8.97
50th 8416.783 21 Years 5.71 2.06
75th 11928.78 -27.8 -5.27
90th 17153.59 -9.15 -8.78

Notes: The last two columns depict the overall period growth rate for the cases in which the region is
treated and the counterfactual, respectively.
Initial GVA refers to the GVA per capita in the first year of the treatment
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