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Abstract. We analyse the macroeconomic impact of the European cohesion policy
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carried out with the spatial dynamic general equilibrium model called RHOMOLO. We use the
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1. Introduction

The main objective of the European cohesion policy is to reduce economic disparities between
European regions, thereby promoting development and growth with a particular attention to the less
developed areas of the European Union (EU). Cohesion policy is the main investment policy of the EU
and it is therefore essential to evaluate its economic impact on EU countries and regions, which is the
subject of a lively academic and policy debate (see, among others, von Ehrlich and Overman, 2020;
and lammarino et al.,, 2019).

Article 57 of the Common Provision Regulation 2014-2020! requires the Commission to carry out an
ex-post evaluation of the European Structural and Investment Funds (ESIF). The macroeconomic
impact assessment of the policy presented in this working paper complements the qualitative and
quantitative work carried out as part of the formal ex-post evaluation.

This analysis updates the macroeconomic impact assessment presented by Crucitti et al. (2022),
which was based on planned expenditure for the period 2014-2020, by using updated data on actual
cohesion policy expenditure that took place between 2014 and 2023. In addition, this analysis
includes the almost €50 billion added in the context of the emergency response to the social and
economic consequences of the COVID-19 pandemic under the Recovery Assistance for Cohesion and
the Territories of Europe (REACT-EU?).

The macroeconomic impact assessment presented here is based on simulations carried out with the
spatial dynamic computable general equilibrium (CGE) model RHOMOLO. The model is developed and
maintained by the Joint Research Centre (JRC) of the European Commission in cooperation with the
Directorate-General for Regional and Urban Policy (DG REGIO).

The interventions financed by cohesion policy have both direct and indirect effects on economies,
which can be difficult to estimate. For instance, programmes implemented in the main beneficiary
countries and regions boost local demand which is partly served by exports from other countries,
notably the more developed Member States which therefore indirectly benefit from these
programmes (see Crucitti et al., 2023). Cohesion policy also entails long-term effects, which are likely
to last long after the termination of the programmes and which must be accounted for to fully capture
the impact of the policy. Finally, cohesion policy needs to be financed and the cost of the policy should
be taken into account.

All these aspects can be addressed in a consistent manner by a spatial dyamic CGE model like
RHOMOLO to gauge the net effect of the policy when it affects the allocation of resources across the
EU economies. The economic foundations of the model are based on the well-established literature
on general equilibrium models. The model itself is presented in numerous articles contributing to this
literature (see, among others, Barbero et al,, 2024a; Crucitti et al., 2024; Gianelle et al., 2024; and
Crucitti et al., 2023). The version of the model used here is calibrated with data for 2017, the
construction of which is explained by Garcia Rodriguez et al. (2023), updating the procedure described
by Thissen et al. (2019).

The RHOMOLO model is well-suited to assess the impact of cohesion policy on EU regions, taking into
account both demand and supply side effects. The model is able to capture both short- and long-
term effects of the policy, taking into account the economic characteristics of the regions and the

! https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32013R1303.

2 REACT-EU extends the crisis-response and crisis-repair measures delivered through the coronavirus response
investment initiative (CRII) and the coronavirus response investment initiative plus (CRII+) and constitutes a
bridge to the long-term recovery plan. See https://ec.europa.eu/regional_policy/funding/react-eu_en for
additional details about REACT-EU.



interactions between them through interregional trade, as well as spillovers and mobility of production
factors.

The analysis covers all expenditures channelled through the European Regional Development Fund
(ERDF), the Cohesion Fund (CF), the European Social Fund (ESF), the Youth Employment Initiative (YEI),
and REACT-EU. In addition to modelling the transmission channels activated by the different types of
interventions (which include, among others, public investment, subsidies to private investment, and
labour market interventions), the simulations also take into account the cost of the policy which is
assumed to be financed by taxes levied in the Member States and regions.

The report is structured as follows: section 2 briefly summarises the literature on the evidence of the
impact of cohesion policy on economic growth and convergence. Section 3 describes the financial
allocation of the policy for the period 2014-2020 and how it is categorised for the RHOMOLO analysis.
Section 4 briefly describes the model. Section 5 presents the results of the simulations at both EU
and NUTS 2 level. Section 6 concludes.

2. The literature on the impact of cohesion policy on growth and convergence

The impact of cohesion policy is the subject of extensive research and debate among academics and
policymakers (Farole et al., 2011). Various studies have examined the effectiveness of cohesion policy
in reducing economic disparities, fostering regional development and promoting growth across the
European Union. In this section, we review the existing literature on the impact of cohesion policy on
such variables, focusing on the methodologies, findings, and key insights that have emerged from
previous research. This literature review excludes qualitative studies (e.g. case studies) and focuses
on quantitative methods, both econometric (dealing with ex-post analyses) and modelling (either ex-
ante or ex-post evaluations).?

One strand of the econometric literature is based on the neoclassical growth framework and uses
econometric estimates of beta convergence models a la Barro et al. (1991). Authors using this
approach typically estimate cross-country or cross-regional growth regressions augmented with
cohesion policy variables. This type of evidence is rather inconclusive as regards the impact of
cohesion policy. Dall’Erba and Fang (2017) provide a meta-analysis of the impact of the ESIF on
regional growth, using the results of 17 different econometric studies published between 1996 and
2013. The estimated policy impacts range from negative to positive, sometimes not significantly
different from zero. One of the main findings of this meta-analysis is that a learning effect may be
at work, as more recent estimates tend to find more positive results, suggesting that the
implementation of cohesion policy has become more effective over time. Similarly mixed results on
the impact of cohesion policy on growth are highlighted by the surveys of Mohl (2016) and Piernkowski
and Berkowitz (2016), who also focus on econometric evidence based on neoclassical growth.*

The growth regressions whose results are analysed by these authors have a number of drawbacks,
mostly related to endogeneity, model uncertainty (including omitted variables), spatial correlation
across geographical areas, and the presence of poor quality controls, which can bias the results. A

3 A review of the literature examining the impact of cohesion policy on variables other than economic growth
and regional convergence is beyond the scope of this paper. It is worth mentioning that there are studies on the
impact of cohesion policy on firm growth (Bachtrogler et al., 2020) and on innovative start-ups (Santoleri and
Russo, 2025), on the resilience of labour markets (Di Caro and Fratesi, 2023), on migration (Cerqua et al., 2022),
on the trade-off between employment and productivity (Bourdin et al., 2024), on household inequality (Psycharis
et al.,, 2024), and on political outcomes (Rodriguez-Pose and Dijkstra, 2021), among other things.

4 Giannini and Martini (2024) study regional convergence in the EU using a machine learning approach and find
that cohesion policy has played a role in promoting it. They also challenge the existing evidence on regional
convergence, thus contributing to the ongoing debate on the topic (see, among others, Cavallaro and Villani,
2021; Monfort, 2020; Bisciari et al., 2020; and Monfort et al., 2013).



key problem is that the decision to invest in certain regions depends on the GDP levels and growth
rates of the regions themselves, which by design makes the policy variable negatively correlated with
the dependent variable of the growth regressions, thereby undermining the robustness of the results
(Brasili et al., 2023; Berkowitz et al., 2020).

Other approaches have been used to assess the impact of cohesion policy on economic growth such
as counterfactual analyses based on regression discontinuity design, which allow for spatially
heterogeneous results.® Such studies exploit the existence of categories of beneficiaries for whom
the policy injection differs significantly between regions that could otherwise be considered relatively
similar, or changes in aid intensity from one programming period to another. The evidence arising
from this literature generally indicates a significant and positive impact of cohesion policy in this
setting, albeit heterogeneously distributed across the EU territories (Crescenzi and Giua, 2020; Cerqua
and Pellegrini, 2018; Gagliardi and Percoco, 2017; Ferrara et al, 2017; Percoco, 2017; European
Commission, 2016; Pellegrini et al.,, 2013; and Becker et al. 2010).

Building on the literature on fiscal multipliers (Blanchard and Perotti, 2002), some authors have
estimated the multipliers associated with the EU structural funds, with mixed results depending on
the time horizon analysed, on the specific funds studied, and on the geographical level of analysis
(Canova and Pappa, 2024; Fiuratti et al., 2023; Durand and Espinoza, 2021; and Coelho, 2019).

A significant part of the literature has convincingly argued that there may be key factors that
condition the impact of cohesion policy on economic growth (Fratesi and Wishlade, 2017), such as
the quality of institutions (Becker et al., 2013; Rodriguez-Pose and Garcilazo, 2015; Aiello et al,, 2019;
Albanese et al, 2021; Incaltarau et al., 2020; Mendez and Bachtler, 2024), fiscal decentralisation
(Bahr, 2008), openness to trade (Ederveen et al., 2006), or the presence of certain assets and
endowments (Pinho et al., 2015).

Model simulations have also been used to analyse the impact of cohesion policy. In general, model-
based simulations tend to support a significant impact of the policy on key economic variables,
especially in the main beneficiaries, and on economic convergence. In this type of studies, it is
generally assumed that funds are spent efficiently on all projects, which may not be the case in all
countries and regions. Moreover, the policy injection is sometimes measured using data on the ex-
ante allocation of funds across regions and intervention areas, which may differ from the actual
expenditure resulting from programme implementation. Model simulations should therefore be seen
as estimates of the potential impact of the policy if implemented as planned.

A number of papers analyse the impact of the policy at the EU or national level using different models
such as GIMF (Allard et al,, 2008) or QUEST (Varga and in 't Veld, 2011a and 2011b; and Monfort et
al, 2017). However, little work has been done using modelling frameworks to generate evidence at
the regional level, which is mainly devoted to single-region or single-country analyses. For example,
De la Fuente (2002) assesses the impact of policy on growth and convergence in Spanish regions
using a supply-side model estimated with regional panel data over a 30-year period. Sosvilla-Rivero
et al. (2006) use the HERMIN model to analyse the impact of structural funds in the Spanish region
of Castilla la Mancha, Fortuna et al. (2016) use a CGE model to analyse the impact of cohesion
investments in the Portuguese Azores, Garau and Lecca (2015) use a CGE model to study the impact
of research and development (R&D) structural funds in the Italian region of Sardinia, while Arcalean
et al. (2012) calibrate a two-region endogenous growth model for Portugal.

Multi-regional general equilibrium models also have the advantage of explicitly accounting for the
spillovers generated by cohesion policy interventions.® The RHOMOLO model is such a model and has
been used extensively to study the impact of cohesion policy. Other multi-regional models include the

5 This can also be done with other methods, such as the geographically weighted regression approach used by
Bourdin (2019), or heterogeneous coefficient modelling (Amendolagine et al,, 2024; Di Caro and Fratesi, 2022).
 There are econometric studies in the literature that account for the existence of spillovers. See, for example,
Kisiata and Stepinski (2024), Fiaschi et al. (2018), Mohl and Hagen (2010), and Ramajo et al. (2008).
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CGE model used by Korzhenevych and Brocker (2020) to study the ESIF impact in Poland and the
Baltic EU Member States, the model used by Mogila et al. (2022) to study the impact of cohesion
policy on intra-country disparities in Romania, Czechia, and Poland (this is a version of the HERMIN
model, see Bradley and Untiedt, 2009), the GMR model used by Varga et al. (2020) to study the
impact of Smart Specialisation in Hungary, and the general equilibrium model used by Blouri and von
Ehrlich (2020) to study the impact of 2007-2013 cohesion policy investments.

The RHOMOLO model has been used to study the impact of cohesion policy programmes on all NUTS
2 regions in the EU over many programming periods. Di Comite et al. (2018) and Crucitti et al. (2022)
focus on the 2007-2013 and 2014-2020 investments respectively, while more recently Christou et
al. (2023) provided an impact assessment of the planned 2021-2027 interventions.” The same model
has been used for more specific cohesion-related analyses focusing on the equity-efficiency trade-
off of the policy (Barbero et al,, 2024a), the impact on EU regional disparities (Crucitti et al.,, 2024),
Smart Specialisation (Gianelle et al., 2024; Barbero et al, 2024b; and Barbero et al, 2022), the
magnitude of regional and international spillovers (Lecca et al, 2020; Crucitti et al, 2023), the
influence of the quality of institutions (Barbero et al,, 2023), and the long-run effects of transport
infrastructure investment (Persyn et al,, 2023).

3. Cohesion policy expenditure 2014-2020
3.1. Overview and distribution over funds and time

For the period 2014-2020, EU funding for cohesion policy amounts to €355 billion, more than 34%
of the total EU budget. Around €50 billion has been added as part of the emergency response to the
social and economic consequences of the COVID-19 pandemic under the so-called REACT-EU. This
brings the total amount injected into EU economies through the ERDF, ESF, CF, and YEI to almost
€405 billion.® Taking into account an implementation period of 10 years due to the N+3 rule,® this
corresponds on average to about 0.4% of EU GDP per year. Table 1 provides an overview of the
financial allocation by fund.

Table 1. Budget by fund (euro, current prices)

Fund Planned amount (€)

CF 61,434,784,152
ERDF 230,005,563,849
ESF 104,402,027,966
YEI 8,960,645,385
Total 404,803,021,352

Source: DG REGIO, Cohesion Open Data Platform (https://cohesiondata.ec.europa.eu/2014-2020/ESIF-2014-2020-
FINANCES-PLANNED-DETAILS/e4v6-qgrrq).

The data used in the analysis refer to expenditure figures up to 31 December 2023. For the sake of
this exercise, we assume full absorption of funds, so that by 2023 the estimated cumulative
expenditure is equal to the total allocation for the programming period (Annex 1 describes how the
data are processed). The assumption of a 100% absorption rate is in line with evidence from previous
programming periods. For example, for the 2007-2013 period, more than 98.5% of the allocation

7 Christou et al. (2024), combine data for the 2014-2020 and 2021-2027 programming periods in a single
simulation analysis (see also European Commission, 2024).

8 In this analysis, we consider the funds managed under cohesion policy. Therefore, we exclude the Connecting
Europe Facility (CEF), some of the funds transferred outside cohesion policy (e.g. transfers to HOME funds,
Invest EU...), instruments managed by the Commission, and EU technical assistance in support of programming.
Data for a limited number of programmes are also missing at the time of writing. The analysis therefore covers
a total amount of around €404,293,374,570.

° The N+3 rule allows funds to be used up to three years after they have been committed which implies that
the programmes are actually implemented over a period of 10 years.

5



was spent. For the 2014-2020 period, the absorption rate is 96% as of August 2024, to a large extent
due to the very significant additional funds injected through REACT-EU in the course of programme
implementation. However, the amounts not yet invoiced to the Commission generally correspond to
actions that have already taken place on the ground, so this working assumption of a 100%
absorption rate may not be too far from reality.

Figure 1 shows the total annual expenditure from 2014 to 2023, highlighting the increase in annual
amounts over time, while Figure 2 goes into more detail and shows the same data broken down by
fund and time. The expenditure data start in 2016, i.e. the years 2014 and 2015 show zero
expenditure. This can be explained by two factors:

(1) In the first years of the programming period, programmes have to be negotiated and adopted
before starting;

(2) The data presented correspond to the reimbursement claims submitted by the managing
authorities in the Member States to the European Commission following the start and
implementation of projects in the EU regions. Therefore, actual expenditure may in some
cases take place prior to the reporting year (see Lo Piano, 2020).

As a result, with the exception of the YEI, the annual share of expenditure increases over time. This is
also explained by the implementation of REACT-EU, which increased the ERDF allocation by 14.96%
and the ESF by 23.51%.

Figure 1. Total expenditures (in billion €), across years; all funds
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Figure 2. Total expenditures (in billion €), across years and funds
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3.2. Distribution of resources among geographical areas and fields of intervention

Investment is concentrated on key areas of intervention to promote growth and development. For the
purposes of data presentation and subsequent modelling analysis, we group cohesion policy
expenditure into the following six fields of intervention which are then modelled differently in
RHOMOLDO to reflect the different transmission channels through which policy interventions affect the
economies of Member States and their regions:

1. RTD: support for R&D (research, technological development and innovation, creation of
networks and partnerships between companies and/or research institutes);

2. AIS: support to the private sector (support to small and medium-sized enterprises, facilitation
of credit, support to improve tourism and cultural services);

3. TRSNP: investment in transport infrastructure;

4. INFR: investment in non-transport infrastructure (telecommunications, energy,
environmental, health and social infrastructure), possibly linked to industrial processes;

5. HC: investment in human capital (education and training, active labour market policies, and
other labour market interventions); and

6. TA: technical assistance (administrative capacity building, monitoring, and evaluation).

The distribution of funds between the above fields of intervention varies from region to region and
therefore from Member State to Member State, reflecting the policy mix resulting from the design of
the programmes. Table 2 provides a breakdown of the allocation of funds by Member State and by
field of intervention. In general, the less developed regions and Member States have a higher share
of funding allocated to transport and other infrastructure-related interventions (TRNSP and INF). In
contrast, the more developed regions and Member States allocate a higher share to support for R&D,
the private sector, and to investment in human capital (RTD, AlS, and HC, respectively). For example,
in Poland 35.4% of the funds are allocated to transport infrastructure (TRNSP), while in Lithuania
42.3% are allocated to investment in non-transport infrastructure. In contrast, the Netherlands
allocates only 0.6% (lowest of all Member States) and 10.0%, respectively, to these areas, but more
than 37.4% to RTD (highest of all Member States) and 42.5% to HC,



Table 2. Cohesion policy allocation by Member State, per field of intervention, % of total allocation

Country RTD AIS TRNSP INFR HC TA Total
AT 218 18.0 34 158 37.8 3.2 100
BE 18.8 10.2 47 146 48.1 3.5 100
BG 10.0 15.8 236 256 22.0 3.1 100
Cy 9.6 7.0 133 399 275 27 100
4 141 39 257 36.0 16.4 4.0 100
DE 266 96 27 195 38.2 33 100
DK 357 154 2.0 6.4 36.6 38 100
EE 211 2.1 139 433 16.8 29 100
EL 64 26.0 123 269 257 26 100
ES 10.5 6.7 6.0 413 34.1 1.5 100

Fl 32.2 203 26 58 35.2 37 100
FR 145 64 6.5 309 38.1 3.5 100
HR 9.2 15.0 129 36.5 226 3.8 100
HU 8.8 16.2 173 337 226 14 100

IE 6.0 18 0.9 353 54.0 19 100

IT 9.5 12.4 7.7 232 447 25 100
LT 16.7 43 154 423 18.3 3.1 100
LU 6.3 0.1 159 28.1 48.0 16 100
LV 155 4.2 231 37.5 16.6 3.1 100
MT 7.1 53 123 404 326 23 100
NL 374 6.0 0.6 10.0 425 3.5 100
PL 16.8 2.2 354 270 155 3.2 100
PT 16.6 17.2 6.4 24.6 335 1.8 100
RO 4.2 7.8 31.0 319 22.0 3.2 100
SE 255 115 4.6 87 45.9 39 100

Sl 232 8.7 133 30.1 215 33 100
SK 7.9 51 254 27.2 304 4.0 100
UK 233 13.1 57 12.0 43.4 25 100

EU-28 13.6 9.1 17.0 289 28.5 2.8 100

Source: DG REGIO.

Figure 3 shows the geographical distribution of the funding, which reflects the objective of cohesion
policy to promote a balanced development of the EU and to reduce disparities between EU regions. A
large part of the funding is therefore concentrated on less developed regions and Member States. To
determine eligibility for the ERDF 2014-2020, cohesion policy distinguishes three groups of regions
according to their level of development. The group of less developed regions (LD) includes regions
with a GDP per capita of less than 75% of the EU average, the so-called transition regions (TR) have
a GDP per capita between 75% and 90% of the EU average, and the more developed regions (MD)
have a GDP per capita of over 90%.*°

10 These groups have been constituted in 2011 based on the average GDP per head for the years 2007, 2008 and
2009. The composition of the groups has then been frozen, and it is therefore constant throughout the whole period
of analysis.



Figure 3. Cohesion policy allocation 2014-2020, % of base year GDP, yearly average
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For this analysis, all national or multiregional programmes have been regionalised at NUTS 2 level on
the basis of their geographical coverage and the proportion of the population of the beneficiary
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regions. Around 63% of the funding is directed towards the less developed regions of the EU (Table
3). Aid intensity is also highest in these regions, with an average of €298.8 per inhabitant per year,
more than five times higher than in the more developed regions.

Table 3. Population, cohesion policy allocation, and aid intensity, across categories of regions

Regions Share of population* (%) | Share of funding (%) Aid intensity
Less developed 242 62.7 2928
Transition 136 125 103.9
More developed 62.3 249 450
EU-28 100.0 100.0 11295

* Average 2014-2020. Note: Aid intensity is measured in euro per inhabitant and per year.
Source: Eurostat and DG REGIO.

In some Member States, cohesion policy represents a significant injection of funds, up to 1.8% of
base year GDP (2017) on average in Croatia and Hungary. For some less developed regions, the
funding is even higher, for example in the Regido Auténoma dos Acores in the Azores/Portugal or in
Eszak-Alféld in Hungary, where the policy injection exceeds 4% of GDP per year on average (Table 4).

Table 4. Top 10 regions in terms of cohesion policy funding relative to GDP

Region Cohesion policy funding, % base year GDP
PT20, Regido Auténoma dos Agores 4.2%
HU32, Eszak-Alfold 4.1%
HU23, Dél-Dunantul 3.9%
HU33, Dél-Alfold 3.6%
HU31, Eszak-Magyarorszag 3.6%
PL62, Warminsko-Mazurskie 3.4%
PL81, Lubelskie 3.2%
PL82, Podkarpackie 3.1%
PL84, Podlaskie 3.1%
PL72, Swietokrzyskie 3.0%

Source: Eurostat and DG REGIO.

In terms of the temporal distribution across regions, Figure 4 shows the total absolute expenditure
over time in the three groups of regions identified above. The less developed regions had higher
absolute expenditure in all years, in line with the higher allocation (see also Table 3). Figure 5 shows
the proportions of allocations spent by the regions, indicating the absorption rates. For the initial
allocations (all funds, excluding the REACT-EU allocations), the more and less developed regions have
the highest absorption rates, while the transition regions lag slightly behind. However, when initial
allocations and REACT-EU allocations are considered together, the less developed regions have the
fastest absorption rates, in line with the fact that REACT-EU allocations were relatively higher for the
more developed regions (see Annex 2 for more details).

10



Figure 4. Total expenditures (in billion €), across years and regions; all funds
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Figure 5. Cumulative annual share of expenditures within categories of regions, across years and regions; all

funds
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" For example: If one of the three groups of regions had an initial allocation total of €210 billion and an additional
allocation of €10.5 billion in the context of REACT-EU, then the graph will reach 100% for the initial allocation
and 100 * (€210 billion + €10.5 billion) / €210 billion = 105% in total, i.e. 100% + 5%.
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4. The RHOMOLO model setup and the simulation strategy
4.1. Model description

The economic foundations of the spatial dynamic RHOMOLO model are based on the well-established
literature on CGE models. In brief,'? the model is calibrated to a set of integrated EU regional social
accounting matrices (SAMs) for the year 2017, which include all the standard information of input-
output tables on the production and use of goods and services, as well as information on the
secondary distribution of income, detailing the roles of labour and households (Garcia Rodriguez et
al,, 2023).

The model economies are divided into ten economic sectors (based on the NACE Rev. 2 industrial
classification). Households consume a fixed proportion of their income and firms are assumed to
maximise profits and produce goods and services according to a constant elasticity of substitution
production function. Governments collect revenue and spend it on public goods and transfers (both
tax rates and transfers are exogenous in the simulations presented in this paper). Capital and labour
are used as factors of production (public capital also enters the production function as an unpaid
factor, following Barro, 1990, and Baxter and King, 1993, among others). Trade in goods and services
- within and between regions - is modelled following Armington (1969) and is assumed to be costly,
with transport costs increasing with distance (Krugman, 1991). The valuation of transport costs is
based on a transport model by Persyn et al. (2020). Regional economies are typically more open than
national economies due to their smaller size, and this is accounted for in the model thanks to regional
trade flows and the relatively high elasticity of substitution between domestic and imported goods
and services (Németh et al,, 2011; Olekseyuk and Schiirenberg-Frhosch, 2016).

This setup ensures that the model captures the existence of interregional spillovers through trade
flows and capital mobility, leading to endogenous firm location. Trade links imply that changes in
economic activity in one region trigger changes in the regions of trading partners. The model also
borrows from economic geography and incorporates a notion of spatial equilibrium, in which the
balance between agglomeration forces (due to increasing returns to firms' technology) and dispersion
forces (due to competition between rival varieties) determines the location of firms and workers.
Policy shocks in a given region affect this equilibrium, leading to a redistribution of firms across space.

The base year is assumed to correspond to a steady state that does not change unless perturbed by
the introduction of exogenous shocks. The interest rate is exogenous to the model and fixed at 4%.
RHOMOLDO is used for scenario analysis in the sense that shocks mimicking the effects of policies are
introduced to perturb the initial steady state calibrated with the SAMs, resulting in different values
for the model's endogenous variables such as GDP, employment, imports and exports, prices, and
others. The model is solved in a recursively dynamic process, where a sequence of static equilibria
are linked by the law of motion of the state variables. This implies that economic agents are not
forward-looking and their decisions are based solely on current and past information.

4.2. Simulation strategy

In order to simulate the impact of cohesion policy in RHOMOLO, each of the six intervention fields
defined in section 3.2 is associated with a set of model shocks designed to capture the economic
transmission mechanisms that it is most likely to activate. More specifically, one or more model
shocks are used to simulate each of the six fields of intervention (each one containing several of the
123 spending categories of the policies defined by the legislation, see European Union, 2014). The
model shocks can be divided into demand-side shocks (with temporary effects) and supply-side
shocks (with more permanent structural effects on the economy). The relationship between the shocks
and the intervention areas is as follows:

12 A full explanation of its functioning is beyond the scope of this paper (all model equations are presented in
Lecca et al,, 2018).
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RTD: Investment in R&D is modelled as an increase in private investment via a reduction in the
user cost of capital, which temporarily increases the stock of private capital (in the production
function, the capital-labour elasticity of substitution is 0.4, in line with, among others, Chirinko,
2008, and Leon-Ledesma et al., 2010). Moreover, these investments are assumed to increase
total factor productivity (TFP) according to an elasticity that ranges between 0.01 and 0.04 and
depends on the regional R&D intensity (the estimates are in line with the existing literature, see
Mannasoo et al., 2018; Kancs and Siliverstovs, 2016; Bronzini and Piselli, 2009; and Griffith et al.,
2004).

AIS: Aid to the private sector is modelled as an increase in private investment through a reduction
in the user cost of capital, as for RTD investment, but with no impact on TFP.

TRNSP: Investment in transport infrastructure is assumed to have both demand-side and supply-
side effects. Demand-side effects are generated by the temporary increase in government
consumption, which accounts for the purchase of goods and services needed to build the actual
infrastructure. On the supply side, these investments are assumed to reduce transport costs,
thereby lowering the prices of goods, and stimulating trade flows (Ignatov, 2023). The induced
reduction is based on the estimates obtained with the full transport cost model by Persyn et al.
(2020) for the 2014-2020 cohesion policy investments in transport infrastructure.

INFR: Investment in non-transport infrastructure, such as electricity networks, water treatment
plants, and waste management facilities, is modelled as public investment when linked to
industrial processes, and otherwise as government consumption (in the latter case there are only
temporary demand-side effects). In addition to increasing demand, public investment also has
supply-side effects, as it temporarily increases the stock of public capital and thus stimulates the
production of goods and services. We set the output elasticity of public capital at 0.1, in line with
Ramey (2020) and slightly below the average of 0.12 found in the meta-study by Bom and
Lightart (2014).1* We set the congestion parameter of public capital to 0.5, which corresponds to
a medium level of congestion (Alonso-Carrera et al., 2009; a value of zero would make public
capital a pure public good).

HC: Investments in human capital are assumed to increase demand through government current
expenditure. They are also assumed to have two alternative supply-side effects, depending on
the nature of the interventions. On the one hand, the categories of expenditure related to human
capital development, such as training, retraining, and upskilling, are assumed to increase labour
productivity. The main assumption behind this effect is the increase in productivity caused by an
additional year of training, which we take from the country-specific estimates of Psacharopoulos
and Patrinos (2018a and 2018b) and is consistent with the evidence from Mincer (1974) type
estimates in the literature (see also Card, 2001; De la Fuente and Ciccone, 2003; and Canton et
al, 2018). The cost of one year of tertiary education per capita (source: OECD, 2018) is used to
calculate the amount of training implied by the HC funds of cohesion policy. On the other hand,
interventions aimed at promoting the socio-economic integration of marginalised communities,
participation in the labour market or the modernisation of labour market institutions are assumed
to generate an increase in aggregate labour supply (in this case, we use the cost of one year of
secondary education as the cost per pupil for the calibration of the shock).

TA: Technical assistance is modelled as a demand-side shock increasing current public
expenditure with no supply-side effects.

We also assume that all supply-side effects decay over time. Thus, changes in labour productivity,
TFP, and transport costs are all assumed to decay at an annual rate of 5%. In addition, the stocks of
private and public capital have a depreciation rate of 15% and 5%, respectively (a larger depreciation
rate of private capital relative to public capital is a common assumption in the literature, see e.q.

13 Foster et al. (2023) review the literature and highlight the uncertainty surrounding the magnitude of the
output elasticity of public infrastructure investment.
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Bom, 2017). This implies that, in the absence of further investment, the structural effects associated
with the policy gradually disappear and the economy returns to its initial steady state.

The model simulations take into account the fact that cohesion policy is financed by Member States'
pro rata contribution to the EU budget, which is assumed to be proportional to the weight of their
GDP in the EU GDP. The Member States' contribution to the part of the EU budget corresponding to
cohesion policy is assumed to be financed by a lump-sum tax, which reduces the disposable income
of households, thereby negatively affecting economic performance and partly offsetting the positive
effects of the programmes.?* This implies that a larger share of Member States' contributions to
cohesion policy comes from the more developed parts of the EU, while the bulk of interventions take
place in its less developed territories. The next section presents the results of the analysis based on
the policy shocks introduced as explained above.

5. Macroeconomic impact of cohesion policy 2014-2020
5.1. Impact at EU level of cohesion policy 2014-2020

The impact of the policy corresponds to the difference between a scenario with no policy (referred to
as the baseline) and one with the shocks representing the policy, and the results are expressed as a
percentage deviation from the baseline. The magnitude of the impact depends on the size of the
policy injection, but also on the composition of the policy mix (which varies considerably from one
region to another, even within the same Member States) and on the characteristics of the beneficiary
economy, such as its industrial structure, endowment in physical and human capital, or location (which
determines market access and transport costs).

Figure 6 shows the impact on EU GDP of all the cohesion policy interventions described above over
time (magenta line), together with the time profile of cohesion policy expenditure expressed as a
percentage of EU GDP (blue bars), from 2014 to 2045. The impact on GDP rises steadily during the
implementation period, peaking at almost +0.6% in 2023. It then gradually declines after the end of
programme implementation, as the increased private and public capital stock depreciates, while the
increase in labour productivity and TFP, as well as the decrease in transport costs, decline. In 2045,
however, the effects of the policy are still significant as annual GDP remains +0.3% above its initial
level.

14 This means that in the model, the EU regions are not constrained to run a balanced budget and can experience
either deficits or surpluses. The EU budget is exogenously constrained to be balanced, as the amount of spending
incurred by regions and which is financed through the programmes, is repaid with an equal amount of lump-
sum transfers from the households.
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Figure 6. Cohesion policy expenditure and GDP impact at EU level
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Source: RHOMOLO simulations.

Table 5 shows the percentage deviations from baseline for some key macroeconomic variables in
selected years and the cumulative GDP multiplier. The multiplier is the ratio of the cumulative change
in GDP to the cumulative policy shock. It can be interpreted as the euro of GDP created for each euro
invested in the policy, or the GDP impact per euro spent on the policy (broadly speaking, it is a kind
of return on the policy investment). It increases over time as the GDP impact is positive throughout
the simulation period, while the policy injection (in the denominator) stops increasing after the end of
the implementation period. In the short term, the multiplier at EU level is usually less than one, as the
benefits of the policy are not yet sufficient to outweigh its costs. However, this soon changes and, 25
years after the start of the programme, each euro spent on the policy has generated almost 3 euro
of additional GDP. The policy injection also leads to improvements in employment, with the impact
peaking at +0.91% in 2023, equivalent to around 2.1 million additional jobs compared to baseline.*

Table 5. Cohesion policy impact in selected years on a selection of macroeconomic variables at the EU level;
EU-28

Year
2023 2030 2040 2045
GDP (% change) 0.56 0.40 0.29 0.25
GDP Multipliers 0.69 175 297 343
Employment (% change) 091 031 0.23 0.19
Employment (change in thousands of people) 2,104 715 537 447

Source: RHOMOLO simulations.
5.2. National and regional impact of cohesion policy 2014-2020

The model allows results to be obtained at the level of EU NUTS 2 regions. Figures 7 and 8 below
show the territorial distribution of the GDP impact of the 2014-2020 programmes in 2023 (the end
of the implementation period) and 2045 (thirty years after the start of policy implementation). As
expected, the GDP impact reflects the territorial distribution of the funds, especially in the short term,

15 The total number of persons employed in the EU-28 in the base year of the model is around 231.83 million
(source: Eurostat).
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where it is higher in the main beneficiaries of the policy, i.e. the Eastern European regions, as well as
Portugal and Greece. By the end of the programmes, GDP is around +5.5% higher in Croatia than in
a scenario without cohesion policy, +3.9% in Lithuania, +3.8% in Latvia, and around +3.7% in Portugal
and Greece.

The results show considerable differences between regions within some Member States. For example,
the impact on GDP ranges from +2.2% to +5.3% in Poland, from +1.5% to +6.6% in Hungary, and
from +1.9% to +8.7% in Portugal.

In the most developed regions of the EU, the short-term impact of the policy is more limited, and
sometimes even negative, as many of these regions contribute more to the policy than they receive.
However, once the interventions have been fully implemented (and financed), in the medium to long
term the differences in terms of GDP impact between EU regions diminish and the impact becomes
positive in all regions. This is partly due to the strong positive spatial spillovers generated by the
policy, whereby programmes implemented in one region have an impact in other regions. These
spillovers are mainly due to the fact that the main beneficiaries are often small, open economies with
a narrow industrial base and limited R&D capacity. Many goods or services critical to the
implementation of cohesion policy programmes are not produced domestically and therefore have to
be imported to a large extent from the more developed regions of the EU.
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Figure 7. Impact of the 2014-2020 cohesion policy programmes on GDP in NUTS 2 regions in 2023
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Figure 8. Impact of the 2014-2020 cohesion policy programmes on GDP in NUTS 2 regions in 2045
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Figure 9 shows the evolution of the distribution of cumulative regional GDP multipliers over time.
Moving from the short run to the long run, the multipliers tend to move to the right, as the combined
demand- and supply-side effects of cohesion policy generate more than one euro of GDP for each
euro spent in most EU regions over the twenty years of the simulation. On average, the long-run GDP
multipliers are higher in regions of beneficiary countries of cohesion policy than in regions in countries
that are net contributors to the policy. However, there are some exceptions, as some of the highest
multipliers are found in regions in more developed countries. This is because these regions benefit
from substantial spill-over effects from the rest of the EU, leading to a significant impact on GDP
despite low levels of policy investment (the latter being in the denominator of the multiplier formula).

Figure 9. Distribution of regional GDP multipliers in 2023 and in 2045
80
704
60

50+

2023
404 :
2040

30+

No of Regions

204

N JEL AR [l

-2 0 2
GDP Multipliers

6

Source: RHOMOLO simulations.

The geographical distribution of the macroeconomic impact of the policy is evident when looking at
the impact per category of beneficiary (Figure 10). The impact of the policy is significantly higher in
the less developed regions than in the other categories, both initially and over time. In 2023, the
impact on GDP is +3.4% in the less developed regions, compared with +0.7% and +0.2% in the
transition and more developed regions, respectively. The difference between the impact on the
different categories decreases over time but remains significant: +1.1% in the less developed regions,
+0.3% in the transition regions and +0.1% in the more developed regions in 2045.
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Figure 10. Cohesion policy expenditure and GDP impact by group of regions
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The fact that cohesion policy produces most of its impact in the less developed regions of the EU
demonstrates that it is in line with its mandate to strengthen economic and social cohesion by
reducing disparities in the level of development between regions. Our simulation results permit us to
investigate the impact of the policy on various measures of regional disparities, and they suggest
that the policy reduces regional disparities both across and within Member States. At the aggregate
EU level, the coefficient of variation!® and the ratio of the 80" to 20" percentile values of the regional
GDP per capita distribution are found to decrease with the implementation of the programmes (Figure
11). Both indices reach their minimum value at the end of the implementation period. However, thirty
years after the start of the programmes, GDP per capita dispersion remains lower than the initial
level.

16 Defined as the ratio of the standard deviation regional GDP relative to the mean regional GDP per capita.
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Figure 11. Cohesion policy impact on the coefficient of variation and on the 80/20 distribution in the EU
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The evidence presented in Figure 11 is confirmed by the changes in the Theil index, which shows the
largest decrease, -4.0%, at the peak of the policy's impact on GDP in 2023 (see Table 6).!” Both the
between and the within country components of the index decline, implying that disparities within
Member States are reduced, as well as disparities between Member States. 10 years after the start
of the policy, disparities are nearly 4% lower than the initial level coinciding with the year of maximum
GDP impact. Thereafter the reductions are slowly extinguishing: in 2030 and 2045 they are 2.5% and
1.15% lower than the initial level, respectively.

Table 6. Cohesion policy impact on the Theil Index

Change in 2023 Change in 2030 Change in 2040 Change in 2045
Within -2.11% -1.28% -0.62% -0.5%
Between -4.79% -3.01% -1.76% -1.4%
Overall -3.99% -2.49% -1.42% -1.15%

Source: RHOMOLO simulations. Only countries with more than four NUTS 2 regions are reported to enable the
calculations of the Theil index.

In order to understand the magnitude of changes in disparities within and between Member States,
we report in Table 7 the maximum observed difference from the baseline in selected percentiles of
regional GDP per capita (this occurs in 2023). For almost all Member States, there is a positive impact
on the lowest 10% of the GDP per capita distribution, with an average increase of almost +0.5%. The
impact is more pronounced in net beneficiary countries. In the higher parts of the distribution, the
value of the percentiles tends to fall, although the evidence on changes in the income of the median
regions within each country is mixed. The richest regions of both net contributors and net recipients

7 The index is calculated as: Theil = 32?’ S; Yiln (?) += XS In (ﬁ) where the first term of the formula
N y y M y

represents the within part of the decomposition and is the weighted averages of the Theil index of each Member
State. The second term is the between component of the Theil index and represents the component of regional
disparities that depends on disparities across countries. S; are weights and are computed as the ratio between
the country average of income per capita, y, and its EU average. Source: OECD (2016).
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(at the 90th percentile) experience a decline of -0.9% on average. Overall, the country-level evidence
on the distributional impact of the policy suggests that it reduces internal regional disparities.

Table 7. Regional income distribution by country (% change with respect to baseline)

Member State A% pl0 A% p50 A% p90
AT 0.235 -0.025 -0.045
BE 0.130 -0.064 -0.097
BG 0428 0.279 -1.223
(@4 0.304 0.237 -1.815
DE 0.407 -0.015 -0.168
DK 0.062 -0.009 -0.033
EL 1317 -0.737 -1.493
ES 0.368 -0.048 -0.581
Fl 0.153 -0.023 -0.150
FR 0.182 0.017 -0.108
HU 1.826 -0.138 -4.700
IT 1.115 -0.234 -0613
NL 0.051 0.004 -0.072
PL 1.109 -0.598 -0.534
PT 0.446 2793 -2.717
RO 0.326 0.169 -1.213
SE 0.057 -0.028 -0.209
UK -0.002 -0.025 -0.061

Source: RHOMOLO simulations. Only countries with more than four NUTS 2 regions are reported to enable the
calculations of percentile values.

6. Conclusions

Assessing the macroeconomic impact of cohesion policy is challenging. The policy has effects well
beyond those directly linked to the interventions, and many of these are fully realised in the long run
as the policy affects the structure of the beneficiary economies. The cost of financing the policy must
also be taken into account. While programme data and outcome indicators are essential to monitor
the progress of implementation and effectiveness, they are not sufficient to properly assess the
impact of the policy on overall economic aggregates such as GDP, employment or regional disparities.
However, this must be considered when evaluating the policy and the extent to which it has achieved
its overarching objectives.

In this analysis, we used RHOMOLO, a dynamic general equilibrium model, to estimate the potential
impact of the 2014-2020 programmes financed by the three main cohesion policy funds, the YEI,
and REACT-EU. The results suggest that cohesion policy interventions have a positive impact on the
EU economy. EU GDP is estimated to be up to +0.6% higher at the end of the policy period compared
to a hypothetical scenario without the policy. In the long run, the policy investments generate positive
returns, with a 25-year GDP muiltiplier of almost 3 (equivalent to an annual rate of return of around
4%). The impact of the policy is particularly high in the less developed regions of the EU, which are
its main beneficiaries. It is lower in the more developed Member States and regions, but in the long
run the impact is positive even in net contributors to the policy. This is partly due to the interregional
spill-over effects of the policy, whereby measures implemented in one region also benefit other
regions in the EU, especially those with strong trade links to the main beneficiaries.

The GDP impacts and multipliers are greater in the less developed regions of the EU, which are the
main target of the policy, with GDP in these regions being around +3.3% higher than the baseline at
the end of the implementation period, compared to +0.7% and +0.2%, respectively, in transition and
more developed regions. The interventions have contributed to reducing or limiting the increase in
regional disparities, both at EU level and within most Member States.

Finally, as with any analysis based on economic modelling techniques, the results presented here are
sensitive to the assumptions made in setting up the model, so future research could explore

22



alternative settings and modelling choices to assess the policy implications offered here. A limitation
of the analysis is that it does not consider the impact of the COVID-19 pandemic. According to Capello
and Caragliu (2021), the pandemic led to a notable increase in regional disparities in the EU in the
short term, although they are projected to decrease in the long term (but within-country disparities
will increase). An analysis of the possible future development of territorial cohesion in the EU should
take this into account. Other regional characteristics could also be considered in future research, such
as the quality of institutions and the governance and management of policy programmes.
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8. Annex

Annex 1. Data processing
The process to obtain the input data for the analyses proceeds in four steps:

1. The latest raw data are accessed from https://cohesiondata.ec.europa.eu/d/3kkx-ekfq. The raw
data contain yearly cumulative aggregate financial amounts and are recorded at the
programme level with information on fields of intervention, category of region, and specific
objectives, among other elements.

2. The financial amounts indicated in the raw data are linked to the regions of the European
Union, at the NUTS 2 level. On the one hand, the data are linked using a dedicated link-data
set (https://cohesiondata.ec.europa.eu/d/466c-pqi8), on the other hand, for programmes
which span more than one region, the financial amounts are allocated pro-rata to the relevant
regions. The latter takes into account the category of region which the programmes target.
Overall, this step vyields insights concerning the financial intervention, per region, for each
intervention field.

3. The data are aggregated at the level of analysis, with one observation per year, NUTS 2
region, and model shock (cf. section 4 on the RHOMOLO model). Further, the yearly cumulative
aggregate financial amounts are adjusted to reflect yearly financial amounts by taking the
difference between subsequent years.

4. The financial amounts reflect reports by national/regional managing authorities with regards
to the implemented programmes and the related expenditures. In the reports, managing
authorities indicate the financial amounts which are applicable for reimbursement by the
European Union. This yields two cases. First, the managing authorities of a country may report
more than 100% of the financial amounts allocated to the country in the Multiannual
Financial Framework. In this case the financial allocation is capped at 100%, in line with the
budgetary procedures in place. Similarly, second, for some countries the data reflect
absorption rates below 100%. Based on experience from previous programming periods, full
absorption is expected to be achieved. The gap amounts are allocated to the year 2023.
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Annex 2. Allocations and absorption over time

igure Al. Annual share of expenditures within categories of regions, across years and regions, all funds.
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ource: SFC open data platform (https.//cohesiondata.ec.europa.eu), calculations by DG REGIO.

Figure A2. Cumulative annual share of expenditures within categories of regions, across years and regions; all

funds.
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Note: Figure A2 builds up on Figure Al. Joint allocation sums up to 100% for each group of regions.
Source: SFC open data platform (https://cohesiondata.ec.europa.eu); calculations by DG REGIO.
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