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Do Spatial Spillovers of Regional Policies Aid the Reduction 
of Regional Inequalities in Europe?

Marusca De Castris*, Daniele Di Gennaro°, Guido Pellegrini§ 123

Abstract 

The European cohesion policy promotes the harmonious development of the Union 
and its regions, fostering inclusive growth and employment in less developed regions, 

the policy are both direct, in the regions where the policy has been addressed, and indirect, 
in neighboring or economically connected regions through the generation of spillovers. 

spillovers must be considered. However, spillovers are generally excluded from the clas-

and untreated units of the policy (named SUTVA – Stable Unit Treatment Assumption – 
assumption). This work aims to overcome this restriction, by implementing a methodology 
fully coherent with the counterfactual approach but relaxing this assumption. We propose 

-

regional policy especially in the Eastern regions, where the policy produces high positive 
externalities, reducing inequalities with the more developed regions.

1. Introduction

The size of regional disparities within Europe is strongly heterogeneous across 
space. Some regions, such as clusters of Western Europe, tend to be economically 
developed, while others, such as clusters of Eastern Europe, have traditionally 

* Roma Tre University, Department of Political Studies, Rome, Italy, e-mail: marusca.decas-
tris@uniroma3.it
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disparities is the uneven distribution of economic growth and wealth across the 
-

ing, levels of education, and access to economic opportunities.
The strategy for reducing regional disparities in Europe is based on the European 

most important place-based policy, designed to promote economic development 
et al., 2006; Vedrine et al.,

developed regions to those lagging behind.
The set of policy measures can take many forms, such as infrastructure invest-

and the dataset shared by the commission clearly show the occurrence of a positive 
impact on economic development and the reduction of regional disparities, although 
the size of these impacts is heterogeneous in space and time. There are several papers 
on this, such as Becker et al et al -
age income and employment grow more in heavily subsidized areas. At the same 
time, the EU regional policy is heterogeneous, in terms of both the intensity of treat-

et 
al

strongly subsidized regions experience a substantial reduction in funding. The 
results indicate that only regions that experienced a considerable reduction in fund-

regions that left the convergence status appear to have survived this shock relatively 
well, suggesting a long-term positive impact of the EU regional policy.

In the evaluation of place-based policies, evaluators should keep in mind that 
one of the founding rationales of such programs very often consists in generating 
positive externalities, such as a general improvement of the eligible areas’ socio-

less developed regions are grouped into geographic clusters, and therefore the 

indirect, in neighbouring or economically connected regions through the gen-
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has on areas beyond those directly targeted. In the context of European regional 

the complete set of impacts on the territory, both internal and external to the 
objective of the policies themselves.

it is necessary to consider and estimate the size and sign of spillovers. Consid-
ering regional spillovers is important for several reasons. First, spillovers have 

a regional policy. Second, spillovers are an important factor in policy design, as 
policymakers may wish to consider the potential impacts of a policy on neigh-
bouring regions when deciding whether to implement it. Finally, understanding 
spillovers helps policymakers to identify potential unintended consequences of a 
policy and eventually to design measures to mitigate negative spillovers.

In this paper we have chosen to remain within the counterfactual approach, and 
to estimate the spillovers implementing a methodology fully consistent with this 
approach. The spillovers considered depend on the spatial distance and are esti-

-

Arbia et al

the Eastern regions, where the policy produces high positive externalities and 
reduce inequalities with the more developed regions.

Our work contributes to the literature on policy evaluation in the presence of 
spillovers. The applied econometrics literature has shown that spillovers can lead 
to biased estimates if they are not properly accounted for. For example, Kalenkoski 

are ignored, especially when contiguous counties are selected as controls due to spa-
tial heterogeneous trends, as in Dube et al
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-

et al

contributes to the literature by proposing a spatial region-level regression design to 

reduce economic and social inequalities. As reported by Ehrlich and Overman 
et al., 2010; Mohl, Hagen 2010; Pellegrini et al. 

-
tions between regions. Indeed, one relevant feature of cohesion policy is that its 

et al
-

mented in one region has an impact, which can be positive or negative, on the 

can occur when a regional policy leads to economic growth or improved social 
conditions in the recipient region, which can then spill over to neighboring regions 

occur when a regional policy leads to negative economic or social consequences 
in the recipient region, which can then spill over to neighboring regions. Overall, 

implemented, the characteristics of the recipient region, and the economic and 
social linkages between the recipient region and neighbouring regions.

In general, the impact of regional policy on neighbouring regions will depend 

economic, social, and environmental characteristics of the regions involved, and 
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population. An example is an increase in the local demand that spread out in 
-

vention, which targets only part of the local economy, can have on the entire 
-

with the treated. A classical example is the distribution of classbooks, that can be 

Among the regional policies, investment subsidies policies have also been par-

investment subsidies policies are a way to trigger endogenous changes and gen-
erate a self-sustaining growth. Therefore, business incentives policies are not only 

programs can potentially generate also negative spillovers. In the literature, the 

absence of the policy. In presence of cross-sectional substitution, publicly funded 
investments partially crowd-out private investments making the rationale in favour 

is an empirical problem, to be evaluated by means of suitable econometric analysis.

 3. Methodology

An important methodological aspect for policy evaluation analyses concerns 

and untreated. In the Rubin casual model, the SUTVA formalizes the absence of 

policies can be credibly evaluated under the SUTVA, this is rarely valid for the 
evaluation of regional policies, as we should expect them to engender spillover 

whether people or geographical areas, are valid control samples, or the counter-
factual, of what would have happened to the treated without treatment.

-
pletely unrealistic in many evaluations of regional policies, like the European 
regional policy, which often have the purpose of generating spillovers between 
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treated and untreated units to engender local development. In our case, the possibil-
ity of interference is higher, because the target population is a subset of the regional 

In our paper we assume that the presence of interference depends directly on the 

spillover to follow a certain spatial pattern. This approach is at the basis of spatial 

spatial weight matrix to model the interactions between units.1 -

et al, 2020; Delgado, Florax, 

In this paper we apply a methodology useful to identify, estimate and disen-

the policies. The pillar of the empirical methodology is a spatial autoregressive 

In the standard counterfactual approach, under SUTVA and common trend 

over time in the outcome variable between the treated and untreated groups.
Let recall the DiD model:

 

Where Y is the n x1 vector of dependent variable, in our paper the growth rate 
of the outcome variable in the pre-post period treatment, t is the n x1 vector of 
time dummy variable that assumes value 0 in the pre-treatment time and value 1 
in the post-treatment, D
the n x 1 vector of regression disturbance terms. 

-

1. Although the approach to place more weight on closer observations is widely accepted, the 
-

cations even relatively small perturbations in the spatial weights matrix will have salient conse-

0 1 2 3Y D t D t
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interactions. We introduce a proximity function based on the state of treatment of 

We consider the spatial econometrics model that contains parameters that 
allow for the incorporation of spatial dependence among the observations. These 
parameters include spatial lag and error terms, which capture the relationship 
between the dependent variable and its neighbours, as well as spatial weights 
matrices, which specify the strength of the relationship between the observations.

 

 

where  is the vector of parameters for exogenous explanatory variables in 
vector X,  is the spatial autoregressive parameter for the endogenous interaction 

 is the spatial autocorrelation parame-

 =  0 
that makes explicit the hypothesis that there is no endogenous interaction and so 

model under consideration with the restriction is named Spatial Durbin Error 

 

the model analyses the relationships between Y and one or more independent 
variables X, while taking into account the spatial dependence between the units.

In contrast, if we assume that the model is such that  = 0,

 

the independent variables for that unit, but also by the values of the dependent 
variable for neighbouring units.

Moreover, it is important to consider the potential bias induced by the fact that 
observation units belong to groups, like considering provincial data in analys-
ing public funds provided at regional level. In fact, regardless of the presence of 
spatial autocorrelation, the independence assumption is usually erroneous when 
data are extracted from a population with a clustered structure, since this adds a 
common element to the errors thus inducing correlated errors within the group 

Y WY X WX u

u Wu

Y X WX u

u Wu

Y WY X WX
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example, this can occur when we consider administrative areas, like regions and 
provinces, where neighboring areas may have greater similarity with respect to 

on the singular unit of higher-level variables that measure one or more aspects 

between areas, i.e. clusters characterized by, for example, exceptionally high, or 

-
duce biased estimation of the impact of the policy considered. 

4. Empirical Strategy

intervention.

 

where p indexes province, r indexes regions, t indexes time.
Y

prt
 is the GDP growth rate, D is a treatment dummy variable, equals to 1 if 

t is a time dummy variable, 
equals to 0 if 2004-2006 and equals to 1 if 2015-2017, 

prt
 is the random error 

term. We are in the simplest case, in which there are only two groups, i.e., treated 
and control, without spillover.

neighbouring regions, we modify the model by introducing variables that can 

 • a spatial weights matrix W
w

ij
i, j

where p
 • an indicator D

j
 representing the presence of neighbours treated units, given by 

 • a set of covariates X describing the socioeconomic heterogeneity within 
regions, by means of the provincial-level variables, which are population 
growth rate and manufacturing employment growth rate;

0 1 2 3     prt r r prtY D t D t
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 •
capital city, metropolitan areas, pre-treatment clusters of more, resp. less, 
performing regions.
Let’s get the integrated model:

 

Introducing the Spatial Durbin error model, we combine both a spatial autore-
gressive and a spatial error component as:

 

where the spatial autoregressive parameter, , refers to the endogenous spatial lag 
while the structure of the error is:

 

We estimate both the case with 
the case with 

5. Data

-
graphic variables.

-

level, while the GDP growth rate comes from Eurostat Regional Database that 

We consider data for both the pre-treatment and post-treatment periods. The 
pre-treatment period refers to the years 2004-2006, the treatment period is 2007-
2013, and the post-treatment period includes information between 2015 and 
2017, also to consider the closing period of the 2007-2013 policy cycle.

Some characteristics of the sample before and after the policy by full sample, 
Eu15 regions, Eastern Europe Enlargement regions, spatial clusters are described 
in Tables 1 and 2.

Regional population dynamics is very heterogeneous: population growth 

and positive value of 10 percent. On average, enlargement regions before 2007 

0 1 2 3 4

5 6 7 8

 

 

prt r r j r

j j r pt p pr

Y D t D t D D

D t D D t X

0 1 2 3 4

5 6 7 8

pr pr r r j r

j j r pt p pr

Y W Y D t D t D D

D t D D t X

pr pr pru Wu
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Table 1 – Summary Statistics of Socioeconomic Indicators Considering 
the Full Sample, Eu15 Regions, Eastern Europe Enlargement Regions 
and Distinguishing Between Pre- and Post-Treatment Periods

Indicator A: Population Growth Rate (Nuts-3)

Pre-treatment Mean SD Min Max

Full sample 0.00 0.02 -0.05 0.10

EU15 regions 0.01 0.02 -0.05 0.10

Enlargement regions -0.01 0.01 -0.05 0.03

Post-treatment Mean SD Min Max

Full sample 0.00 0.01 -0.05 0.07

EU15 regions 0.01 0.01 -0.04 0.05

Enlargement regions -0.01 0.02 -0.05 0.07

Indicator B: Manufacturing Employment Growth Rate (Nuts-3)

Pre-treatment Mean SD Min Max

Full sample -0.01 0.07 -0.28 0.41

EU15 regions -0.02 0.06 -0.28 0.34

Enlargement regions 0.02 0.11 -0.28 0.41

Post-treatment Mean SD Min Max

Full sample 0.02 0.07 -0.36 1.14

EU15 regions 0.01 0.06 -0.36 1.14

Enlargement regions 0.04 0.09 -0.36 0.29

Source: Authors’ elaboration

Table 2 – Summary Statistics of Outcome Variable in the Pre-treatment 
Period: GDP Growth Rate (Nuts-3)

Pre-treatment Mean SD Min Max

Full sample 0,055 0,054 -0,237 0,502

EU15 regions 0,048 0,045 -0,237 0,502

Enlargement regions 0,094 0,078 -0,113 0,418

High-High cluster 0,141 0,060  0,070 0,418

Low-Low cluster 0,001 0,033 -0,237 0,035

Source: Authors’ elaboration
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register a negative population change of 1 percent. After the policy, while, on 
average, regional population dynamics remain unchanged, changes are observed 
in the maximum values, which fall for the full sample and the EU15 countries 
but rise in the enlargement countries, where a few regions stand out from the 
average with a growth rate of 7 percent.

Manufacturing employment shows growth trends in all three areas under 
review, but certainly the enlargement regions, where investment in private and 
public capital is large, show a higher growth rate.

capital, the metropolitan areas. In addition, to consider the presence of areas 
already funded in the previous programming period, i.e., 2000-2006, we control 
for territories which shifted their treatment status, in particular the ones which 

These starting conditions that characterize the regions are introduced in the esti-
mation models, to be consistent with the parallel trend assumption. In our case, the 
impact of European regional policy, estimated with a selection model on unobserva-

regions treated with higher growth rates if compared with the rest of the union. This 
aspect undermines the assumption of common trends and requires an in-depth inves-

We test the presence of spatial autocorrelation in the distribution of the out-

values in the sample is spatially clustered; it means that high values cluster near 
other high values and low values cluster near other low values. This assumption 

that are composed mainly by treated regions from the enlargement areas has been 
isolated. At the same time, we highlight cold-spots, i.e., low-low value cluster, 

two periods, for a total number of 2620 observations.

6. Results

post-treatment period. At the same time, we evaluate the presence of spatial spill-
over on provincial economic growth in response of regional European policy. 
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in response to neighbours’ state of treatment.
-

els is made on the basis of the Lagrange Multiplier tests for spatial dependence 
DiD model controlling for spa-

policies implemented between 2007-2013 on the outcome measured by the 

D

Source: Authors’ elaboration

Copyright © 2023 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835152811



277

Ta
bl

e 
3 

– 

M
od

el
 1

: 
D

iD
M

od
el

 2
: 

SD
iD

M
od

el
 3

: 
SD

iD
 w

it
h 

C
ov

ar
ia

te
s

M
od

el
 4

: 
SD

M
 D

iD
M

od
el

 5
: 

SD
E

M
 D

iD

C
on

st
an

t
0.

05
9*

**
0.

06
4*

**
0.

05
8*

**
0.

05
0*

**
0.

05
8*

**

 D
-0

.0
11

**
*

-0
.0

09
**

*
-0

.0
15

**
*

-0
.0

15
**

*
-0

.0
16

**
*

 t
-0

.0
18

**
*

-0
.0

27
**

*
-0

.0
29

**
*

-0
.0

26
**

*
-0

.0
28

**
*

 D
t

0.
02

9*
**

0.
02

5*
**

0.
02

1*
**

0.
02

1*
**

0.
02

2*
**

 D
jD

-0
.0

20
**

-0
.0

22
**

-0
.0

23
**

*
-0

.0
20

 D
jt

-0
.0

13
-0

.0
15

-0
.0

19
-0

.0
13

 D
jD

t
0.

05
0*

*
0.

04
8*

*
0.

04
8*

*
0.

04
3

 po
pu

la
ti

on
 g

ro
w

th
 r

at
e 

0.
46

8*
**

0.
45

5*
**

0.
48

0*
**

 m
an

uf
ac

tu
ri

ng
 e

m
pl

oy
m

en
t g

ro
w

th
 r

at
e

0.
07

6*
**

0.
07

7*
**

0.
07

1*
**

 S
10

0.
00

3
0.

00
3

0.
00

1

 en
la

rg
em

en
t 2

00
4 

an
d 

20
07

0.
03

3*
**

0.
03

2*
**

0.
03

5*
**

 

(.
..c

on
tin

ue
...

)

Copyright © 2023 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835152811



278

M
od

el
 1

: 
D

iD
M

od
el

 2
: 

SD
iD

M
od

el
 3

: 
SD

iD
 w

it
h 

C
ov

ar
ia

te
s

M
od

el
 4

: 
SD

M
 D

iD
M

od
el

 5
: 

SD
E

M
 D

iD

du
m

m
y 

ca
pi

ta
l

0.
00

4
0.

00
4

0.
00

3

 du
m

m
y 

m
et

ro
po

li
ta

n 
ar

ea
0.

00
5*

**
0.

00
5*

**
0.

00
5*

**

 P
re

-t
re

at
m

en
t p

os
it

iv
e 

cl
us

te
rs

0.
09

2*
**

0.
09

3*
**

0.
06

9*
**

0.
06

9*
**

0.
07

2*
**

 P
re

-t
re

at
m

en
t n

eg
at

iv
e 

cl
us

te
rs

-0
.0

57
**

*
-0

.0
56

**
*

-0
.0

50
**

*
-0

.0
49

**
*

-0
.0

51
**

*

 rh
o

0.
15

5*
**

 

 
 

la
m

bd
a

0.
42

**
*

 
 

 
 

 

O
bs

er
va

ti
on

s
26

20
26

20
26

20
26

20
26

20

R
2

0.
25

6
0.

25
8

0.
31

7
 

A
dj

us
te

d 
R

2
0.

25
4

0.
25

6
0.

31
4

 

L
og

 L
ik

el
ih

oo
d

46
21

.8
7

46
35

.7
3

si
gm

a2
0.

00
2

0.
00

2

A
ka

ik
e 

In
f.

 C
ri

t.
-9

20
9.

74
-9

23
7.

46

R
es

id
ua

l S
td

. E
rr

or
0.

04
3 

0.
04

3
0.

04
2 

 

F
 S

ta
ti

st
ic

17
9.

72
4 **

* 
11

3.
56

4 **
* 

86
.4

75
**

* 
 

6.
66

3*
**

37
.4

14
**

*

 
 

 
5.

36
4*

*
33

.0
85

**
*

So
ur

ce
: A

ut
ho

rs
’ e

la
bo

ra
ti

on
.

(.
..c

on
tin

ue
)

Copyright © 2023 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835152811



279

-

that may have economic relations with the treated territories. Moreover, Euro-
pean regions are characterized by strong heterogeneity in growth rates, especially 
within EU15 regions and the newly annexed regions, admitted in 2004 and 2007. 

In model 2 we present estimates of spatial DiD model using OLS estimator. 

enlargement

policies leaning toward the convergence process. Considering spatial dependence 

interaction between own state of treatment and the one of neighbours, DjDt: the 

The results suggest that regions cluster on territorial strengths. The spatial lag 
-

ica et al

Table 4 – Testing Spatial Dependence

Lagrange Multiplier diagnostics Statistic Parameter P-value

LM spatial error 50.65 1 1.1e-12 ***

LM spatial lag 4.38 1 0.0364 *

Robust LM spatial error 61.33 1 4.9e-15 ***

Robust LM spatial lag 15.06 1 0.0001 ***

Source: Authors’ elaboration.
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Table 5 – 

 Direct Indirect Total

D -0.015*** -0.003* -0.017***

 

t -0.021*** -0.005** -0.031***

 

Dt 0.021*** 0.004** 0.025***

 

DjD -0.023*** -0.004 -0.028**

 

Djt -0.019 -0.003 -0.022

 

DjDt 0.048** 0.009 0.057**

 

population growth rate 0.455*** 0.083** 0.538***

 

manufacturing employment growth rate 0.077*** 0.014** 0.091***

 

S10 0.003 0.001 0.003

 

enlargement 2004 and 2007 0.032*** 0.006** 0.038***

 

dummy capital 0.004 0.001 0.005

 

dummy metropolitan area 0.005*** 0.001* 0.006***

 

Pre-treatment positive clusters 0.070*** 0.013** 0.082***

 

Pre-treatment negative clusters -0.049*** -0.009** -0.058***

 

Source: Authors’ elaboration
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Arbia et al

Policy of the programming cycle 2007-2013 succeeds in generating development 
-

shows how European regional policy is located in the weakest areas, where there-

Source: Authors’ elaboration
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by several regions in the Eastern Europe, including some new entrants. Also note-

in Figure 4, are greater in the areas where the indirect ones are more relevant. 

the policy produces high positive externalities, reducing inequalities with the more 
developed regions. In practice, this has strengthened resilience processes in these 
areas and thus reduced the gap with the more developed regions.

Figure 3 – 

Source: Authors’ elaboration.
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7. Conclusions

-
icy, considering both direct impacts and impacts due to spillovers. Unlike of 

-
oped and lagging regions.

This evaluation is based on a newly developed counterfactual approach, which 
at least partially overcomes the limits of the SUTVA, and consistently estimates 

Figure 4 – 

Source: Authors’ elaboration
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the spillovers, which are detected based on the spatial distance between areas. 
-

-

economic downturn, European regional policy has helped the resilience of the 

The most innovative aspect of the analysis is the measurement of spillovers, 

-

not only be biased but also be underestimated.
The results underline how the structure of European regions empirically 

grouped into clusters, as shown by the analysis using Local Moran’s I, inter-
acts with spillovers. Empirically, these spillovers manifest themselves positively 
especially in the clusters of Eastern Europe, reinforcing the processes of con-
vergence towards the more developed regions. This has therefore strengthened 
the resilience processes in these areas and contributed to an overall reduction of 
regional disparities in Europe.

-

neighboring areas, in the evaluation of a place-based policy intervention. On 
the other hand, this is consistent with the place-based approach of the European 
policies which stimulate the processes of convergence of the European regions 
by enhancing the endowments of material, immaterial and human capital in the 
territory, also overcoming administrative boundaries. These results therefore 
suggest larger coordination of policies, overcoming administrative boundaries 
and having as an optimal dimension the geographical clusters of similar areas 
that are formed in the European space.
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Gli spillovers spaziali delle politiche regionali aiutano a ridurre le disuguaglianze 
regionali in Europa?

Sommario
La politica di coesione europea promuove lo sviluppo armonioso dell’Unione 

e delle sue regioni, favorendo la crescita inclusiva e l’occupazione nelle 
regioni meno sviluppate, migliorando il benessere delle persone e riducendo 

regioni in cui la politica viene indirizzata, sia indiretti, attraverso la generazi-
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gli spillover sono generalmente esclusi dal modello controfattuale classico, 

politica (ipotesi denominata SUTVA – Stable Unit Treatment Value Assump-
tion). Il presente lavoro mira a superare questa restrizione, implementando 
una metodologia pienamente coerente con l’approccio controfattuale, che non 
ammette questa ipotesi. In questo lavoro, viene proposto un modello DID spa-

-

positivi della politica regionale europea specialmente nelle regioni dell’Est 
Europa, dove la politica produce esternalità positive elevate, riducendo le 
disuguaglianze con le regioni più sviluppate.
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