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Regional impacts of the EU Rural Development Programme:
Poland’s food processing sector
Jerzy Michaleka, Pavel Ciaianb and Federica Di Marcantonioc

ABSTRACT
The paper illustrates the application of the regional quasi-experimental estimation approach to estimate impacts of the
Rural Development Programme (RDP) on the performance of the food processing sector in Poland. It brings several
advantages compared with estimations based on firm data by capturing the RDP effects on non-supported firms and
measures targeting overall development of rural areas; it provides a more accurate aggregate regional policy impacts;
and it partially addresses the bias caused by general equilibrium effects. The application of the approach to Polish
regional data shows that the RDP impacts structural change and employment in the food processing sector in Poland.
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INTRODUCTION

The Rural Development Programme (RDP) is one of the
main support instrument within the European Union’s
Common Agricultural Policy (CAP) accounting for
around one-quarter of the total CAP budget. The RDP
aims to promote the development of rural areas of the
EU in order to address a wide range of economic, environ-
mental and social challenges (European Network for Rural
Development (ENRD), 2015a, 2019; European Commis-
sion, 2013, 2019).

A key question related to the public support in general,
and to the RDP in particular, is the extent to which the
support actually promotes the achievement of the policy
objectives. To answer this question, there is a growing
body of literature attempting to estimate empirically the
impact of the RDP support. However, the assessment of
the impact of the RDP is often driven by data availability,
the type of the RDP measure analysed, the geographical
coverage and the econometric approach. For instance,
studies usually use survey (micro-) data to estimate the
RDP effects. Still, surveys are not always representative

for regional or member state (MS) population which limits
the possibility to extrapolate the estimated results to obtain
the overall aggregate regional or MS-level RDP impacts.
For example, the Farm Accountancy Data Network
(FADN) is commonly used to estimate the RDP effects
(e.g., Arata & Sckokai, 2016; Olper, Raimondi, Cavic-
chioli, & Vigani, 2014; Salvioni & Sciulli, 2018) due to
its harmonization across MS and availability across a longer
time horizon (Castaño, Blanco, & Martinez, 2019). How-
ever, the FADN has some specificities that might affect the
estimations. For example, it is representative only for com-
mercial farms (non-commercial or small farms are not
sampled); beneficiaries of CAP payments (i.e., farms) are
in general underrepresented; and certain sectors (particu-
larly smaller ones) could be either under- or overrepre-
sented depending on the region or MS (e.g., sugar beet)
(European Court of Auditors (ECA), 2016; Louhichi
et al., 2018).1 Other survey-based RDP studies suffer
from similar problems. For example, Medonos, Ratinger,
Hruška, and Špička (2012) and Michalek, Ciaian, and
Pokrivcak (2018) use survey data that include only large
farms to estimate the effects of the farm investment support
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in Czechia and the support for producer organizations in
Slovakia, respectively. Similarly, Kirchweger, Kantelhardt,
and Leisch (2015) use voluntary bookkeeping farm data
and exclude farms with small support levels to
investigate the impacts of farm investment support in Austria.

The wide range of measures encompassed within the
RDP further complicates the empirical analyses since
each measure might lead to different effects. For example,
the RDP implemented in the programming period 2007–
13 included measures split in four thematic axes, and each
included between five and 13 measures. Usually most
studies investigate the impact of individual RDP measures
(e.g., Arata & Sckokai, 2016; Bartova & Hurnakova, 2016;
Kirchweger et al., 2015; Kirchweger & Kantelhardt, 2015;
Medonos et al., 2012; Michalek, Ciaian, & Kancs, 2016;
Michalek et al., 2018). Few studies focus on the combined
RDP measures or total RDP support (e.g., Bakucs, Ferto,
& Benedek, 2019; Salvioni & Sciulli, 2018).

When looking at the specific RDP measures, the most
commonly analysed in the literature is the farm investment
support (e.g., Bartova & Hurnakova, 2016; Desjeux,
Dupraz, Latruffe, Maigne, & Cahuzac, 2014; Garrone,
2019; Kirchweger et al., 2015; Kirchweger & Kantelhardt,
2015; Medonos et al., 2012; Michalek et al., 2016; Olper
et al., 2014; Petrick & Zier, 2011). Relatively wide impor-
tance is also given to the agri-environmental measure (e.g.,
Arata & Sckokai, 2016; Desjeux et al., 2014; Garrone,
2019; Kuhfuss & Subervie, 2018; Olper et al., 2014; Pet-
rick & Zier, 2011; Pufahl & Weiss, 2009; Udagawa,
Hodge, & Reader, 2014). Other measures are either sel-
dom analysed or still unexamined. Almost all studies inves-
tigate the impact of the RDP on the performance of farmers
or the agricultural sector. This is expected given that the main
target of the RDP is the farming sector. Only a few studies
focus on the rural development impacts beyond agricultural
(farm) sector such as on regional well-being, quality of life
or vitality of rural areas (Bakucs et al., 2019; Mack, Fîntîneru,
& Kohler, 2018; Michalek, 2012b).

Geographical coverage also plays an important role
when assessing the effects of the RDP supports because
the implementation details of each specific RDP measure
(e.g., eligibility criteria, size of the support) could vary
between MS (ENRD, 2015a). Given this variation in the
RDP implementation, a more desirable approach would
be to perform an estimation for each regional unit separ-
ately. Studies usually perform estimates for either a specific
EU region (e.g., Michalek et al., 2016) or an MS (e.g.,
Arata & Sckokai, 2016; Bakucs et al., 2019; Bartova &
Hurnakova, 2016; Kirchweger et al., 2015; Kirchweger &
Kantelhardt, 2015; Medonos et al., 2012; Michalek et al.,
2018; Salvioni & Sciulli, 2018). However, this choice is
apparently driven by data availability rather than by
implementation of the studied RDP measures. Also,
some studies combine different MS or EU regions together
(e.g., Garrone, 2019; Olper et al., 2014).

From an econometric point of view, quasi-experimental
estimation approaches dominate the literature in analysing
the RDP effects. The most commonly applied quasi-exper-
imental method is the (binary and, to a lesser extent,

generalized) propensity-score matching (PSM) (e.g.,
Arata & Sckokai, 2016; Bakucs et al., 2019; Bartova &
Hurnakova, 2016; Kirchweger et al., 2015; Kirchweger &
Kantelhardt, 2015; Kuhfuss & Subervie, 2018; Medonos
et al., 2012; Michalek, 2012a, 2012b; Michalek, Ciaian,
& Kancs, 2014; Michalek et al., 2018; Salvioni & Sciulli,
2018; Udagawa et al., 2014).2 The key challenge of
quasi-experimental approaches is the construction of an
appropriate counterfactual situation (i.e., a situation with-
out the RDP support) in order to serve as a comparison
point with the situation when the RDP is applied (Bakucs
et al., 2019; Castaño et al., 2019). Some studies also apply
spatial econometrics or dynamic panel econometric
approaches to estimate the impacts of the RDP (e.g.,
Bakucs et al., 2019; Desjeux et al., 2014; Garrone, 2019;
Olper et al., 2014; Petrick & Zier, 2011). In general,
these econometric approaches can exploit variation in the
RDP support intensity to estimate its effects. However,
they estimate marginal effects of the support as compared
with the quasi-experimental methods that attempt to
identify the average treatment effect.

The objective of the present paper is to illustrate the
application of the regional quasi-experimental estimation
approach to estimate the regional impacts of the support
on the performance of the food processing sector.
Although the estimation of the RDP impacts based on
micro-data is usually the preferred method (Castaño
et al., 2019), the application of the regional approach
might be more desirable in several situations such as
when the aim is to estimate the overall (broader) regional
effects of the RDP support, when there are important
intraregional general equilibrium effects, in the case of sup-
port that targets the overall development of rural areas (e.g.,
public infrastructure) or in cases when the micro-data are
not available. We apply the regional approach for Poland
using panel data for 314 Nomenclature of Statistical
Units 4 (NUTS-4).3 By combining quasi-experimental
approach with NUTS-4 data, we can address the short-
comings usually pertinent to the analysis of regional policy
impacts at a more aggregated level such as at NUTS-2
where it is often more difficult to match supported with
non-supported regions in order to make statistically sensi-
ble comparisons of mean outcomes (e.g., Mitze, Paloyo, &
Alecke, 2012). Furthermore, if policy support is provided
to all regions, yet with various intensity levels, it is statisti-
cally advantageous and methodologically desirable to con-
sider a higher number of regions and to analyse policy
impacts by applying methodological approaches which
can account for such specificity (e.g., generalized PSM).

We use the RDP implemented in the programming
period 2007–13 in Poland to illustrate the application of
the regional quasi-experimental approach. We consider
the RDP measure M123, which was targeted towards the
food processing sector (referred to as ‘food processing sup-
port’, or FP-RDP) as well as the total RDP support (T-
RDP). We analyse the RDP effects on the performance
of the food processing sector using three impact indicators:
the number of food processing firms, the number of exiting
food processing firms and the employment in the food
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processing sector. The first two indicators aim to capture
the structural change in the food processing sector. The
third indicator measures the contribution of the RDP to
employment creation, which is an important policy priority
of the RDP (European Commission, 2006). To our knowl-
edge, this is the first paper to apply a quasi-experimental
regional approach to investigate the impacts of the RDP
on the performance of the food processing sector.

We apply binary quasi-experimental evaluation meth-
odology to estimate the impact of the FP-RDP. For the
T-RDP, we employ the generalized propensity score
(GPS) approach in order to address the problem of unavail-
ability of the counterfactual non-supported regions.
Further, the application of the GPS allows one to estimate
how the effects of the T-RDP vary with the size (intensity)
of the support.

Although this paper is an application for the RDP, it
has also relevance for the evaluation of other type of
regional development programmes in general and EU
regional policies in particular, which are one of the most
researched policies in the literature. The quasi-experimen-
tal estimation approaches are relatively commonly used in
the literature to estimate the impact of regional develop-
ment programmes on a variety of issues such as on growth
and employment, poverty reduction, regional convergence,
social inclusion or environmental performance (e.g., Kancs
& Siliverstovs, 2016; Winters & Rubio, 2010). Alongside
quasi-experimental estimation approaches, several other
tools are also applied such as cross-sectional and panel
data regression analyses (Rodríguez-Pose & Fratesi,
2004), regression discontinuity design methods (Becker,
Egger, & von Ehrlich, 2010; Crescenzi & Giua, 2018),
spatial econometric techniques (De Dominicis, 2014;
Maynou, Saez, Kyriacou, & Bacaria, 2014) and non-para-
metric estimations (Coppola & Destefanis, 2015). The
regional development programmes (similar as RDPs)
often include support for non-productive activities or
broader development issues that aim to deliver infrastruc-
ture and services for economic actors and affect multiple
sectors and economic agents (firms, households). Impor-
tant aspects of the regional development programmes is
that often the key policy target is the development of
specific regions and their economic convergence to other
more developed regions. Further, the regional development
policies might induce important interregional general equi-
librium effects (Piattoni & Polverari, 2016). These factors
give preference for the application of the regional approach
compared with using micro-data as it might better identify
the policy impacts, especially when the regional policy
focuses on the development and convergence of regions
(Hagen & Mohl, 2009).

METHODOLOGICAL CHALLENGES FOR
IDENTIFYING THE RDP EFFECTS

The estimation of the RDP effects implies encountering
several methodological challenges given the complex nature
of the RDP support and wide variety of agents that can
receive it (Castaño et al., 2019; Michalek, 2012a,

2012b).4 With a specific focus on the food processing sec-
tor,5 the RDP support may affect the performance of this
sector in at least six different ways:6

. Effect I: through a direct effect of the measures specifi-
cally targeting food processing sector (i.e., FP-RDP)
on the supported food processing firms.

. Effect II: through an indirect effect of other RDP
measures (e.g., targeting agricultural farms) on the sup-
ported food processing firms.

. Effect III: through an indirect effect of other RDP
measures on the non-supported food processing firms.

. Effect IV: through specific measures targeting the overall
development of rural areas on supported and non-supported
food processing firms, such as support for public infra-
structure, basic services or village renewal.

. Effect V: through the general equilibrium (spillover) effect
of (all types of) the RDP support on the performance
non-supported food processing firms and non-food proces-
sing sector (e.g., technology and capital suppliers, con-
struction sector).

. Effect VI: through the interaction effect between RDP
measures (i.e., the simultaneous effect of two or more
independent RDP measures interacting with each
other) on supported and non-supported food processing
firms.

The performance of the food processing sector is
affected through Effect I because it allocates subsidies
directly to food processing firms, namely by the FP-RDP
in the programming period 2007–13. The FP-RDP affects
the supported firms either by improving the performance of
the existing ones or facilitating the entrance of new (sup-
ported) firms. Given that in Poland the FP-RDP is granted
in the form of capital subsidy, it is expected to facilitate on-
firm investments on supported firms which can be trans-
lated into an improvement in their performance, particu-
larly when firms have constrained access to credit
(Brandsma, Kancs, & Ciaian, 2013; Michalek et al.,
2016). Further, the impact of the FP-RDP might be
reflected by reducing the capital cost that is expected to
induce the substitution of capital for labour, and thus sup-
ported firms might become more capital intensive (Daly,
Gorman, Lenjosek, MacNevin, & Phiriyapreunt, 1993).

Effects II and III imply that the RDP could have an
indirect effect on the supported and non-supported food
processing firms through secondary impacts of other
RDP measures not directly targeting food processing
firms but the primary agricultural production (farmers)
(e.g., support for fostering innovation or quality schemes
in agriculture, producer groups). These measures are
expected to affect competition level and transaction and
coordination costs among players in the chain by impacting
vertical and horizontal integration in the agri-food sector
(Dwyer, 2013; Michalek et al., 2018). These indirect
effects may cause either positive effects (e.g., farmers’ par-
ticipation in the food quality schemes) or negative impacts
(e.g., the RDP support for producers’ groups) on the food
processing sector depending on the type of RDP measure.
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In the case of Effect IV, the RDP support for rural
infrastructure and social services may reduce transaction
costs and facilitate trade integration of rural areas and
enable food processing firms’ accessing inputs from rural
areas or respond to new types of demand (e.g., agri-tour-
ism) (Bakucs et al., 2019; Basile, Castellani, & Zanfei,
2008; Michalek, 2012b). Effect V – the general equili-
brium effect – implies that the non-supported food proces-
sing firms might be affected either (1) indirectly (positively
or negatively) by the RDP through competitive pressure,
technological spillover effects or imitations or (2) through
increase in factor prices (e.g., cost of labour, loan interest
rate) and by crowding-out investment on non-supported
firms both of which might adversely affect non-supported
firms (Bronzini & De Blasio, 2006; Michalek et al., 2016).

Finally, the impact of the total RDP support or the
combination of different measures on the performance
food processing firms reflects the interactions between
the RDP measures (Effect VI). Different measures can
have complementary effects on each other and
hence reinforcing the RDP effects on the performance
of the food processing firms or alternatively it might
fully or partially offset each other implying small RDP
effects.

This complex nature of the possible effects of the RDP
on the food processing sector poses several methodological
challenges for their empirical identification. Indeed while
some effect can be directly estimated with standard meth-
odology, others require a more sophisticated approaches
(Castaño et al., 2019; Fucilli, 2009; Michalek, 2012a,
2012b). For example, under the stable unit treatment
value assumption (SUTVA), that is, an assumption of the
lack of general equilibrium effects, Effect I can be estimated
straightforwardly using quasi-experimental evaluation
methodologies (e.g., PSM) based on firm-level data sets.
However, micro-data for the food processing sector are
often not collected or not easily available; owing to the priv-
acy, they are generally not accessible to researchers. Most of
the studies available in the literature investigate RDP
effects on farmers for which micro-data are more accessible
(e.g., Arata & Sckokai, 2016; Kirchweger et al., 2015;
Medonos et al., 2012; Salvioni & Sciulli, 2018).

However, even if the individual firm panel data for food
processing firms would be available about participants and
non-participants in the RDP support, it might not be poss-
ible to identify the unbiased RDP impacts on the food pro-
cessing firms (Effect I) because of the confounding general
equilibrium effect of the RDP on non-supported firms
(Effect V) (e.g., De Castris & Pellegrini, 2016).

The indirect effects of other RDP support measures on
the food processing firms (Effects II and III) can be con-
trolled in the quasi-experimental evaluation methodologies
if these measures (their intensity levels) are used as explana-
tory variables in matching supported firms and the unsup-
ported control firms. The interaction effect of RDP
measures (Effect VI) is implicitly captured in the quasi-
experimental evaluation methodologies when the total
RDP support or the combination of different measures is
considered in the estimations.

Regarding the RDP measures targeting the overall
development of rural areas (Effect IV), their impacts can-
not be identified using individual firm data because benefi-
ciaries of these measures are usually not firms but public
authorities who invest this support in public services (e.g.,
rural roads, child daycare facilities).

Considering all the aforementioned methodological
challenges, the estimation of the effects of the RDP sup-
port on the food processing sector using individual
micro-data might therefore be a complex task and an
alternative methodological approach might need to be
applied to address them.

THE REGIONAL QUASI-EXPERIMENTAL
METHODOLOGICAL APPROACH

Although the estimation of the RDP impacts based on
micro-data is the usually preferred approach (Castaño
et al., 2019), the data on relevant socioeconomic aspects
of rural development including those linked to the develop-
ment of food processing at a regional or various administra-
tive levels in individual MS can be exploited as an
alternative solution to address the above methodological
challenges.

The advantage of the regional approach is that it can
address the problem related to the bias caused by the gen-
eral equilibrium effect of the RDP on non-supported firms
(Effect V) and the identification of the impacts of the RDP
measures targeting overall development of rural areas
(Effect IV).

Overall, the regional approach estimates the combined
net intraregional effects of the RDP support reflecting the
direct effect on the supported processing firms (Effect I)
and the general equilibrium effect on the non-supported
firms (Effect V). That is, the estimated net regional effect
of the RDP encompasses impacts such as the productivity
and profitability improvement of supported firms (Effect
I), the competitive pressure between supported and non-
supported firms, and the technological spillover effects or
imitation on non-supported food processing firms (Effect
V).7 Although the regional approach corrects for the intrar-
egional general equilibrium effects, it still suffers from the
bias resulted from the interregional general equilibrium
effect of the impacts of the RDP when the support allo-
cated in one region impacts the performance of non-sup-
ported food processing firms from other regions.

Further, the regional approach can capture more accu-
rately the impact of the measures targeted on the overall
development of rural areas on the food processing sector
(Effect IV) because, among others, it can compare the per-
formance of the food processing sector between the sup-
ported regions and the non-supported control regions.
The estimation approach based on micro-data usually can-
not identify impacts of these type of measures because sup-
ported and non-supported firms cannot be identified as
usually all firms in a given region are impacted by Effect IV.

A further advantage of the regional approach is that it
can estimate the aggregate regional RDP impacts of the
support on the performance of the food processing sector.
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In contrast, the estimates based on the micro-survey data
might lead to biased aggregate regional effects if sample
is not representative.

As with any approach based on micro-data, also in the
case of the regional approach it is desirable that it is applied
at the programming area level containing a sample of
regions at lower administrative units within the program-
ming area (e.g., NUTS-4 or -5). This is because MS
have certain regulatory flexibility in implementing the
RDP which allows them to design instruments tailored
to the specific needs of rural regions. This implies that
the RDP implementation usually vary across programming
areas (e.g., in terms of eligibility criteria, sectors supported)
(European Commission, 2017). If the approach is applied
at a higher level than the programming area (e.g., across
several MS), then the estimated RDP effects will be
affected by the differences in the RDP implementation
across regions because each area might imply differential
impacts depending on the implementation details (e.g.,
the impacts will likely differ for the support granted for
the adoption of new technology as compared with the sup-
port targeting improvement of environment). That is, the
estimates will provide the average RDP effect over the
different programming areas which cannot be generalized
to a specific area. One way to circumvent this problem in
quasi-experimental estimation approaches is to use dichot-
omous control variables capturing the specific implemen-
tation characteristics of the RDP across regions when
matching different types of regions. This approach will
ensure that when applying the regional approach for several
programming areas or at the EU level, the RDP effects are
derived by comparing regions that have similar implemen-
tation of the RDP.

Further, as with any approach, the overall sample size
must be sufficiently large in order to be able to identify
econometrically the RDP effects. To obtain a larger sample
size with the regional approach a straightforward strategy
could be to assess the impact of the RDP at a programming
area level containing a sample at a lower administrative
level such as NUTS-3, -4 or -5. However, there is trade-
off between the choice of regional level and to what extent
the general equilibrium effect is controlled for in esti-
mations. The lower the administrative level used in esti-
mations, the greater is the likelihood that the estimated
impacts are biased due to the presence of the interregional
general equilibrium effects. However, in the case of the
RDP, it is likely that the general equilibrium effects
occur primarily at a local level such as through local imita-
tions or impacting the price of immobile assets (e.g., land
prices). In general, the share of the RDP support is low
in the total economy;8 hence, it is expected to have an insig-
nificant economy-wide or interregional effects such as on
labour wages level or credit costs (interest rate).

DATA AND VARIABLES

To illustrate the advantages of the regional approach, we
use regional panel data for Poland at the NUTS-4 (powiat)
level for the period 2006–16. The data are available from

the Regional Data Bank published by the Polish Statistical
Office. Of the total 379 NUTS-4 regions in Poland, 314
regions (rural NUTS-4) are included in the analysis (i.e.,
approximately 83% of all NUTS-4 regions). The remain-
ing 65 regions are excluded because they represent urban
areas.

The NUTS-4 panel data set contains approximately
120 variables capturing all relevant rural development
dimensions, that is, economic, social, environmental, infra-
structural, demographic, etc. The data also include infor-
mation about the level of support for individual RDP
measures (including for FP-RDP) and the allocation of
other public support (e.g., Structural Funds). Additionally,
data contain several indicators that can be used to measure
the performance of the food processing sector.

In total we consider 63 potential socioeconomic vari-
ables as control covariates (before the RDP support
implementation, i.e., 2006)9 that can be used in the
matching in the quasi-experimental design to address
the selection bias in the allocation of the RDP support.10

Given that in the analysed period regions also received
other support than that under the RDP (or FP-RDP),
we include in the set of control variables a covariate
that reflects the level of other RDP support (in the
case of the FP-RDP) and non-RDP support (e.g., Struc-
tural Funds, other CAP subsidies, etc.) (for both the FP-
RDP and T-RDP). This variable is calculated as a cumu-
lated amount of total public support (including from
Structural Funds and both from EU and national
sources) received by an individual NUTS-4 region over
the period 2007–15 minus the support obtained from
the RDP (i.e., minus the FP-RDP for the FP-RDP esti-
mations and minus the T-RDP for the T-RDP
estimations).

An important factor determining the applicability of
the quasi-experimental approach (in particular, in the
binary treatment) is the structure of the data regarding
the support, for example, the ratio of supported to non-
supported regions. Of the total 314 regions used in this
paper, 270 (86%) received FP-RDP support, whereas
only 44 regions (14%) were unsupported by this measure.
In the case of T-RDP support, all (314) regions were sup-
ported. The comparison of the mean of covariates in the
FP-RDP supported and non-supported regions for the
pre-support period (i.e., 2006) is shown in Table G1 in
Appendix G in the supplemental data online.

We use three outcome indicators to assess the impact of
the RDP on the performance of the food processing sector
calculated as the difference between the period after the
implementation and the period before the implementation
of the RDP:

. A change (difference) in the average number of food
processing firms between 2009 and 2016.

. The number of exiting food processing firms expressed
as a cumulative number of exiting firms between 2009
and 2016.11

. A change (difference) of employment in food processing
firms between 2006 and 2013.
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The number of food processing firms measures growth
of firms (and the sector) as a whole, while the number of
exiting firms (bankruptcies) captures the intensity
(dynamics) of the structural change occurring in the food
processing sector in Poland. For example, a positive growth
in the total number of firms combined with a high firm exit
rate indicates a larger structural change as compared with a
situation when the increase in the total number of firms is
the same, but the firm exit rate is lower. The former case
also implies a higher entry rate of new firms as compared
with the latter. The change (difference) of employment
in food processing firms is a key socioeconomic indicator
reflected in RDP priorities (European Commission, 2006).

The period considered for the numbers of food proces-
sing firms and exiting firms does not exactly match the pro-
gramming before and after the implementation of the RDP
(i.e., 2007–13). This difference is determined by the data
availability at regional level which is the case for 2009
and 2016 for these two impact indicators. That is, the esti-
mations are expected to capture the RDP impacts for the
time period considered, that is, the change in the number
of food processing firms and the number of exiting firms
over the period 2009–16. The availability of the start year
2009 instead of 2006 is not expected to have a significant
implications for the estimations given that the RDP takes
considerable time until it is launched and supported pro-
jects are approved (i.e., due to the preparation of the
national and regional RDP plans by MS followed by the
launch of the calls for projects and selection of the success-
ful projects from the eligible applicants). The use of 2016 as
the last year instead of 2013 implies that we capture longer
term effects of the RDP on the number of food processing
firms and the exiting firms. In contrast, the estimated
effects for the employment impact variable are rather
short-term in nature given that 2013 is used as the last
year in our analyses.

ESTIMATION APPROACH

We employ the binary treatment framework to estimate the
FP-RDP effects, whereas for the T-RDP, we apply GPS.
This choice is made for the reason to apply the most suit-
able procedures given the data characteristics as well as to
illustrate the advantages of both approaches. In the case
of the FP-RDP support, the data contain non-treated
regions so they allow the use of a binary approach. The
GPS is applied for the T-RDP support due to the unavail-
ability of the counterfactual non-supported regions.
Further, the application of GPS allows one to estimate
how the T-RDP effects vary with the size of the support.

Binary treatment framework
We analyse the impact of the FP-RDP support on the per-
formance of the food processing sector as measured by the
average treatment on the treated (ATT), a widely applied
method in the literature for quasi-experimental evaluation
of policies (e.g., Abebaw & Haile, 2013; Démurger &
Wan, 2012; Michalek et al., 2016; Nilsson, 2017). In
this approach the causal effect of the support is the

difference between the potential outcome with the RDP
support (treated regions) and the potential outcome with-
out the support (untreated regions). For treated regions,
the expected value of the potential outcome without the
support is not directly observed. In most non-experimental
settings the estimation of the causal effect of a programme
is based on regions without support as a control group.
However, as explained above, this may result in a selection
bias, because the RDP support allocation is non-random
(Heckman, 1997; Heckman & Robb, 1985; Smith &
Todd, 2004). To address the selection bias, we apply the
ATT conditional on the probability distribution of
observed covariates. We apply the combination of match-
ing and difference-in-differences (DID) method. DID
combined with the matching algorithms was implemented
in order to remove time-invariant systematic differences
(fixed effects) between supported and non-supported
regions which might affect impact indicators.

We test three matching algorithms – Mahalanobis dis-
tance matching (MDM), PSM and coarsened exact
matching (CEM) – as well as some of their combinations
(e.g., CEM–PSM) and all jointly with DID (for more
details on matching approaches, see also Appendix E in
the supplemental data online).

Given that in our data set the number of the available
control regions is smaller than the number of supported
ones, this could create problems when attempting to find
appropriate matches using standard PSM (Stuart, 2010)
such as it may lead to a severe reduction of the number
of available matches and therefore may affect negatively
the external validity of the obtained results. We attempt
to maximize the use of information contained in the data
describing the group of possible controls (non-supported
regions) in the sense that all their possible matches (with
supported regions) will be taken into account by applying
a modified exact MDM matching. The advantages of the
modified MDM compared with a standard PSM are,
among others, that full information included in the data
set on possible controls is used, and it enables calculation
of ATT using the largest possible set of non-supported
regions as controls.

Some studies have advocated coarsened exact matching
(CEM) (e.g., Iacus, King, & Porro, 2009; Wells et al.,
2013). For this reason we also apply the CEM method.
We apply it in two ways: (1) directly, using all control vari-
ables as described above and calculating effects of the FP-
RDP by adjusting regression equation using CEM
matched regions only; and (2) in association with the
PSM–DID matching, where only regions matched under
the CEM method (supported and non-supported) were
used for the calculation of FP-RDP effects (a double
matching).12 The main advantage of CEM includes the
fact that increasing balance on one variable cannot increase
imbalance on another one (this may happen in PSM).
Other important advantages are the easiness of its
implementation, less sensitivity to measurement error and
greater computational efficiency. The drawback associated
with CEM matching is that it is very sensitive to the num-
bers of control variables and coarsened stratums (strata).
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Thus, it was necessary to reduce the set of covariates to 15
in the estimations.13

Dose–response framework
Whilst the binary treatment framework permits one to
assess the impact for the RDP support by exploiting the
information related to the receipt of the support, it fails
to account for the size (intensity) of the support. According
to their specific characteristics, regions can differ in both
obtaining or not the RDP supports and also in receiving
lower or higher support (intensity of the treatment). We
measure the intensity of the T-RDP support in terms of
the total RDP amount allocated over the supported period
(2007–13) among all considered 314 NUTS-4 regions in
Poland.

In order to estimate the effects of various support inten-
sity levels on the performance of the food processing sector,
we apply a GPS matching and the dose–response function
(Hirano & Imbens, 2004), where GPS is defined as the
conditional density of the treatment (support) given the
covariates and has a balancing property similar to the pro-
pensity score under the setting of binary treatment (Micha-
lek et al., 2014). We have selected 15 covariates for GPS
matching, the same as for the estimation of CEM method
under the binary treatment. The empirical implementation
of the GPS approach follows Hirano and Imbens (2004)
and Bia and Mattei (2008).14

RESULTS

The impacts of food processing support: binary
treatment framework
The estimated results for the FP-RDP effects on the food
processing sector for all three impact indicators using the
alternative matching approaches are presented in Table 1.
Alongside the modified MDM and CEM–PSM–DID
matching methods, we also include the standard PSM–
DID for comparison purposes. Note that PSM–DID is a
less efficient estimator for the data set used in this paper
due to the low ratio of control to supported regions.

Overall, the signs of the estimated effects are consistent
across the alternative matching approaches. However, there
is some variation in the magnitude of the estimated effects.
The estimated results show that the FP-RPD support con-
tributed to the growth of the total number of food proces-
sing firms but also to the exit of firms from the food
processing sector in Poland. Based on the modified
MDM approach, on average the support led to an increase
of the total number of food processing firms by 1.9 per sup-
ported region, which represents 513 (¼ 1.9 × 270 regions)
firms overall in Poland. The growth of the number of food
processing firms caused by the support represent 14% of the
total growth observed in the studied period (i.e., 2009–16).
The number of exiting food processing firms induced by
the FP-RPD support represents 4.9 per supported region
and 1323 firms overall in Poland. The increase in the num-
ber of firms’ exits caused by the support represents 10% of
the total exits observed in the studied period (Table 1).
Given that the FP-RPD support led to a net increase in

the total number of food processing firms, this implies
that the support contributed to the creation of 6.9 (¼
1.9 + 4.9) new firms per supported region (1836 overall in
Poland).

The CEM method estimates a greater impact for the
FP-RPD support on the number of exiting firms and a
smaller impact on the total number of firms compared
with the modified MDM approach. The increase in the
number of the food processing firms due to the FP-RPD
is positive as estimated by the CEMmethod, yet it is smal-
ler than in the case of the MDM method. In the case of
exiting food processing firms, the estimated effect is almost
twice greater in the CEM method than in the MDM
method. Indirectly, the higher firm exit due to the FP-
RPD support estimated by the CEM method implies a
smaller growth of the total number of firms. The remaining
two methods (i.e., CEM–PSM–DID and PSM–DID)
provide similar effects or are in between the modified
MDM and CEM approaches (Table 1).

Overall, these results imply that the FP-RPD support
contributed to structural change in the food processing sec-
tor in Poland by causing many firms to exit, but at the same
time it contributed to the creation of new ones and their
overall increase.

No studies in the literature estimate the impact of the
RDP support on the food processing sector in general,
and even less so on the structural change in the sector.
Most of the studies cover the farming sector. However,
even in the case of farm-focused analyses, not many studies
investigate the impact of the RDP on (farm) structural
change. A measure comparable with the FP-RDP but tar-
geted on the farming sector is the on-farm RDP invest-
ment support. This is because both types of support are
capital subsidies and are expected to induce similar incen-
tives for the beneficiary sector. To our knowledge, the
only study available in the literature that investigates the
impact of on-farm investment support on farm structural
change is Kirchweger and Kantelhardt (2015), which esti-
mates the impact of farm investment support on structural
change of farmers across different production specializ-
ations. Their results show that the on-farm investment
support reduces exit rates from husbandry and stimulates
farmers to enter organic farming. However, they do not
estimate the exit or entry into the farming (agricultural)
sector.

Although due to the FP-RDP the number of food pro-
cessing firms increased, the estimates of all considered
matching approaches suggest that the FP-RDP led to a
reduction in the employment in the food processing sector
in Poland. That is, the results show that although the FP-
RDP support contributed to an increase of employment in
the food processing sector in supported regions, this
increase was much lower than in the comparable (matched)
group of non-supported regions. The net effect of the FP-
RDP on employment was therefore negative. The employ-
ment reduction effects of the FP-RDP support vary
between 57.8 and 214.1 persons per supported region
and between 15,606 persons and 57,807 persons overall
in Poland among the alternative matching approaches.
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The results based on the modified MDM and CEM–
PSM–DID are the highest and rather close to each
other, that is, −214 versus −169 persons per region, though
in the case of the CEM–PSM–DID method, the number
of originally used control variables (65) was significantly
reduced (to 15 only). In contrast, the difference in the
absolute magnitude of the estimated FP-RDP effect
based on the modified MDMmethod is much larger com-
pared with the CEM method (Table 1).

The estimated reduction of employment could be
because the FP-RDP support in Poland targeted in par-
ticular new technology adoption and the modernization
of the technical facilities in the food processing sector
which is expected to replace labour in production process.
Similar results are obtained in some studies analysing the
impact of the on-farm RDP investment support. Although

some studies find insignificant or positive employment
effects, others bring some evidence that on-farm invest-
ment support could potentially reduce agricultural employ-
ment. For example, the estimates of Olper et al. (2014) for
150 EU regions show that the on-farm investment support
exerts a positive impact on the labour outflow from agricul-
ture potentially due to the substitution of labour by capital.
In contrast, a more extensive study by Garrone (2019) for
210 EU regions, which is based on a more representative
subsidy indicators, finds that the on-farm RDP investment
support has no effect on the labour outflow from agriculture
at the EU level (i.e., when all EU regions are pooled
together in the estimations); the effect was found signifi-
cant only in newMS by reducing labour outflow from agri-
culture in these countries, while in the old MS it was
insignificant. The estimates of Bartova and Hurnakova

Table 1. Estimated ‘food processing support’ of the Rural Development Programme (FP-RDP) effects on the food processing
sector for the alternative evaluation methodologies.

PSM–DID (65
control variables)

Modified MDM (65
control variables)

CEM–PSM–DID (15
control variables)

CEM (weighted regression
with 15 control variables)

Number of food processing firms

I. ATT–DID (per

supported region)

1.94 1.90 0.26 0.32

II. ATT–DID (per

country, I × 270

regions)

522.72 513.00 70.65 86.40

III. Effect of other

factors (IV – II)

3098 3108 3550 3535

IV. Total effect (Poland)

(2009–16)

3621 3621 3621 3621

Number of exiting food processing firms

I. ATT–DID (per

supported region)

6.27 4.90 3.97 8.45

II. ATT–DID (per

country, I × 270

regions)

1692 1323 1071 2281

III. Effect of other

factors (IV – II)

11,319 11,688 11,940 10,730

IV. Total effect (Poland)

(2009–16)

13,011 13,011 13,011 13,011

Employment in the food processing sector

I. ATT–DID (per

supported region)

−102.04 −214.10 −168.60 −57.80

II. ATT–DID (per

country, I × 270

regions)

−27,552 −57,807 −45,522 −15,606

III. Effect of other

factors (IV – II)

34,162 64,417 52,132 22,216

IV. Total effect (Poland)

(2013–06)

6610 6610 6610 6610

Note: ATT, average treatment on the treated; CEM, coarsened exact matching; DID, difference-in-differences; MDM, Mahalanobis distance matching; PSM,
propensity-score matching.
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(2016) show that the farm investment support contributed
to a decline in farm labour in large farms in Slovakia for the
period 2007–13. Desjeux et al. (2014) find that farm labour
in France during the period 2006–11 was not affected by
the contemporaneous on-farm RDP investment support
granted during the period 2006–11 only by the partici-
pation in on-farm investment support in the previous pro-
gramming period. Salvioni and Sciulli (2018) find that the
RDP support had no impact on farm employment but
increased capital–labour intensity in farms in Italy. How-
ever, they did not estimate the effects of the RDP invest-
ment support alone but combined with other measures
(i.e., on-farm farm investment support, the establishment
of young farmers, and improvement in the processing
and marketing of farm products) implying that other
non-investment measures (i.e., the establishment of
young farmers) might have offset the reduction of the
employment effect of the investment subsidies. Petrick
and Zier (2011) find no significant effect of the on-farm
investment support in three East German states, while
the investment support for processing and marketing of
agricultural products was found to have a significant nega-
tive effect on agricultural employment. Finally, Kirchweger
et al. (2015) find an insignificant impact of on-farm invest-
ment support on farm labour input in Austria.

The differences in the magnitude of the effects obtained
for the alternative matching approaches highlight the sensi-
tivity of the estimated effects to the applied matching meth-
odology. We note that the standard PSM–DID appears less
suitable than both the MDM and CEM because in a situ-
ation when there are more supported units than controls
(as is our case), the external validity of the obtained results
may be negatively affected (i.e., the obtained results are
valid for only a small fraction of supported regional units).
Regarding the MDM and CEM approaches, the results of
the modified MDM could be considered as the first best.
This is because the modifiedMDM approach uses full infor-
mation on the possible set of controls in matching non-sup-
ported units with their matching twins and enables
calculation of ATT using the largest possible set of non-sup-
ported regions as controls. In contrast, the CEM approach
being sensitive to the number of control variables, size of
coarsening (size of coarsened bins) and the number of coar-
sened strata it made necessary to reduce the set of covariates
as well as to drop a relatively significant number of regions
because exact matches could not be found. Indeed, the
sample size is usually found in the literature to be negatively
correlated with the magnitude of the estimated policy effects
(Slavin & Smith, 2009). The fact that the CEM approach
made it necessary to reduce both the number of regional
units in the matching and the number of control variables
potentially implies that, by using this approach (also in a
combination with PSM–DID), the original selection bias
could not be fully addressed.

The impacts of the T-RDP support: dose–
response framework
The estimated T-RDP effects using the dose–response
function for the three impact indicators are presented in

Figures G5–G7 in Appendix G in the supplemental data
online. Overall, the estimated effects depend on the size
(intensity) of the support. More specifically, the results
show positive effects of the T-RDP support on the number
of food processing firms. According to GPS results, the T-
RDP support led to an increase of the total number of food
processing firms approximately between zero and 12 per
supported region (i.e., up to 3768 in the whole country).
However, the GPS results suggest the effectiveness of the
support varied with the support intensity level. The
increase in the number of food processing firms dropped
with the support intensity ranging between PLN0 and
PLN180 million per region from approximately 10 firms
to around zero firms per supported region and thereafter
increased reaching in the maximum point (at the intensity
level of around PLN590 million per region) approximately
10–12 firms per supported region. A further increase of the
support intensity beyond this level leads again to a decrease
of the change of the number of food processing firms (see
Figure G5 in Appendix G in the supplemental data
online). As argued above, the T-RDP support implies var-
ious effects on the food processing sector either stimulating
or constraining the sector development. Given that the T-
RDP leads to an increase in the number of food processing
firms, the estimates suggest that the positive T-RDP
effects more than offset the negative effects.

As shown in Figure G6 in Appendix G in the sup-
plemental data online, the T-RDP support resulted in an
increase in the number of exiting food processing firms. As
above, the support effect varied with its intensity level. The
number of exiting firms decreased from approximately 40
firms per supported region to about 18 firms with the support
intensity level ranging between PLN0 and PLN450 million
per supported region and, thereafter, increased again with a
higher support intensity reaching in the maximum point
(at the intensity level of around PLN700 million per region)
approximately 35 exiting firms per supported region.

The GPS estimates show a positive impact of the T-
RDP on employment in the food processing sector. How-
ever, the effectiveness of this support varied with the sup-
port intensity level. The employment growth due to the
support decreased from around 500 persons to almost
zero persons per supported region with the support inten-
sity rising from PLN0 to PLN160 million per region. The
employment growth then increased moderately with a
higher support intensity reaching the maximum point (at
around PLN600 million per region) of approximately
270 persons per supported region (see Figure G7 in
Appendix G in the supplemental data online). These
results are different to those obtained for the FP-RDP sup-
port. The difference in the employment effects between the
T-RDP and the FP-RDP are because in the former case
many different RDP measures are included (e.g., farm
investment support, agro-environmental measures, animal
welfare, farm producers groups, support for rural infrastruc-
ture and social services), implying that many of these
measures impact positively the employment in the food
processing sector, whereas the FP-RDP is capital subsidy
which likely leads to the substitution of labour for capital.
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As mentioned above, to our knowledge no available
comparable studies in the literature analyse the impact of
the RDP on the food processing sector. Comparing instead
our estimates with the studies estimating the impact of the
T-RDP support on the farming sector, for example, Olper
et al. (2014) (covering 150 EU regions) find that the T-
RDP tends to exert a negative impact on the labour outflow
from agriculture. In contrast, a more extensive study by
Garrone (2019) for 210 EU regions, which uses a more
representative subsidy indicators, finds that the T-RDP
has no effect on the labour outflow from agriculture
when the whole EU is considered in the estimations; the
effect is significant only in the subsample of the old MS
by reducing labour outflow from agriculture in these
countries.

CONCLUSIONS

In this paper we contribute to the literature by illustrating
the application of the regional quasi-experimental esti-
mation approach to estimate the impacts of the EU RDP
support implemented in the programming period 2007–
13 on the performance of the food processing sector. We
apply a binary quasi-experimental evaluation methodology
to estimate the impact of the FP-RDP support and the
generalized PSM approach for the T-RDP. We show
how the regional approach can address some limitations
of other estimation approaches based on the micro-survey
data. Particularly we show how the regional approach can
partially address the bias caused by the general equilibrium
effects of the RDP on non-supported firms, and identify
the impacts of the RDP measures targeting overall devel-
opment of rural areas as well as how they can deliver
more accurate aggregate regional impacts for the support.
We illustrate the impact of the RDP on the performance
of the food processing sector using regional panel data for
314 Polish NUTS-4 regions for three impact indicators:
the number of food processing firms, the number of exiting
food processing firms and the employment in the food pro-
cessing sector.

The estimated results for the FP-RPD show that this
support contributed to some important structural change
in the food processing sector in Poland by causing many
firms to exit, but at the same time it contributed to the cre-
ation of new ones and their overall increase. In terms of
employment, we find that the FP-RPD led to a reduction
of labour in the food processing sector in Poland, likely
because the support induced substitution of labour for capi-
tal. Similar results were obtained for the T-RDP support.
The T-RDP caused an increase in both the total number
food processing firms and the number of exiting firms.
However, in contrast to the FP-RPD, the T-RDP support
had a positive impact on employment in the food proces-
sing sector because the T-RDP includes many different
measures, many of which impact positively the employ-
ment in the food processing sector. The GPS approach
used for estimating the T-RDP effects shows that the sup-
port effects varied with its intensity level, suggesting differ-
ent policy efficiency depending on its size.

The implication of our analyses for the RDP impact
analyses is that the regional quasi-experimental estimation
approach can provide important additional insights in
bringing evidence to support policy-making in this area.
This is valid not only for the RDP support but also for
other (non-food or non-agricultural) types of regional
development programmes. In particular, this methodology
is relevant for assessing the impacts of regional programmes
where there are important intraregional general equilibrium
effects, for programmes targeting general economic devel-
opment of regions (e.g., EU regional policy), when the
objective is to estimate the overall regional effects of the
programme, or when the micro-data are not available.
However, the application of this approach has several
important caveats that need to be taken into consideration
in policy evaluations. First, the differences in the magni-
tude of the estimates effects obtained for the alternative
binary treatment approaches highlight the need to select
carefully an appropriate matching methodology also in
order to evaluate the sensitivity of the estimated effects.
Second, although the regional approach corrects for the
intraregional general equilibrium effects – in contrast to
methods based on individual data – it still does not account
for the interregional general equilibrium effect of the RDP
impacts. Third, the estimated results in this paper as such
cannot be straightforwardly generalized to other MS/
regions or to other types of development programmes
(e.g., EU regional policy) because usually the implemen-
tation details of each programme are different (e.g., in
terms of the eligible sectors, the eligible types of firms),
and the implementation of the same programme often dif-
fers across MS/regions. Finally, while the applied esti-
mation approach can be used for other MS/regions or
other types of regional policies, the list of covariates to con-
trol for selection bias needs to be adjusted according to the
specificities of a particular programme and data structure.
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NOTES

1. According to ECA (2016), the share of beneficiaries of
CAP direct payments (i.e., farms) not represented in
FADN varies from 12% in Bulgaria to 79% in Slovakia.
In the case of sugar beet, FADN underrepresents sugar
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beet production by 18%, 99% and 235% compared with the
total populations in Greece, Slovenia and Sweden, respect-
ively. In contrast, in Italy, Slovakia, the UK and Spain, it is
over represented by 22%, 25%, 48% and 119%, respectively
(Louhichi et al., 2018). This implies that estimations based
on FADN data might in some MS lead to an overestima-
tion and in others to an underestimation of the aggregated
policy impacts at the MS level depending on the bias in the
representation of a given sector or farm population.
2. Recently, a novel methodological approach was pro-
posed based on ‘spatial propensity score matching’ tech-
nique (De Castris & Pellegrini, 2016).
3. Empirical applications in the literature estimating pol-
icy impacts at a regional level usually use NUTS-2 data
(e.g., Olper et al., 2014; Garrone, 2019); data at lower
regional unit are used to a lesser extent, although their
application has increased recently (e.g., Fratesi & Perucca,
2014; Desjeux et al., 2014; Bakucs et al., 2019). This choice
is mainly driven by data availability. At the NUTS-2 level,
most of the variables required for estimations exist. At a
lower regional level (e.g., NUTS-3 or -4), detailed data
are usually not available for the full set of required variables
or regions, which restricts the application of econometric
estimations (Piattoni & Polverari, 2016).
4. For the background information on the RDP support,
see Appendix A in the supplemental data online.
5. For more information about the food processing sector
in Poland, see Appendix B in the supplemental data online.
6. For a more detailed explanation about the challenges
when identifying the RDP effects, see Appendix C in the
supplemental data online.
7. The regional approach estimates the average RDP
effect of the impacts occurring at the firm-level across
regions. In contrast, one can estimate the region-specific
direct effects of the RDP support (Effect I) using firm-
level data if a sufficient number of firm-level observations
are available for each region. However, as argued above,
such estimations might be biased due to the presence of
the general equilibrium effects.
8. Based on gross domestic product (GDP) data from the
Eurostat and RDP budget from ENRD (2015b), the share
of the T-RDP (FP-RDP) support for the period 2007–13
is 4.4 (0.24%) of GDP in 2013 and 0.69% (0.04) of the
sum of GDP over the whole support period 2007–13.
9. All variables were checked for consistency and outliers.
Correlation and covariance analysis was carried out in order
to sort out variables which were almost perfectly correlated
to each other.
10. For a more detailed explanation about the selection of
covariates, see Appendix D in the supplemental data
online.
11. The number of exiting food processing firms was
measured as the number of food processing firms crossed
off from the firm registry (inter alia, due to bankruptcy).
12. As in Blackwell, Iacus, King, and Porro (2010).
13. The list of selected covariates includes: total popu-
lation, natural population growth, three environmental pol-
lution variables (i.e., emissions of dust/smog, emission of
gas and percentage of sewage cleaned), employment per

1000 population, unemployment rate, number of dwellings
per population, investment in enterprises, gross salary,
value of fixed assets, urban population (per cent of the
total), rural unemployment and other public funds. These
covariates were selected because they are important determi-
nates in the allocation of the RDP funds between regions.
14. For a description of the GPS approach, see Appendix
F in the supplemental data online (see also Hirano &
Imbens, 2004; Michalek et al., 2014).
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