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Abstract 
 
This paper evaluates the effects of rural development payments on vitality in rural Romania using counterfactual 
econometric methods. Our study shows that the design and uptake level of the RD measures highly influences the effects 
of the payments. The majority of payments focusing primarily on the competitiveness of the agricultural sector show 
either no or a negative effect on secondary targets such as improving quality of life of the rural population. We find that 
the more payments for non-agricultural activities were devoted the higher the impact on rural vitality.  
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INTRODUCTION 
 
Since Romania entered the European Union in 
2007, the macroeconomic indicators of the 
overall economy have steadily improved. 
Despite this trend, rural areas in Romania are 
strongly lagging. The economic output of rural 
areas was in 2013 still 69% lower than that of 
urban regions and almost half of the people 
living in rural areas were exposed to poverty 
risk and social exclusion (European 
Commission, 2016). At the time of its 
accession to the European Union, most rural 
communities were suffering from a lack of 
basic infrastructure and an insufficient access 
to public services (Gherghinescu, 2008). The 
improvement of living conditions and quality 
of life in rural areas has been considered an 
important challenge, which has also been 
addressed by Romania’s agricultural policy. 
More than €8 billions of public funds (both EU 
and national) were invested via rural 
development measures in each of two 
programming periods, with a decrease, 
however, in the share of the total CAP budget 
from 51% between 2007-2013, to 42% between 
2014-2020.  
Scientific studies that have evaluated the 
effects of European rural development 
payments (RDP) on quality of life are still rare 
because of the complexity and variable uptake 

of these payments, the rural diversity of the 
European Union, and the often unclear targets 
of the measures (Midmore et al., 2008; 
Michalek, 2012). Most papers evaluating rural 
development payments focus on the impact on 
economic performance (Medonos et al., 2012; 
Hlavsa et al., 2017), structural change 
(Kirchweger et al., 2015) or employment 
(Petrick et al., 2011). From a methodological 
point of view, the evaluation of RDP on quality 
of life faces two major problems, as follows: 
(1) the use of indicators for measuring RD that 
consider a clear causality between RD policy 
and its objectives, and (2) the creation of a 
counterfactual situation for the evaluation of 
the payments. A diverse range of methods has 
been applied to develop RD indicators (see 
Michalek et al., 2012). Composite index 
approaches turned out to be the most suitable to 
measure different aspects of quality of life in 
rural areas and the diversification of the rural 
economy. The generation of a counterfactual 
situation was solved by Computable General 
Equilibrium (CGE) modelling (Psaltopoulos et 
al., 2011), Propensity Score Matching or 
Difference in Difference methodologies 
(Michalek, 2012; Petrick et al., 2011).  
The effects of Romania’s RD program in the 
period of 2007–2013 were evaluated only by 
the European Commission’s mandatory ex post 
evaluation program (Floria et al., 2017). A 

comprehensive quantitative evaluation of how 
the different types of RD measures 
implemented during the first program period in 
Romania influence the living conditions of the 
rural population is still missing. Furthermore, 
although a large heterogeneity in terms of the 
project budgets and project designs across the 
regions has been observed, we do not know the 
extent to which these items affect the 
effectivity of a RD measure.  
To close this research gap, this paper estimates 
the effects of RDP during the first program 
period from 2007 to 2013 on the change in 
indicators of rural vitality for Romania. We 
analyze the effects of single RD measures. 
Furthermore, our study considers variable 
uptake levels of a specific measure across the 
regions. Thus, we analyze different total 
payment levels and their effects on rural 
vitality. The study is carried out at the 
community (LAU21) level using propensity 
score matching (PSM).  
The main contribution of our paper is that it 
evaluates a set of single RD measures, as well 
as different uptake levels of a specific RD 
measure. 
The remainder of this paper is organized as 
follows. Section 2 gives an introduction to the 
Romanian agricultural policy and its RD 
program. Section 3 focuses on the concept of 
measuring RD based on the composite rural 
vitality indicator. In Section 4, the database and 
methods are introduced, followed by the results 
and a critical discussion in Section 5 and 6. 
 
RURAL DEVELOPMENT MEASURES IN 
ROMANIA IN THE PERIOD OF 2007–
2013 
The Common European RD policy focused on 
four specific targets (also called axes) in the 
period of 2007-2013, described as follows: 
(Axis 1) the improvement of the 
competitiveness of the agricultural and forestry 
sector; (Axis 2) the improvement of the 
environment and countryside; (Axis 3) the 
improvement of the quality of life in rural 
areas; and (Axis 4) the development of 
integrated RD initiatives. RD measures were 
                                                 
1The local administrative unitsare compatible with Nomencla-
ture of Territorial Units for Statistics (NUTS). The lower level 
(LAU2, formerly NUTS level 5) consists of municipalities or 
equivalent units. We refer to a LAU2 region as community. 

classified based on this axes system reflecting 
the primary intervention logic of each measure.  
In 2007, at the time of Romania’s accession to 
the EU, the government’s priorities were to 
overcome subsistence levels of productivity in 
the agricultural sector and to improve the 
quality of life in rural areas, as well as to 
encourage the diversification of the rural 
economy (Floria et al., 2017). Table 1 gives an 
overview on Romania’s RD measures and the 
amounts contracted by the submitted projects 
under Axes 1, 3 and 4. We analyze five RD 
measures targeting primarily on Axis 1and 
secondarily on Axis 3 (Supporting young 
farmers; Investment in agri- and forest 
holdings, supporting semi-subsistence farms; 
Investments in processing industries; 
Investments in agri-forest infrastructure),two 
RD measures focusing primarily on Axis 3 
(Investments in non-agricultural activities; 
Village renewal and development) and one 
Axis 4 measure (LEADER projects). 
 
A RURAL VITALITY INDEX FOR 
ANALYZING RURAL DEVELOPMENT 
POLICIES 
In the EU policy framework, RDP play a key 
role in maintaining or increasing rural vitality 
beyond agriculture in Europe (Hart et al., 
2011). For this reason, we evaluate Romania’s 
RDP in terms of their contribution to rural 
vitality (RV). Thus, this section gives an 
overview of the concept of RV and the 
literature on measuring RV based on a 
composite index.  
Although the concept of RV is understood in 
various ways, Hart et al. (2011) stated that it 
generally refers to the availability of a certain 
level of economic opportunity, a minimum 
level of services and infrastructure as well as 
human capacity and functioning social 
networks to sustain the long-term viability and 
attractiveness of rural areas as places to live, 
work and visit. The land, the character of the 
landscape, climate and other natural factors all 
serve to shape the customs, traditions and 
identity of rural areas. Agriculture can help to 
sustain rural vitality through the role that the 
farming population and associated rural 
activities and traditions play in rural areas.  
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Table 1. Public expenditures of Rural Development (RD) Measures under Axes 1, 3 and 4 of the Romanian RD 
Program, 2007-2013 (Floria et al., 2017) 

No Types of RD measures  Code Purpose Budget 
Million  
EURO 

RD measures with primary focus on Axis 1 and secondary focus on Axis 3 

1 Improving knowledge 
transfer 

111 Improving human potential to ensure the sustainable management and 
modernization of the agricultural and forestry sector.Vocational training 
and information actions.  

79 

2 Supporting young 
farmers 

112 Facilitating the entry into the agricultural sector of properly qualified 
young farmers and generational renewal. 

304* 

3 Investment in agri- and 
forest holdings 

121 
122 

Modernization of the nearly 3,400 large-scale agricultural and forest 
holdings. 

819 

4 Investments in 
processing industries 

123 Supporting investments in the processing and marketing of agricultural 
products. Adding value to agriculture and forestry products.  

720* 

5 Investments in agri-forest 
infrastructure 

125 Improvement of the infrastructure related to the development of the 
agricultural and forestry sector. Investments cover an access to farm 
and forest land, land consolidation, energy supply, water management 
such as improvement of irrigation networks and drainage. 

568* 

6 Supporting semi-
subsistence farms 

141 Improvement of the farm management and market orientation of small-
scale agricultural holdings.  

359* 

7 Supporting producer 
groups 

142 Encouraging the setting up of producer groups in agriculture and 
forestry to increase the competitiveness of the sector. 

*22 

8 Investments in advisory 
services 

143 Strengthening the knowledge base in rural areas to restructure and 
improve the overall performance. 

*12 

 Total   Axis 1 agricultural activities 2,872*** 

RD measures with primary focus on Axis 3 

9 Investments in non-
agricultural activities 

312 
313 

Support for business creation and development (non-agricultural 
activities); encouragement of tourism activities. 

741* 

10 Village renewal and 
development 

322 Development of basic physical infrastructure and basic public services 
to support local development, including investments in local roads, 
wastewater/water supply facilities, crèches, kindergartens, after school 
programs, agricultural high schools, and cultural patrimony buildings.  

1,596*** 

 Total  Axis 3 non-agricultural activities and village renewal 2,337 

RD measures with primary focus on Axis 4 and secondary focus on Axis 3 

10 LEADER projects 41, 421, 
431, 432 

Promoting local development and improving governance in rural areas. 
Implementing cooperation projects.  

386386* 

 Total  Axes 1 , 3 and 4 5,595** 

Axis 1: Improving the competitiveness of the agricultural and forestry sector. Axis 3: Improving the quality of life in rural areas and encouraging 
diversification of the rural economy. Axis 4: LEADER approach in programming integrated RD initiatives. Source: Agency for Rural Investment 
Financing (AFIR), 2017. LEADER is an acronym for Liaison entre actions de développement de l’économie rurale. This translates into English as 
Links between the rural economy and development actions. 
 
Linkages work both ways. Where rural areas 
remain economically and socially vibrant, this 
can also help to support the continuation of 
economic activities such as agriculture and 
forestry, which in turn are important in 
providing environmental public goods upon 
which some economic sectors - such as rural 
tourism and recreation - depend. 

The concept of RV is useful for the evaluation 
of RDP because it includes all aspects that are 
relevant for assessing RD policies (Michalek et 
al., 2012). Moreover, it emphasizes the 
importance of slowing down migration from 
rural to urban regions and reversing the 
increase in the average rural inhabitants’ age 
for preserving a sufficiently active population 

(Turcanu, 2012). Furthermore, the concept 
highlights that a vital rural economy not only 
provides jobs, but also preserves a minimum 
level of services and infrastructure. However, 
an index that measures RV must include 
components from population and demo-
graphics, economic structure and performance, 
social wellbeing and equity, and environment 
and sustainability (Koomen, 2011). As data for 
social wellbeing issues, the environment and 
sustainability are not available for a 

comprehensive quantitative analysis in 
Romania, we use a socioeconomic interpret-
tation of the concept of RV developed by 
Koomen (2011). This interpretation of RV 
considers attributes from three different fields, 
as follows: (1) population/demography attri-
butes, (2) economic activities, and (3) available 
facilities. Attributes are measured both in terms 
of structure (actual state) and performance 
(development over time; Table 2). 

 
Table 2. Attributes for Measuring Socioeconomic Rural Vitality 

Attributes Structural indicators Performance indicators 
Vital population Number of residents Rate of change in number of residents 
 Age distribution (percentage of inhabitants < 15 years) Rate of change in age distribution 
Vital economic activity  Employment Rate of change in employment  
Vital facilities Number of basic facilities 

(retail outlets, schools, catering establishments, 
basic medical services, banks/post offices) 

Rate of change in basic facilities 

Source: Koomen (2011) 
 
DATABASE AND METHODS 
 
Database 
Our database includes records on agricultural 
payments (Pillars I and II), population, land 
use, new enterprises, and distances to urban 
regions for 2,861 predominantly rural 
communities2 at the lower LAU level 2 (Table 
3). Our data-base combines publicly available 
and on request available records from different 
data sources. The data on RDP were provided 
by the Romanian funding agency responsible 
for the management of the RD funds (AFIR) 
and are constituted by the aggregation at the 
LAU2 level for the overall expenditures from 
the EAFRD (2007-2013). This database 
includes the RDP for all approved projects with 
code measures on Axes 1, 3, and 4. The 
database on new enterprises in 2009-2015 
distinguishes 27 different NACE3 categories. 
We estimate the number of new jobs generated 
by the new enterprises in rural communities 
based on the average number of employees per 
NACE category in Romania. 
As some of the parameters (e.g., Pillar I 
payments, structure of arable crops, and 

                                                 
2The Romanian National Institute of Statistics (INS) is classi-
fying 2861 communities out of 3179 as predominantly rural. 
We excluded from our analysis the 33 rural communities be-
longing to the Ilfov county because they are still in the outskirts 
of Romania’s capital. 
3European Classification of Economic Activities. 

standard output [SO] of agricultural products) 
are only available at the county (NUTS3) or 
even higher territorial level, we estimate the 
corresponding values for the communities 
(LAU2). For example, we use the average 
Pillar I payments per hectare of utilized 
agricultural area (UAA) at the county level and 
the total UAA at the community level to assess 
the Pillar I payments per community. Data on 
distances to urban centers (from a community 
to the next small town with more than 15,000 
inhabitants and from a community to the 
capital of the county) are calculated using 
QGIS (an open-source cross-platform for 
analyzing geospatial data). As the database 
stems from many different data sources, not all 
variables are available over the identical 
period.  
Measuring rural vitality  
We measure RV based on two indicators 
describing a vital population development, one 
indicator describing a vital economic 
development and two indicators that specify the 
rate of change of available facilities (Table 4). 
A vital population development is defined by 
the increase of the population and rate of 
growth in employable inhabitants aged of 15-
64 years. The latter was chosen because the 
emigration of the working population from 
rural areas to urban centers is one of the main 
problems for rural Romanian communities 
(European Commission, 2016). We measure a 



85

Table 1. Public expenditures of Rural Development (RD) Measures under Axes 1, 3 and 4 of the Romanian RD 
Program, 2007-2013 (Floria et al., 2017) 

No Types of RD measures  Code Purpose Budget 
Million  
EURO 

RD measures with primary focus on Axis 1 and secondary focus on Axis 3 

1 Improving knowledge 
transfer 

111 Improving human potential to ensure the sustainable management and 
modernization of the agricultural and forestry sector.Vocational training 
and information actions.  

79 

2 Supporting young 
farmers 

112 Facilitating the entry into the agricultural sector of properly qualified 
young farmers and generational renewal. 

304* 

3 Investment in agri- and 
forest holdings 

121 
122 

Modernization of the nearly 3,400 large-scale agricultural and forest 
holdings. 

819 

4 Investments in 
processing industries 

123 Supporting investments in the processing and marketing of agricultural 
products. Adding value to agriculture and forestry products.  

720* 

5 Investments in agri-forest 
infrastructure 

125 Improvement of the infrastructure related to the development of the 
agricultural and forestry sector. Investments cover an access to farm 
and forest land, land consolidation, energy supply, water management 
such as improvement of irrigation networks and drainage. 

568* 

6 Supporting semi-
subsistence farms 

141 Improvement of the farm management and market orientation of small-
scale agricultural holdings.  

359* 

7 Supporting producer 
groups 

142 Encouraging the setting up of producer groups in agriculture and 
forestry to increase the competitiveness of the sector. 

*22 

8 Investments in advisory 
services 

143 Strengthening the knowledge base in rural areas to restructure and 
improve the overall performance. 

*12 

 Total   Axis 1 agricultural activities 2,872*** 

RD measures with primary focus on Axis 3 

9 Investments in non-
agricultural activities 

312 
313 

Support for business creation and development (non-agricultural 
activities); encouragement of tourism activities. 

741* 

10 Village renewal and 
development 

322 Development of basic physical infrastructure and basic public services 
to support local development, including investments in local roads, 
wastewater/water supply facilities, crèches, kindergartens, after school 
programs, agricultural high schools, and cultural patrimony buildings.  

1,596*** 

 Total  Axis 3 non-agricultural activities and village renewal 2,337 

RD measures with primary focus on Axis 4 and secondary focus on Axis 3 

10 LEADER projects 41, 421, 
431, 432 

Promoting local development and improving governance in rural areas. 
Implementing cooperation projects.  

386386* 

 Total  Axes 1 , 3 and 4 5,595** 

Axis 1: Improving the competitiveness of the agricultural and forestry sector. Axis 3: Improving the quality of life in rural areas and encouraging 
diversification of the rural economy. Axis 4: LEADER approach in programming integrated RD initiatives. Source: Agency for Rural Investment 
Financing (AFIR), 2017. LEADER is an acronym for Liaison entre actions de développement de l’économie rurale. This translates into English as 
Links between the rural economy and development actions. 
 
Linkages work both ways. Where rural areas 
remain economically and socially vibrant, this 
can also help to support the continuation of 
economic activities such as agriculture and 
forestry, which in turn are important in 
providing environmental public goods upon 
which some economic sectors - such as rural 
tourism and recreation - depend. 

The concept of RV is useful for the evaluation 
of RDP because it includes all aspects that are 
relevant for assessing RD policies (Michalek et 
al., 2012). Moreover, it emphasizes the 
importance of slowing down migration from 
rural to urban regions and reversing the 
increase in the average rural inhabitants’ age 
for preserving a sufficiently active population 

(Turcanu, 2012). Furthermore, the concept 
highlights that a vital rural economy not only 
provides jobs, but also preserves a minimum 
level of services and infrastructure. However, 
an index that measures RV must include 
components from population and demo-
graphics, economic structure and performance, 
social wellbeing and equity, and environment 
and sustainability (Koomen, 2011). As data for 
social wellbeing issues, the environment and 
sustainability are not available for a 

comprehensive quantitative analysis in 
Romania, we use a socioeconomic interpret-
tation of the concept of RV developed by 
Koomen (2011). This interpretation of RV 
considers attributes from three different fields, 
as follows: (1) population/demography attri-
butes, (2) economic activities, and (3) available 
facilities. Attributes are measured both in terms 
of structure (actual state) and performance 
(development over time; Table 2). 

 
Table 2. Attributes for Measuring Socioeconomic Rural Vitality 

Attributes Structural indicators Performance indicators 
Vital population Number of residents Rate of change in number of residents 
 Age distribution (percentage of inhabitants < 15 years) Rate of change in age distribution 
Vital economic activity  Employment Rate of change in employment  
Vital facilities Number of basic facilities 

(retail outlets, schools, catering establishments, 
basic medical services, banks/post offices) 

Rate of change in basic facilities 

Source: Koomen (2011) 
 
DATABASE AND METHODS 
 
Database 
Our database includes records on agricultural 
payments (Pillars I and II), population, land 
use, new enterprises, and distances to urban 
regions for 2,861 predominantly rural 
communities2 at the lower LAU level 2 (Table 
3). Our data-base combines publicly available 
and on request available records from different 
data sources. The data on RDP were provided 
by the Romanian funding agency responsible 
for the management of the RD funds (AFIR) 
and are constituted by the aggregation at the 
LAU2 level for the overall expenditures from 
the EAFRD (2007-2013). This database 
includes the RDP for all approved projects with 
code measures on Axes 1, 3, and 4. The 
database on new enterprises in 2009-2015 
distinguishes 27 different NACE3 categories. 
We estimate the number of new jobs generated 
by the new enterprises in rural communities 
based on the average number of employees per 
NACE category in Romania. 
As some of the parameters (e.g., Pillar I 
payments, structure of arable crops, and 

                                                 
2The Romanian National Institute of Statistics (INS) is classi-
fying 2861 communities out of 3179 as predominantly rural. 
We excluded from our analysis the 33 rural communities be-
longing to the Ilfov county because they are still in the outskirts 
of Romania’s capital. 
3European Classification of Economic Activities. 

standard output [SO] of agricultural products) 
are only available at the county (NUTS3) or 
even higher territorial level, we estimate the 
corresponding values for the communities 
(LAU2). For example, we use the average 
Pillar I payments per hectare of utilized 
agricultural area (UAA) at the county level and 
the total UAA at the community level to assess 
the Pillar I payments per community. Data on 
distances to urban centers (from a community 
to the next small town with more than 15,000 
inhabitants and from a community to the 
capital of the county) are calculated using 
QGIS (an open-source cross-platform for 
analyzing geospatial data). As the database 
stems from many different data sources, not all 
variables are available over the identical 
period.  
Measuring rural vitality  
We measure RV based on two indicators 
describing a vital population development, one 
indicator describing a vital economic 
development and two indicators that specify the 
rate of change of available facilities (Table 4). 
A vital population development is defined by 
the increase of the population and rate of 
growth in employable inhabitants aged of 15-
64 years. The latter was chosen because the 
emigration of the working population from 
rural areas to urban centers is one of the main 
problems for rural Romanian communities 
(European Commission, 2016). We measure a 
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vital economic development in rural 
communities by the total number of new jobs 
created in newly established enterprises per 
inhabitant over the period beginning with the 
introduction of the RD program. Because data 
on basic facilities, such as retail outlets, 
schools, catering establishments, and basic 
medical services, are not available for rural 
communities in Romania, at LAU2 level, we 
use data on the area covered with buildings and 
roads as proxies for the available facilities 
(Table 4). A vigintile (20-quantile) ranking is 
used for aggregating the indicators to a 
composite rural vitality index (RVI). A 
community’s ranking for one indicator is 
determined by grouping all the communities 
into 20 equally large groups of communities 
(vigintiles). The 5% of communities in vigintile 
1, with the lowest values for one indicator, 
receive a ranking of 1, while the 5% of 
communities in vigintile 20, with the highest 
values, receive a ranking of 20. Finally, the 
rankings of all the indicators are summed up to 
a composite RVI using weighting factors listed 
in Table 4. The weighting factors are 
determined so that all three attributes are 
equally considered in the index and that the 
RVI has a range from 1 to 20. The means and 
distributions of the indicators across the 
communities are shown in Table 6. 
Propensity score matching 
The fundamental methodological problem of 
evaluating the effect of RDP involves finding a 
good counterfactual state for a community that 
received the RDP support in 2007-2013 (see 
Khandker et al., 2009). In our study, the 
counterfactual state is defined by a 
community’s hypothetical outcome (e.g., RVI) 
that would have been observed without 
receiving RDP in 2007-2013 (see Roy, 1951; 
Rubin, 1974). Since the counterfactual state is 
not observed, the identification of the treatment 
effect (effect of RDP) is essentially a problem 
of missing data (Blundell et al., 2000). In 
general, the construction of the counterfactual 
state is usually complicated by self-selection 
(on observables and unobservables). Empirical 
data are more difficult, since it is always 
possible that there are unobservables affecting 
the distribution of RDP.
We use PSM for estimating the counterfactual 
state. PSM attempts to reduce the bias that 

could be found in an estimate of the RDP effect 
obtained from simply comparing the outcome 
variable Y among communities that received 
payments [Y (1)| RDP = 1]versus those that did 
not[Y (0)| RDP = 0], by matching techniques of 
covariates X. Therefore, the 2,828 
predominately rural Romanian communities are 
divided into treatment [RDP = 1] and non-
treatment [RDP = 0] groups that have similar 
values for all covariates X. PSM follows a two-
step procedure. In the first step, it estimates a 
conditional probability for each community 
(propensity score P) for receiving RDP by 
considering the matching variables X (Equation 
1):  
 
P(X) = Pr(RDP = 1| X = x)  (1) 
 
In a second step, the mean difference between 
the outcomes (Y) of the treated communities 
and those of the untreated communities 
(counterfactual state) appropriately weighted 
by the propensity score distribution of 
participants, reflects the PSM estimator for the 
average treatment effect of the treated (ATT; 
Equation 2):  

 
 

We calculate the PSM estimator for ATT for the 
outcome variables RVI. 
Estimating the ATT based on PSM requires two 
assumptions. First, the conditional indepen-
dence assumption (CIA) states that, for a given 
set of covariates, the treatment is independent 
of the potential outcome. This implies, that 
selection is solely based on observable 
characteristics and that all variables that 
influence treatment assignment and potential 
outcomes simultaneously are observed. The 
second condition is that the ATT is only defined 
in the region of common support. It ensures that 
communities with the same X values have a 
positive probability of being both treated and 
non-treated communities. The ATT is calculated 
using PSmatch2 in Stata. 
As we do not know how the matching 
technique influences the results, we carry out a 
sensitivity analysis. Beyond the kernel 
matching techniques, we use the two-nearest-
neighbor matching technique and ordinary least 
squares (OLS).  

Table 3. Database Description 
 

Variable  
category 

Description Territo-
rial level 

Proxy for the 
distribution 

to LAU2 

Time Source 

CAP Payments 

Rural devel-
opment (RD) 
payments 

Payments for all approved projects (nine different Axis 1 
measures, three Axis 3 measures, and four Axis 4 measures) 

LAU2  2007-
2014 

AFIR 
/APDRP 

Pillar I pay-
ments 

SAPS payments LEI for 2007-2015,  
Market support payments: 24 coupled support schemes 

NUTS3 UAA 2007-
2015  

MADR, 
APIA 

Socioeconomics Variables 

De-
mographics 

Change in the number of residents over the period in % 
(2010-2015); 
Change in the sex structure 
Change in the age structure, 10 age classes 

LAU2   2009-
2016 

INS 

Gross domes-
tic product 
(GDP) 

GDP by county, calculated according NACE Rev. 2 NUTS3 Equally 
considered to 
LAU2 

2007-
2015 

INS 

Employment 
rate 

Employment rate of labor resources by gender, county level NUTS3 Equally 
distributed to 
LAU2 

2007-
2015 

INS 

New enter-
prises 

Number of new created enterprises for 27 NACE categories  LAU2  2009-
2015 

INS 

Employees  Average number of employees in 27 NACE categories NUTS0 Equally 
considered to 
LAU2 

2015 INS 

New jobs New jobs in new companies per 1000 employments  LAU2  2009
–
2015 

INS–own 
calcula-
tions 

Territorial/Infrastructure indicators 

Distances to 
urban areas 

Kilometers from the community to the capital of the county 
(NUTS3) 
Kilometers from the community to the next small town 
(15,000 inhabitants) 

LAU2  2016 GIS–own 
calcula-
tions  

Touristic 
capacities 

Touristic capacities [no. places/100 inhab.] LAU2  2007-
2014 

INS 

Agricultural indicators 

Land use Utilized agricultural area (UAA, ha) 
Arable land, vineyards, orchards, meadows, and pastures (ha) 
Non-agricultural area (ha) 
Area covered with buildings and roads (ha), unproductive 
area (ha). 

LAU2  2007 
2010 
2014 

INS  

Arable crop 
structure 

Share of the most important 15 crops NUTS3 Equally 
consideredto 
LAU2 

2007-
2014 

INS 

Animals Heads for four different animal categories (bovines, sheep, 
pigs, poultry) 

NUTS3 UAA  INS 

Standard 
output (SO) 

SO coefficients for 20 agricultural products (EURO) NUTS1 UAA 2007-
2010 

Eurostat 

Agricultural 
output 

Arable crops structure * arable land * SO arable products + 
Vineyards * SO wine + Orchards * SO fruits + Pas-
tures/meadows * SO pastures + Animals * SO animals (EU-
RO) 

LAU2  2007-
2014 

Own 
calcula-
tions 

INS: Romanian National Institute of Statistics; MADR: Ministry of Agriculture and Rural Development; APIA: Agency for Payments and Intervention 
in Agriculture; AFIR: Agency for Financing the Rural Investments  
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vital economic development in rural 
communities by the total number of new jobs 
created in newly established enterprises per 
inhabitant over the period beginning with the 
introduction of the RD program. Because data 
on basic facilities, such as retail outlets, 
schools, catering establishments, and basic 
medical services, are not available for rural 
communities in Romania, at LAU2 level, we 
use data on the area covered with buildings and 
roads as proxies for the available facilities 
(Table 4). A vigintile (20-quantile) ranking is 
used for aggregating the indicators to a 
composite rural vitality index (RVI). A 
community’s ranking for one indicator is 
determined by grouping all the communities 
into 20 equally large groups of communities 
(vigintiles). The 5% of communities in vigintile 
1, with the lowest values for one indicator, 
receive a ranking of 1, while the 5% of 
communities in vigintile 20, with the highest 
values, receive a ranking of 20. Finally, the 
rankings of all the indicators are summed up to 
a composite RVI using weighting factors listed 
in Table 4. The weighting factors are 
determined so that all three attributes are 
equally considered in the index and that the 
RVI has a range from 1 to 20. The means and 
distributions of the indicators across the 
communities are shown in Table 6. 
Propensity score matching 
The fundamental methodological problem of 
evaluating the effect of RDP involves finding a 
good counterfactual state for a community that 
received the RDP support in 2007-2013 (see 
Khandker et al., 2009). In our study, the 
counterfactual state is defined by a 
community’s hypothetical outcome (e.g., RVI) 
that would have been observed without 
receiving RDP in 2007-2013 (see Roy, 1951; 
Rubin, 1974). Since the counterfactual state is 
not observed, the identification of the treatment 
effect (effect of RDP) is essentially a problem 
of missing data (Blundell et al., 2000). In 
general, the construction of the counterfactual 
state is usually complicated by self-selection 
(on observables and unobservables). Empirical 
data are more difficult, since it is always 
possible that there are unobservables affecting 
the distribution of RDP.
We use PSM for estimating the counterfactual 
state. PSM attempts to reduce the bias that 

could be found in an estimate of the RDP effect 
obtained from simply comparing the outcome 
variable Y among communities that received 
payments [Y (1)| RDP = 1]versus those that did 
not[Y (0)| RDP = 0], by matching techniques of 
covariates X. Therefore, the 2,828 
predominately rural Romanian communities are 
divided into treatment [RDP = 1] and non-
treatment [RDP = 0] groups that have similar 
values for all covariates X. PSM follows a two-
step procedure. In the first step, it estimates a 
conditional probability for each community 
(propensity score P) for receiving RDP by 
considering the matching variables X (Equation 
1):  
 
P(X) = Pr(RDP = 1| X = x)  (1) 
 
In a second step, the mean difference between 
the outcomes (Y) of the treated communities 
and those of the untreated communities 
(counterfactual state) appropriately weighted 
by the propensity score distribution of 
participants, reflects the PSM estimator for the 
average treatment effect of the treated (ATT; 
Equation 2):  

 
 

We calculate the PSM estimator for ATT for the 
outcome variables RVI. 
Estimating the ATT based on PSM requires two 
assumptions. First, the conditional indepen-
dence assumption (CIA) states that, for a given 
set of covariates, the treatment is independent 
of the potential outcome. This implies, that 
selection is solely based on observable 
characteristics and that all variables that 
influence treatment assignment and potential 
outcomes simultaneously are observed. The 
second condition is that the ATT is only defined 
in the region of common support. It ensures that 
communities with the same X values have a 
positive probability of being both treated and 
non-treated communities. The ATT is calculated 
using PSmatch2 in Stata. 
As we do not know how the matching 
technique influences the results, we carry out a 
sensitivity analysis. Beyond the kernel 
matching techniques, we use the two-nearest-
neighbor matching technique and ordinary least 
squares (OLS).  

Table 3. Database Description 
 

Variable  
category 

Description Territo-
rial level 

Proxy for the 
distribution 

to LAU2 

Time Source 

CAP Payments 

Rural devel-
opment (RD) 
payments 

Payments for all approved projects (nine different Axis 1 
measures, three Axis 3 measures, and four Axis 4 measures) 

LAU2  2007-
2014 

AFIR 
/APDRP 

Pillar I pay-
ments 

SAPS payments LEI for 2007-2015,  
Market support payments: 24 coupled support schemes 

NUTS3 UAA 2007-
2015  

MADR, 
APIA 

Socioeconomics Variables 

De-
mographics 

Change in the number of residents over the period in % 
(2010-2015); 
Change in the sex structure 
Change in the age structure, 10 age classes 

LAU2   2009-
2016 

INS 

Gross domes-
tic product 
(GDP) 

GDP by county, calculated according NACE Rev. 2 NUTS3 Equally 
considered to 
LAU2 

2007-
2015 

INS 

Employment 
rate 

Employment rate of labor resources by gender, county level NUTS3 Equally 
distributed to 
LAU2 

2007-
2015 

INS 

New enter-
prises 

Number of new created enterprises for 27 NACE categories  LAU2  2009-
2015 

INS 

Employees  Average number of employees in 27 NACE categories NUTS0 Equally 
considered to 
LAU2 

2015 INS 

New jobs New jobs in new companies per 1000 employments  LAU2  2009
–
2015 

INS–own 
calcula-
tions 

Territorial/Infrastructure indicators 

Distances to 
urban areas 

Kilometers from the community to the capital of the county 
(NUTS3) 
Kilometers from the community to the next small town 
(15,000 inhabitants) 

LAU2  2016 GIS–own 
calcula-
tions  

Touristic 
capacities 

Touristic capacities [no. places/100 inhab.] LAU2  2007-
2014 

INS 

Agricultural indicators 

Land use Utilized agricultural area (UAA, ha) 
Arable land, vineyards, orchards, meadows, and pastures (ha) 
Non-agricultural area (ha) 
Area covered with buildings and roads (ha), unproductive 
area (ha). 

LAU2  2007 
2010 
2014 

INS  

Arable crop 
structure 

Share of the most important 15 crops NUTS3 Equally 
consideredto 
LAU2 

2007-
2014 

INS 

Animals Heads for four different animal categories (bovines, sheep, 
pigs, poultry) 

NUTS3 UAA  INS 

Standard 
output (SO) 

SO coefficients for 20 agricultural products (EURO) NUTS1 UAA 2007-
2010 

Eurostat 

Agricultural 
output 

Arable crops structure * arable land * SO arable products + 
Vineyards * SO wine + Orchards * SO fruits + Pas-
tures/meadows * SO pastures + Animals * SO animals (EU-
RO) 

LAU2  2007-
2014 

Own 
calcula-
tions 

INS: Romanian National Institute of Statistics; MADR: Ministry of Agriculture and Rural Development; APIA: Agency for Payments and Intervention 
in Agriculture; AFIR: Agency for Financing the Rural Investments  
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Table 4. Attributes and Indicators for Measuring the Performance of Rural Vitality 
Attribute Indicators Unit Variable Weight of the indicator / maximal 

contribution to RVI 
 
 
Vital population 
development 

(1) Growth of  
inhabitants (Ø 2009–
2016) 
 
(2) Growth of 
employable 
inhabitant rate 
(Ø 2009–2016) 

(1) % of total Inhabitants 
 
 
(2) Employable inhabitants rate %:  
inhabitants > 15 years and < 64 years 
/ total inhabitants 

Δ POP 
 
 
Δ EMPLOY 
 

(1) 0.166/3.33 
 
 
(2) 0.166/3.33 

Vital economic 
development 

(1) High number of 
new jobs in 2009–
2014 

(1) New jobs created by newly 
established enterprises / total 
inhabitants 

 
NEW JOBS (1) 0.33/6.66 

Attractive 
provision of 
available facilities 

(1) Increase in 
building area in 
2010–2014 

(1) % of land covered with buildings: 
buildings, courtyards, factories, 
plants, silos, railway stations, 
hydropower etc. 

 
 
Δ BUILDING 

 
 
(1) 0.166/3.33 

(2) Increase in 
communication area 
in 2010–2014 

(2) % of land covered with 
communication area: lands occupied 
by roads of national interest, local or 
county interest, streets of urban and 
rural settlements 

 
 
Δ 
COMMUNICATI
ON 

 
 
(2) 0.166/3.33 

RVI   RVI 1/20 

RVI: Rural vitality index 
Table 5. Summary Statistics of the Matching Variables 

Variable Description and Unit Mean Std. Dev. Min. Max. 
Matching variables X1: RV Indicators when RDP were introduced 

POP 09 Population density; 2009 [inhab. / km2]  60 45 2 461 
TOTAL POP 09 Total population; 2009 [inhab.] *****3,382 *****1,858 160 ****13,101 
EMPLOY 09 Rate of employable population; 2009 [%] 63 5 38 80 

BUILDING 10 Building area; 2010 [% of total area] 3 3 0 42 
COMMUNICATIO
N 10 

Communication area; 2010 [% of total area] 2 1 0 10 

Matching variables X2: Economic diversity of rural areas when RDP were introduced 
TOURIST 07 Touristic resources; 2007 [no. places/100 inhab.] 0.7 6.1 0.0 224.7 

FOREST 07 Share of forest area; 2007 [% of total area] 23 21 0 95 
Matching variables X3: Economic performance of urban regions 

DIST CAPITAL  Distance to the capital [km] 34 18 0 180 
DIST TOWN Distance to the nearest town [km] 20 11 0 79 
URBAN JOBS  New jobs in urban regions of the county; 2009–

2014 [no./100 inhab.] 
24 12 9 66 

GDP 07 Gross domestic product; 2007 [EURO/inhab.] ****4,554 *******1,29
2 

******2,344 ******7663 

EMPLOY 07 Employment rate; 2007 [%] 62 7 48 78 
Matching variables X4: Structure and economic performance of the agricultural sector of rural areas 

AGRI AREA 07 Share of total agricultural area; 2007 [% of total 
area] 

68 20 4 100 

ARABLE 07 Share of arable area; 2007  
[% of agricultural area] 

45 27 0 95 

SO AGRI Standard output of agricultural sector; 2007–2014 
[EURO/ha. agr. area] 

*******8,282***
* 

*******3,75
9 

*******1,18
0 

*****84,598 

DP PILLAR I  Pillar I payments; 2007–2014 [EURO/ha. 
agricultural area] 

452 102 157 ******1,817 

YOUNG RDP for young farmers; 2007–2013 [EURO] ******67,230***
* 

****107,946 0 *1,798,768 

AGRI-HOLDING RDP for agricultural- and forest holdings; 2007–
2013 [EURO] 

141,728 ****373,594 0 *4,182,445 

PROCESSING RDP for processing industries; 2007–2013 
[EURO] 

**78,527 ****344,187 0 *5,737,803 

INFRA-AGRI RDP for agricultural and forest infrastructure; 
2007–2013 [EURO] 

168,968 ****442,696 0 *4,706,627 

SUBSISTENCE RDP for semi-subsistence farmers; 2007–2013 
[EURO] 

**86,789 ****151,603 0 *2,248,500 

NON-AGRI  RDP for non-agricultural activities; 2007–2013 
[EURO] 

150,090 ****255,899 0 *3,019,934 

VILLAGE RDP for village developments; 2007–2013 
[EURO] 

541,461 ****951,097 0 *7,815,846 

LEADER RDP for LEADER projects; 2007–2013 [EURO] 130,447 ****231,739 0 *1,724,879 

Inhab.: Inhabitants; RDP: Rural development payments 

Table 6. Change in Rural Vitality of the 2,828 Rural Romanian Communities Measured Based  
on a Composite Rural Vitality Index (RVI) 

Group of 
communities 

Communities  
(total = 2,828) 

RVI Δ POP Δ EMPLOY  NEW JOBS  Δ BUILDING Δ COMMUNICATION 

 Frequency Mean Mean Mean Mean  Mean Mean 

RVI 0–5 6% 4.22 –9% 0% 0.52 –5% –5% 

RVI 5–10 58% 7.82 –4% 3% 1.12 3% –1% 

RVI 10–15 33% 11.86 1% 3% 2.22 19% 25% 

RVI 15–20 4% 16.31 13% 4% 3.35 40% 47% 

Total 100% 9.20 –2% 3% 1.51 9% 9% 
Δ POP: Rate of population change (2009–2016)  
Δ EMPLOY: Rate of change in employable population (2009–2016)  
NEW JOBS: New jobs (2009–2014) [no./100 inhab.] 
Δ BUILDING: Change of building area (2010–2014)  
Δ COMMUNICATION: Change of communication area (2010–2014)  
 
Because the uptake of an RD measure may 
influence the results, we calculate the ATT for 
three different payment levels (low, medium, 
and high). Therefore, we divide the treated 
communities into three equally large groups 
that differ in terms of their total payments for a 
specific measure.  
In our analysis, we use four groups of matching 
variables X (Table 5): The first group (X1) 
guarantees that both the treated and untreated 
communities were similar in terms of RV 
indicators in the past when the RDP were 
introduced. The second group of matching 
variables (X2) accounts for the economic 
diversity of rural communities. For this reason, 
we match communities where the touristic 
resources and forest sector showed similar 
values in 2007. The third group of matching 
variables (X3) ensures that the treated and 
untreated rural communities are similar in 
terms of urban influences. We account for the 
commuting distance to urban centers by 
matching communities with the same distance 
to the capital of the county and the next small 
town. Furthermore, we account for the 
economic performance of urban centers nearby. 
Therefore, we match treated and untreated 
communities whose urban neighborhoods 
created similar numbers of new jobs due to new 
enterprises during 2009–2014. In addition, we 
match communities with similar gross domestic 
products (GDPs) and employment rates in 
2007, before the RDP were introduced. The 
fourth group of matching variables (X4) 
captures the agricultural-based economic 
influences on RV based on the control 

variables ‘agricultural Standard output (SO)’ 
and ‘Pillar I payments’. As many communities 
receive payments for different types of Pillar II 
measures, we control for all Pillar II measures 
for which no ATT is determined. 
 
RESULTS AND DISCUSSIONS 
 
Descriptive results: Rate of change of rural 
vitality  
 
Table 6 shows two important characteristics of 
our socio-economic RVI: (1) It is left-skewed 
distributed among the 2,828 rural communities; 
(2) An increase in the RVI is driven by a 
growth of all underlying indicators. This makes 
us confident, that our index is not dominated by 
a single indicator. 
 
The map in Figure 1 shows the RVIs of all the 
rural communities in Romania. The non-rural 
communities are colored dark red. Although 
the four RVI groups are spread over the whole 
country, some regional patterns can be 
recognized, as follows:  
(1)  The communities with the lowest RVIs (0-

5) are more frequently located in the 
peripheral regions in the south, north, and 
east of Romania;  

(2)  The rural communities with the highest 
RVIs (15-20) are more frequently situated 
in the close neighborhood of non-rural 
communities;  

(3)  The rural communities in the middle RVI 
group (10-15) are more frequently located 
in the west and center of Romania.  
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Table 4. Attributes and Indicators for Measuring the Performance of Rural Vitality 
Attribute Indicators Unit Variable Weight of the indicator / maximal 

contribution to RVI 
 
 
Vital population 
development 

(1) Growth of  
inhabitants (Ø 2009–
2016) 
 
(2) Growth of 
employable 
inhabitant rate 
(Ø 2009–2016) 

(1) % of total Inhabitants 
 
 
(2) Employable inhabitants rate %:  
inhabitants > 15 years and < 64 years 
/ total inhabitants 

Δ POP 
 
 
Δ EMPLOY 
 

(1) 0.166/3.33 
 
 
(2) 0.166/3.33 

Vital economic 
development 

(1) High number of 
new jobs in 2009–
2014 

(1) New jobs created by newly 
established enterprises / total 
inhabitants 

 
NEW JOBS (1) 0.33/6.66 

Attractive 
provision of 
available facilities 

(1) Increase in 
building area in 
2010–2014 

(1) % of land covered with buildings: 
buildings, courtyards, factories, 
plants, silos, railway stations, 
hydropower etc. 

 
 
Δ BUILDING 

 
 
(1) 0.166/3.33 

(2) Increase in 
communication area 
in 2010–2014 

(2) % of land covered with 
communication area: lands occupied 
by roads of national interest, local or 
county interest, streets of urban and 
rural settlements 

 
 
Δ 
COMMUNICATI
ON 

 
 
(2) 0.166/3.33 

RVI   RVI 1/20 

RVI: Rural vitality index 
Table 5. Summary Statistics of the Matching Variables 

Variable Description and Unit Mean Std. Dev. Min. Max. 
Matching variables X1: RV Indicators when RDP were introduced 

POP 09 Population density; 2009 [inhab. / km2]  60 45 2 461 
TOTAL POP 09 Total population; 2009 [inhab.] *****3,382 *****1,858 160 ****13,101 
EMPLOY 09 Rate of employable population; 2009 [%] 63 5 38 80 

BUILDING 10 Building area; 2010 [% of total area] 3 3 0 42 
COMMUNICATIO
N 10 

Communication area; 2010 [% of total area] 2 1 0 10 

Matching variables X2: Economic diversity of rural areas when RDP were introduced 
TOURIST 07 Touristic resources; 2007 [no. places/100 inhab.] 0.7 6.1 0.0 224.7 

FOREST 07 Share of forest area; 2007 [% of total area] 23 21 0 95 
Matching variables X3: Economic performance of urban regions 

DIST CAPITAL  Distance to the capital [km] 34 18 0 180 
DIST TOWN Distance to the nearest town [km] 20 11 0 79 
URBAN JOBS  New jobs in urban regions of the county; 2009–

2014 [no./100 inhab.] 
24 12 9 66 

GDP 07 Gross domestic product; 2007 [EURO/inhab.] ****4,554 *******1,29
2 

******2,344 ******7663 

EMPLOY 07 Employment rate; 2007 [%] 62 7 48 78 
Matching variables X4: Structure and economic performance of the agricultural sector of rural areas 

AGRI AREA 07 Share of total agricultural area; 2007 [% of total 
area] 

68 20 4 100 

ARABLE 07 Share of arable area; 2007  
[% of agricultural area] 

45 27 0 95 

SO AGRI Standard output of agricultural sector; 2007–2014 
[EURO/ha. agr. area] 

*******8,282***
* 

*******3,75
9 

*******1,18
0 

*****84,598 

DP PILLAR I  Pillar I payments; 2007–2014 [EURO/ha. 
agricultural area] 

452 102 157 ******1,817 

YOUNG RDP for young farmers; 2007–2013 [EURO] ******67,230***
* 

****107,946 0 *1,798,768 

AGRI-HOLDING RDP for agricultural- and forest holdings; 2007–
2013 [EURO] 

141,728 ****373,594 0 *4,182,445 

PROCESSING RDP for processing industries; 2007–2013 
[EURO] 

**78,527 ****344,187 0 *5,737,803 

INFRA-AGRI RDP for agricultural and forest infrastructure; 
2007–2013 [EURO] 

168,968 ****442,696 0 *4,706,627 

SUBSISTENCE RDP for semi-subsistence farmers; 2007–2013 
[EURO] 

**86,789 ****151,603 0 *2,248,500 

NON-AGRI  RDP for non-agricultural activities; 2007–2013 
[EURO] 

150,090 ****255,899 0 *3,019,934 

VILLAGE RDP for village developments; 2007–2013 
[EURO] 

541,461 ****951,097 0 *7,815,846 

LEADER RDP for LEADER projects; 2007–2013 [EURO] 130,447 ****231,739 0 *1,724,879 

Inhab.: Inhabitants; RDP: Rural development payments 

Table 6. Change in Rural Vitality of the 2,828 Rural Romanian Communities Measured Based  
on a Composite Rural Vitality Index (RVI) 

Group of 
communities 

Communities  
(total = 2,828) 

RVI Δ POP Δ EMPLOY  NEW JOBS  Δ BUILDING Δ COMMUNICATION 

 Frequency Mean Mean Mean Mean  Mean Mean 

RVI 0–5 6% 4.22 –9% 0% 0.52 –5% –5% 

RVI 5–10 58% 7.82 –4% 3% 1.12 3% –1% 

RVI 10–15 33% 11.86 1% 3% 2.22 19% 25% 

RVI 15–20 4% 16.31 13% 4% 3.35 40% 47% 

Total 100% 9.20 –2% 3% 1.51 9% 9% 
Δ POP: Rate of population change (2009–2016)  
Δ EMPLOY: Rate of change in employable population (2009–2016)  
NEW JOBS: New jobs (2009–2014) [no./100 inhab.] 
Δ BUILDING: Change of building area (2010–2014)  
Δ COMMUNICATION: Change of communication area (2010–2014)  
 
Because the uptake of an RD measure may 
influence the results, we calculate the ATT for 
three different payment levels (low, medium, 
and high). Therefore, we divide the treated 
communities into three equally large groups 
that differ in terms of their total payments for a 
specific measure.  
In our analysis, we use four groups of matching 
variables X (Table 5): The first group (X1) 
guarantees that both the treated and untreated 
communities were similar in terms of RV 
indicators in the past when the RDP were 
introduced. The second group of matching 
variables (X2) accounts for the economic 
diversity of rural communities. For this reason, 
we match communities where the touristic 
resources and forest sector showed similar 
values in 2007. The third group of matching 
variables (X3) ensures that the treated and 
untreated rural communities are similar in 
terms of urban influences. We account for the 
commuting distance to urban centers by 
matching communities with the same distance 
to the capital of the county and the next small 
town. Furthermore, we account for the 
economic performance of urban centers nearby. 
Therefore, we match treated and untreated 
communities whose urban neighborhoods 
created similar numbers of new jobs due to new 
enterprises during 2009–2014. In addition, we 
match communities with similar gross domestic 
products (GDPs) and employment rates in 
2007, before the RDP were introduced. The 
fourth group of matching variables (X4) 
captures the agricultural-based economic 
influences on RV based on the control 

variables ‘agricultural Standard output (SO)’ 
and ‘Pillar I payments’. As many communities 
receive payments for different types of Pillar II 
measures, we control for all Pillar II measures 
for which no ATT is determined. 
 
RESULTS AND DISCUSSIONS 
 
Descriptive results: Rate of change of rural 
vitality  
 
Table 6 shows two important characteristics of 
our socio-economic RVI: (1) It is left-skewed 
distributed among the 2,828 rural communities; 
(2) An increase in the RVI is driven by a 
growth of all underlying indicators. This makes 
us confident, that our index is not dominated by 
a single indicator. 
 
The map in Figure 1 shows the RVIs of all the 
rural communities in Romania. The non-rural 
communities are colored dark red. Although 
the four RVI groups are spread over the whole 
country, some regional patterns can be 
recognized, as follows:  
(1)  The communities with the lowest RVIs (0-

5) are more frequently located in the 
peripheral regions in the south, north, and 
east of Romania;  

(2)  The rural communities with the highest 
RVIs (15-20) are more frequently situated 
in the close neighborhood of non-rural 
communities;  

(3)  The rural communities in the middle RVI 
group (10-15) are more frequently located 
in the west and center of Romania.  
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  RVI 15–20   RVI10–15   RVI 5–10   RVI 0–5 

 
Figure 1. Rural vitality index (RVI) of rural LAU2 communities in Romania (non-rural communities are indicated dark 

red). Source: Authors’ calculations, using STATA’s sp map 
 
Descriptive results: RDP of treated 
communities 
 
Table 7 shows the payment levels and the 
number of treated communities of all RD 
measures. Basically, a growth in the payment 
level can be caused by a rise in the number of 
contracted projects (beneficiaries) or by an 
increase in the projects’ budget. We observe a 
growth in the payment level of measures 
supporting young and semi-subsistence farmers 
because the number of projects increases, while 
the budgets remain almost constant. In contrast, 
the total payments of all the other Axis 1 
measures (agri- and forest holdings, agri- and 
forest infrastructure, and processing industries) 
increase due to a growth in the projects’ 
budget. The RDP of the Axes 3 and 4 measures 
(investments in non-agricultural activities and 
LEADER projects) rise due to an increase in 
the number of projects and their budgets. The 
regional distribution of the payments are shown 
in Figures 2-9 in the Appendix. 

Propensity score matching 
 
Results based on kernel matching 

 
Table 8 shows the ATT on the outcome 
variable RVI for all the different RD measures 
and payment categories.  
For RD measures focusing primarily on Axis 1, 
we find a significant positive ATT on RVI only 
for the payments targeting processing 
industries (Table 8).  
However, a significant increase in rural vitality 
can be verified only in the treated communities 
with a low payment level.  
In contrast, in the communities where high-
budget processing industry projects are 
supported (> 680,000 EURO per project), we 
find no significant positive ATT on RVI and a 
significant negative ATT on the change in 
population (-1.46%, Table 9). 
 
 

 
 

 

Table 7. Rural Development (RD) Measures and Payment Levels: Number of Treated Communities,  
Total Payments per Treated Community (Average), Number of Projects per Treated Community (Average),  

and Project Budget (Average) 

Payment category Payment category 
 Low Medium High  Low Medium High 

  RDP for young farmers   RDP for agri-/forest holdings  
Total payments (EURO/tr. 
com.) 25,093** 63,477** 201,786**   59,344** 264,225** 1,026,496** 

No. projects (no./tr. com.) 1** 3** 8**   1** 2** 3** 
Project budget 
(EURO/project) 21,215** 23,412** 25,510**   51,310** 186,816** 427,934** 

No. of treated 
communities 668** 668** 669**  300** 301** 301** 

  RDP for processing industries    RDP for agri- and forest infrastructure 
Total payments (EURO/tr. 
com.) 124,818** 427,776** 1,544,361**   388,216** 844,092** 1,537,901** 

No. projects (no./tr. com.) 1.1** 1.2** 1.6**   1** 1** 1** 
Project budget 
(EURO/project) 116,622** 381,171** 1,140,481**   388,216** 839,421** 1,115,411** 

No. of treated 
communities 106** 105** 105**  174** 175** 175** 

  RDP for semi-subsistence farmers   RDP for non-agricultural activities  
Total payments (EURO/tr. 
com.) 12,787** 46,685** 227,413**   82,239** 195,916** 574,303** 

No. projects (no./tr. com.) 2** 8** 42**   1** 2** 4** 
Project budget 
(EURO/project) 5,764** 5,779** 5,571**   76,085** 141,075** 136,659** 

No. of treated 
communities 864** 864** 864**  501** 501** 500** 

  RDP for village developments    RDP for LEADER projects  
Total payments (EURO/tr. 
com.) 980,282** 1,890,843** 2,553,744**   51,575** 131,620** 452,376** 

No. projects (no./tr. com.) 1** 1** 1**   2** 3** 6** 
Project budget 
(EURO/project) 975,174** 1,890,843** 2,480,476**   35,203** 53,488** 75,668** 

No. of treat. communities 285** 285** 285**  587** 587** 587** 
RDP: Rural development payments 
tr. com.: treated community 
 
A significant negative ATT on RVI is verified 
for payments targeting the modernization of 
agri-/ forest holdings. However, we find these 
results only in communities where projects 
with the highest payments per treated 
community were carried out (>460,000 EURO 
per project). The payments for the 
modernization of agri-/forest holdings lead to a 
decrease of the RVI by 0.61 (Table 8). 
Payments for investments in non-agricultural 
activities significantly increase rural vitality in 
all the (treated) communities (Table 8). The 
higher the total payments (for investments in 

non-agricultural activities) are, the higher the 
ATT on the RVI becomes. The 95% confidence 
interval (CI) shows that in the communities 
with the highest payments, the ATT on RVI is 
significantly higher than in communities with 
lower payments.  
We find no evidence that the payments for 
village developments have an effect on RVI. 
For LEADER projects, a (weak) significant 
positive ATT on RVI for two payment levels is 
found (Table 8). This effect is mainly driven by 
a population growth of 0.9% (Table 9). 
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Figure 1. Rural vitality index (RVI) of rural LAU2 communities in Romania (non-rural communities are indicated dark 

red). Source: Authors’ calculations, using STATA’s sp map 
 
Descriptive results: RDP of treated 
communities 
 
Table 7 shows the payment levels and the 
number of treated communities of all RD 
measures. Basically, a growth in the payment 
level can be caused by a rise in the number of 
contracted projects (beneficiaries) or by an 
increase in the projects’ budget. We observe a 
growth in the payment level of measures 
supporting young and semi-subsistence farmers 
because the number of projects increases, while 
the budgets remain almost constant. In contrast, 
the total payments of all the other Axis 1 
measures (agri- and forest holdings, agri- and 
forest infrastructure, and processing industries) 
increase due to a growth in the projects’ 
budget. The RDP of the Axes 3 and 4 measures 
(investments in non-agricultural activities and 
LEADER projects) rise due to an increase in 
the number of projects and their budgets. The 
regional distribution of the payments are shown 
in Figures 2-9 in the Appendix. 

Propensity score matching 
 
Results based on kernel matching 

 
Table 8 shows the ATT on the outcome 
variable RVI for all the different RD measures 
and payment categories.  
For RD measures focusing primarily on Axis 1, 
we find a significant positive ATT on RVI only 
for the payments targeting processing 
industries (Table 8).  
However, a significant increase in rural vitality 
can be verified only in the treated communities 
with a low payment level.  
In contrast, in the communities where high-
budget processing industry projects are 
supported (> 680,000 EURO per project), we 
find no significant positive ATT on RVI and a 
significant negative ATT on the change in 
population (-1.46%, Table 9). 
 
 

 
 

 

Table 7. Rural Development (RD) Measures and Payment Levels: Number of Treated Communities,  
Total Payments per Treated Community (Average), Number of Projects per Treated Community (Average),  

and Project Budget (Average) 

Payment category Payment category 
 Low Medium High  Low Medium High 

  RDP for young farmers   RDP for agri-/forest holdings  
Total payments (EURO/tr. 
com.) 25,093** 63,477** 201,786**   59,344** 264,225** 1,026,496** 

No. projects (no./tr. com.) 1** 3** 8**   1** 2** 3** 
Project budget 
(EURO/project) 21,215** 23,412** 25,510**   51,310** 186,816** 427,934** 

No. of treated 
communities 668** 668** 669**  300** 301** 301** 

  RDP for processing industries    RDP for agri- and forest infrastructure 
Total payments (EURO/tr. 
com.) 124,818** 427,776** 1,544,361**   388,216** 844,092** 1,537,901** 

No. projects (no./tr. com.) 1.1** 1.2** 1.6**   1** 1** 1** 
Project budget 
(EURO/project) 116,622** 381,171** 1,140,481**   388,216** 839,421** 1,115,411** 

No. of treated 
communities 106** 105** 105**  174** 175** 175** 

  RDP for semi-subsistence farmers   RDP for non-agricultural activities  
Total payments (EURO/tr. 
com.) 12,787** 46,685** 227,413**   82,239** 195,916** 574,303** 

No. projects (no./tr. com.) 2** 8** 42**   1** 2** 4** 
Project budget 
(EURO/project) 5,764** 5,779** 5,571**   76,085** 141,075** 136,659** 

No. of treated 
communities 864** 864** 864**  501** 501** 500** 

  RDP for village developments    RDP for LEADER projects  
Total payments (EURO/tr. 
com.) 980,282** 1,890,843** 2,553,744**   51,575** 131,620** 452,376** 

No. projects (no./tr. com.) 1** 1** 1**   2** 3** 6** 
Project budget 
(EURO/project) 975,174** 1,890,843** 2,480,476**   35,203** 53,488** 75,668** 

No. of treat. communities 285** 285** 285**  587** 587** 587** 
RDP: Rural development payments 
tr. com.: treated community 
 
A significant negative ATT on RVI is verified 
for payments targeting the modernization of 
agri-/ forest holdings. However, we find these 
results only in communities where projects 
with the highest payments per treated 
community were carried out (>460,000 EURO 
per project). The payments for the 
modernization of agri-/forest holdings lead to a 
decrease of the RVI by 0.61 (Table 8). 
Payments for investments in non-agricultural 
activities significantly increase rural vitality in 
all the (treated) communities (Table 8). The 
higher the total payments (for investments in 

non-agricultural activities) are, the higher the 
ATT on the RVI becomes. The 95% confidence 
interval (CI) shows that in the communities 
with the highest payments, the ATT on RVI is 
significantly higher than in communities with 
lower payments.  
We find no evidence that the payments for 
village developments have an effect on RVI. 
For LEADER projects, a (weak) significant 
positive ATT on RVI for two payment levels is 
found (Table 8). This effect is mainly driven by 
a population growth of 0.9% (Table 9). 
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Table 8. Effect of Rural Development Payments (RDP) on the Rural Vitality Index (RVI): Results of Propensity Score 
Matching (PSM; Kernel Matching Technique) 

Payment category Payment category 

 Low Medium Hig
h Total Low Medium High Total 

  RDP for young farmers  RDP for agri-/forest holdings  
ATT –0.03** 0.13** 0.02** –0.09** 0.23** –0.09*** –0.61*** –0.20 
95% CI upper bound 0.12** 0.45** 0.48** 0.16** 0.59** 0.24*** –0.19*** 0.09 
95% CI lower bound –0.47** –0.23** –0.41** –0.35** –0.15** –0.54*** –1.09*** –0.49 

  RDP for processing industries RDP for agri- and forest infrastructure 
ATT 0.57** 0.14** 0.41** 0.31** 0.08** 0.10*** 0.11*** 0.06*** 
95% CI upper bound 0.94** 0.59** 0.93** 0.60** 0.53** 0.38*** 0.54*** 0.30*** 
95% CI lower bound 0.05** –0.32** –0.10** 0.01** –0.37** –0.34*** –0.28*** –0.18*** 

  RDP for semi-subsistence farmers RDP for non-agricultural activities  
ATT 0.06** 0.31** 0.39** 0.18** 0.26** 0.51*** 1.37*** 0.60*** 
95% CI upper bound 0.48** 0.90** 1.24** 0.67** 0.51** 0.75*** 1.56*** 0.85*** 
95% CI lower bound –0.38** –0.23** –0.48** –0.32** –0.11** 0.13*** 0.82*** 0.35*** 

  RDP for village developments RDP for LEADER projects 

ATT 0.01** 0.11** –0.17** –0.03** 0.14** 0.31** 0.25* 0.25* 
95% CI upper bound 0.33** 0.49** 0.20** 0.21** 0.35** 0.55** 0.51* 0.44* 
95% CI lower bound –0.35** –0.27** –0.54** –0.28** –0.15** 0.05** -0.02* 0.05* 
ATT = Average Treatment Effect of the Treated; CI = confidence interval 
*** Significant at the 0.001 level or lower; ** Significant at the 0.001-0.05 level; * Significant at the 0.05-0.1 level 

 
Table 9. ATT on the Rural Vitality Index (RVI) using Propensity Score Matching (PSM) with Kernel Matching, PSM 

with Two-nearest-neighbor Matching, and Ordinary Least Squares (OLS) 

Payment category Payment category 

 Low Medium High Low Medium High 
  RDP for agri-/forest holdings  RDP for processing industries 
PSM kernel matching 0.23 -0.09 -0.61*** 0.57** 0.14* 0.41* 
PSM two-nearest-neighbor matching 0.22 -0.13 -0.80*** 0.20* 0.20* –0.03* 
OLS 0.22 -0.10 -0.39** 0.50*** –0.04* 0.34* 

  
RDP for non-agricultural 

activities  RDP for LEADER projects 

PSM kernel matching 0.26** 0.51*** 1.37*** 0.14** 0.31** 0.25** 

PSM two-nearest-neighbor matching 0.14** 0.58*** 1.45*** –0.11*** 0.27** 0.11** 
OLS 0.34** 0.57*** 1.46*** 0.17* 0.29** 0.35*** 

ATT = Average Treatment Effect of the Treated 
***Significant at the 0.001 level or lower; ** Significant at the 0.001-0.05 level; * Significant at the 0.05-0.1 level 
 
Sensitivity analysis 
 
Table 9 shows the ATT on RVI for different 
counterfactual approaches. The sensitivity 
analysis is carried out only for those RD 
measures for which we find statistically 
significant results with kernel matching. The 
results show that PSM with kernel, PSM with 
two-nearest-neighbor matching, and OLS 

produce similar results in terms of both the 
volume and significance of the ATT. This 
comparison shows that our results are robust 
with respect to the applied counterfactual 
method.  
Only a few scientific papers are available that 
evaluated the effects of the European RDP on 
RD (Michalek, 2012; Michalek et al., 2012; 
Bakucs et al., 2018). Furthermore, these papers 

applied a different approach by analyzing the 
effects of total RD subsidies on RD in Eastern 
European countries. In contrast, our paper 
considers eight different RD measures and, for 
each measure we distinguish various uptake 
levels. Against this background, a discussion of 
our results against their research is difficult. 
Whilst the authors found no or low evidence 
that total RD subsidies effect RD in Eastern 
European countries, our study verifies that a 
few single RD measures have both, significant 
positive and negative effects on quality of life 
in rural areas. Thus, we suggest to apply from a 
methodological point of view an approach that 
focus on single RD measures rather than on 
total subsidies. In the following, we discuss our 
results against the results of the European 
Commission’s mandatory ex post evaluation 
program by Floria et al. (2017) and papers 
evaluating single measures. 
Our results show that most of the RD measures 
focusing primarily on Axis 1 and secondarily 
on Axis 3 do not contribute to an improvement 
of rural vitality in Romania. E.g., we find no 
evidence that RDP targeting semi-subsistence 
farmers improve rural vitality. These findings 
are coherent with those of Floria et al. (2017) 
who stated that the income support provided 
within the RDP for semi-subsistence farmers in 
Romania was not sufficient for a sustainable 
economic development. 
Infrastructure investments in the agricultural 
sector cover a diverse range of measures such 
as for example land consolidation, energy 
supply, irrigation networks or drainage. Our 
research finds no evidence that payments for 
infrastructure investments contribute to rural 
vitality. However, papers evaluating single 
measures such as land consolidation verified a 
positive contribution to slowing rural 
depopulation in the long-term historical 
perspective and to wellbeing of the rural 
population (Miranda et al., 2006; Lerman, 
2006).  
For payments targeting the modernization of 
processing industries, we find a significant 
positive effect on rural vitality in only one-third 
of the treated communities.  
The public support of business creation in non-
agricultural activities (e.g., the public 
encouragement of tourism activities) has the 
strongest positive effect on rural vitality of all 

the analyzed measures. The results also show 
that the higher the public expenditures, the 
greater the effect on rural vitality. These 
findings are in line with a large branch of 
literature worldwide reporting the positive 
effects of investments in tourism on RD 
(Mathieson et al., 1982; Briedenhann et al., 
2004; Hegarty et al., 2005).  
We find no evidence that investments in village 
development contributed to rural vitality in the 
first program period. These findings are in line 
with recent studies indicating that infrastructure 
investments did not represent an engine of 
economic growth in many countries (Ansar et 
al., 2016; Chen, 2017). However, infrastructure 
investments in rural areas may need more time 
to attract new enterprises and new facilities, 
and thus, improve the living conditions in rural 
areas in the long term. 
Regarding LEADER projects in Romania, 
previous research showed that the complexity 
of the programme, weak administrative net-
works, political influence, and heritage of the 
socialist era inhibited the smooth introduction 
of the LEADER instrument (Marquardt et al., 
2010). This might be one of the reasons why 
we receive a weak significantly positive effect 
of LEADER projects on RD. 
 
CONCLUSIONS 
 
This paper analyses the effects of single RD 
measures and different uptake levels on 
indicators of rural vitality for Romania. The 
study is carried out at the regional LAU2 level 
in Romania. 
Our study shows that the design and uptake 
level of the RD measures highly influences the 
effects of the payments. In this respect, we see 
further fields of research. We find for the 
majority of payments focusing primarily on 
Axis 1 have no effect on quality of life of the 
rural population. However, the rural population 
benefit from investments in non-agricultural 
activities and LEADER programs.  
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Table 8. Effect of Rural Development Payments (RDP) on the Rural Vitality Index (RVI): Results of Propensity Score 
Matching (PSM; Kernel Matching Technique) 

Payment category Payment category 

 Low Medium Hig
h Total Low Medium High Total 

  RDP for young farmers  RDP for agri-/forest holdings  
ATT –0.03** 0.13** 0.02** –0.09** 0.23** –0.09*** –0.61*** –0.20 
95% CI upper bound 0.12** 0.45** 0.48** 0.16** 0.59** 0.24*** –0.19*** 0.09 
95% CI lower bound –0.47** –0.23** –0.41** –0.35** –0.15** –0.54*** –1.09*** –0.49 

  RDP for processing industries RDP for agri- and forest infrastructure 
ATT 0.57** 0.14** 0.41** 0.31** 0.08** 0.10*** 0.11*** 0.06*** 
95% CI upper bound 0.94** 0.59** 0.93** 0.60** 0.53** 0.38*** 0.54*** 0.30*** 
95% CI lower bound 0.05** –0.32** –0.10** 0.01** –0.37** –0.34*** –0.28*** –0.18*** 

  RDP for semi-subsistence farmers RDP for non-agricultural activities  
ATT 0.06** 0.31** 0.39** 0.18** 0.26** 0.51*** 1.37*** 0.60*** 
95% CI upper bound 0.48** 0.90** 1.24** 0.67** 0.51** 0.75*** 1.56*** 0.85*** 
95% CI lower bound –0.38** –0.23** –0.48** –0.32** –0.11** 0.13*** 0.82*** 0.35*** 

  RDP for village developments RDP for LEADER projects 

ATT 0.01** 0.11** –0.17** –0.03** 0.14** 0.31** 0.25* 0.25* 
95% CI upper bound 0.33** 0.49** 0.20** 0.21** 0.35** 0.55** 0.51* 0.44* 
95% CI lower bound –0.35** –0.27** –0.54** –0.28** –0.15** 0.05** -0.02* 0.05* 
ATT = Average Treatment Effect of the Treated; CI = confidence interval 
*** Significant at the 0.001 level or lower; ** Significant at the 0.001-0.05 level; * Significant at the 0.05-0.1 level 

 
Table 9. ATT on the Rural Vitality Index (RVI) using Propensity Score Matching (PSM) with Kernel Matching, PSM 

with Two-nearest-neighbor Matching, and Ordinary Least Squares (OLS) 

Payment category Payment category 

 Low Medium High Low Medium High 
  RDP for agri-/forest holdings  RDP for processing industries 
PSM kernel matching 0.23 -0.09 -0.61*** 0.57** 0.14* 0.41* 
PSM two-nearest-neighbor matching 0.22 -0.13 -0.80*** 0.20* 0.20* –0.03* 
OLS 0.22 -0.10 -0.39** 0.50*** –0.04* 0.34* 

  
RDP for non-agricultural 

activities  RDP for LEADER projects 

PSM kernel matching 0.26** 0.51*** 1.37*** 0.14** 0.31** 0.25** 

PSM two-nearest-neighbor matching 0.14** 0.58*** 1.45*** –0.11*** 0.27** 0.11** 
OLS 0.34** 0.57*** 1.46*** 0.17* 0.29** 0.35*** 

ATT = Average Treatment Effect of the Treated 
***Significant at the 0.001 level or lower; ** Significant at the 0.001-0.05 level; * Significant at the 0.05-0.1 level 
 
Sensitivity analysis 
 
Table 9 shows the ATT on RVI for different 
counterfactual approaches. The sensitivity 
analysis is carried out only for those RD 
measures for which we find statistically 
significant results with kernel matching. The 
results show that PSM with kernel, PSM with 
two-nearest-neighbor matching, and OLS 

produce similar results in terms of both the 
volume and significance of the ATT. This 
comparison shows that our results are robust 
with respect to the applied counterfactual 
method.  
Only a few scientific papers are available that 
evaluated the effects of the European RDP on 
RD (Michalek, 2012; Michalek et al., 2012; 
Bakucs et al., 2018). Furthermore, these papers 

applied a different approach by analyzing the 
effects of total RD subsidies on RD in Eastern 
European countries. In contrast, our paper 
considers eight different RD measures and, for 
each measure we distinguish various uptake 
levels. Against this background, a discussion of 
our results against their research is difficult. 
Whilst the authors found no or low evidence 
that total RD subsidies effect RD in Eastern 
European countries, our study verifies that a 
few single RD measures have both, significant 
positive and negative effects on quality of life 
in rural areas. Thus, we suggest to apply from a 
methodological point of view an approach that 
focus on single RD measures rather than on 
total subsidies. In the following, we discuss our 
results against the results of the European 
Commission’s mandatory ex post evaluation 
program by Floria et al. (2017) and papers 
evaluating single measures. 
Our results show that most of the RD measures 
focusing primarily on Axis 1 and secondarily 
on Axis 3 do not contribute to an improvement 
of rural vitality in Romania. E.g., we find no 
evidence that RDP targeting semi-subsistence 
farmers improve rural vitality. These findings 
are coherent with those of Floria et al. (2017) 
who stated that the income support provided 
within the RDP for semi-subsistence farmers in 
Romania was not sufficient for a sustainable 
economic development. 
Infrastructure investments in the agricultural 
sector cover a diverse range of measures such 
as for example land consolidation, energy 
supply, irrigation networks or drainage. Our 
research finds no evidence that payments for 
infrastructure investments contribute to rural 
vitality. However, papers evaluating single 
measures such as land consolidation verified a 
positive contribution to slowing rural 
depopulation in the long-term historical 
perspective and to wellbeing of the rural 
population (Miranda et al., 2006; Lerman, 
2006).  
For payments targeting the modernization of 
processing industries, we find a significant 
positive effect on rural vitality in only one-third 
of the treated communities.  
The public support of business creation in non-
agricultural activities (e.g., the public 
encouragement of tourism activities) has the 
strongest positive effect on rural vitality of all 

the analyzed measures. The results also show 
that the higher the public expenditures, the 
greater the effect on rural vitality. These 
findings are in line with a large branch of 
literature worldwide reporting the positive 
effects of investments in tourism on RD 
(Mathieson et al., 1982; Briedenhann et al., 
2004; Hegarty et al., 2005).  
We find no evidence that investments in village 
development contributed to rural vitality in the 
first program period. These findings are in line 
with recent studies indicating that infrastructure 
investments did not represent an engine of 
economic growth in many countries (Ansar et 
al., 2016; Chen, 2017). However, infrastructure 
investments in rural areas may need more time 
to attract new enterprises and new facilities, 
and thus, improve the living conditions in rural 
areas in the long term. 
Regarding LEADER projects in Romania, 
previous research showed that the complexity 
of the programme, weak administrative net-
works, political influence, and heritage of the 
socialist era inhibited the smooth introduction 
of the LEADER instrument (Marquardt et al., 
2010). This might be one of the reasons why 
we receive a weak significantly positive effect 
of LEADER projects on RD. 
 
CONCLUSIONS 
 
This paper analyses the effects of single RD 
measures and different uptake levels on 
indicators of rural vitality for Romania. The 
study is carried out at the regional LAU2 level 
in Romania. 
Our study shows that the design and uptake 
level of the RD measures highly influences the 
effects of the payments. In this respect, we see 
further fields of research. We find for the 
majority of payments focusing primarily on 
Axis 1 have no effect on quality of life of the 
rural population. However, the rural population 
benefit from investments in non-agricultural 
activities and LEADER programs.  
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Figure 4. Distribution of Rural Development Payments (RDP) for processing industries (Average payments per 

community). Source: Authors’ calculations, using STATA’s sp map 
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Figure 5. Distribution of Rural Development Payments (RDP) for agri- and forest infrastructure (Average payments per 
community). Source: Authors’ calculations, using STATA’s sp map 
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Figure 6. Distribution of Rural Development Payments (RDP) for semi-subsistence farmers (Average payments per 
community). Source: Authors’ calculations, using STATA’s sp map 
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Figure 7. Distribution of Rural Development Payments (RDP) for non-agricultural activities (Average payments per 
community). Source: Authors’ calculations, using STATA’s sp map 
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Figure 8. Distribution of Rural Development Payments (RDP) for village developments  
(Average payments per community). Source: Authors’ calculations, using STATA’s sp map 
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Figure 9. Distribution of Rural Development Payments (RDP) for LEADER projects  
(Average payments per community). Source: Authors’ calculations, using STATA’s sp map 
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Abstract 
 
In this study the levels of peroxidase and catalase activity in ecological soil treated with two insecticides and two 
fungicides over a 28 days period were evaluated. Peroxidases are extracellular enzymes with an important role in the 
oxidation of lignin and the removal of toxic substances from the environment. Catalase activity can be related to the 
metabolic activity of aerobic organisms and gives information about the soil fertility. The soil samples were analysed 
once every 7 days after the pesticides application in soil. Soil enzymes activities were measured using 
spectrophotometric methods. Overall, peroxidase and catalase activity was affected, positively or negatively, depending 
on the number of treatments applied. 
 
Key words: catalase, fungicides, insecticides, peroxidase. 
 
INTRODUCTION  
 
Over the last 40 years, the rapid increase in 
population density and the rise of agricultural 
technology has led to an increasing release of 
xenobiotic compounds in the environment. 
Pesticides, including insecticides, fungicides 
and herbicides, have become an integrated part 
of modern farming systems. Pesticides are the 
main sources for applied xenobiotics, with an 
important role both in combating pests and 
diseases and in improving the quantity and 
quality of world production. However, by 
repetitive and excessive application of 
pesticides, they ultimately reach the soil, where 
qualitative and quantitative changes occur in 
biochemical processes driven by 
microorganisms (Dobre et al., 2016; Sharma 
and Ortiz, 2002). Microorganisms are the main 
source for soil enzymes, only a small fraction 
of the enzymes being derived from plants 
and/or animals. According to several authors, 
soil enzymatic activities are considered to be 
suitable indicators of soil quality due to their 
connection with nutrient cycles and 
biochemical (Buturuga et al., 2016) 
transformations and their influence on 
measuring the degree of soil degradation in 
both natural and agro-ecosystems. In addition, 
they can be measured easily, in comparison 

with other methods (Colombo et al., 2002; 
Nannipieri et al., 2002). One of the enzymes 
with an important role in soil fertility is 
catalase, which can be related to the metabolic 
activity of aerobic organisms (Shiyin et al., 
2004; Trasar-Cepeda et al., 2007). Catalase 
(hydrogen peroxide oxidoreductase, EC 
1.11.1.6) is an anti-oxidant enzyme that is 
responsible for the breakdown of hydrogen 
peroxide (H2O2) into water and oxygen without 
causing free radicals. Catalase activity is very 
stable in soil and shows a significant 
correlation with the content of organic carbon 
decreasing with soil depth (Alef and 
Nannipieri, 1995). 
 Peroxidases (EC 1.11.1), as oxidative 
enzymes, use H2O2 as an electron acceptor in 
order to generate radical species, which then 
can act as catalysts for biological reactions 
(Passardi et al., 2007).Through this mode of 
action, peroxidases can be an important factor 
in lignin degradation, removal of hydrogen 
peroxide from the cell and oxidation of toxic 
substances (Erman and Vitello, 2002). 
Peroxidase activity in soil has been measured 
in a small number of studies. When present in 
soil environment, these enzymes mediate the 
biogeochemical processes of lignin 
degradation, carbon mineralization and 


