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Abstract: Improvements in sustainability at the farm level are the basic driver of agricultural
sustainability at the macro level. This is a challenge that can only be met by farms which efficiently
process inputs into products. The increase in the efficiency of European farms is largely conditioned by
measures taken under the Common Agricultural Policy (CAP), especially its second pillar. The purpose
of this study was to determine the net effect of pro-investment instruments available under the second
pillar of the CAP in selected Central and Eastern European countries. Unpublished Farm Accountancy
Data Network (FADN) microdata provided by the European Commission’s Directorate-General for
Agriculture and Rural Development (DG AGRI) were used as the source material. The study presented
in this paper is unique in that the research tasks are based on unpublished microdata of selected
Central and Eastern European farms. The study relied on the Propensity Score Matching approach;
the net effect of pro-investment mechanisms was analyzed using productivity and profitability
indicators calculated for farms which have been keeping FADN records for a continuous period
of no less than 6 years. As shown by the study, structural funds available under the CAP clearly
provided an investment incentive for farms. The conclusion from the assessment of changes in the
availability of productive inputs is that the beneficiaries reported a greater increase in fixed asset
value and in farm area in all countries except for the Czech Republic and Slovakia. The comparative
analysis of countries covered by this study failed to clearly confirm that labor is substituted with
capital to a significant extent. Every country covered by this study experienced a noticeable negative
net effect on both the productivity and profitability of capital. When considering all the countries,
the beneficiary group has no clear advantage over the control group in terms of changes in land
and labor productivity and profitability (a statistically significant positive effect was recorded for
land productivity and profitability in Slovenia). As regards labor, a statistically significant positive
net effect (a difference in growth rate between the beneficiary group and the control group) was
recorded in Slovenia, but also in Poland, where beneficiary farms reported a greater increment in
labor profitability and reduced the negative difference in labor productivity.

Keywords: pro-investment mechanisms; common agricultural policy; central and eastern europe;
propensity score matching; FADN; sustainable agricultural development

1. Introduction

The main challenge faced by agriculture is to provide the population with the food and other
bio-products necessary for their development while protecting natural capital, which means using
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it in a sustainable way [1]. Improvements in sustainability at the farm level are the basic driver
of agricultural sustainability at the macro level [2], which means performing stable, economically
viable, socially accepted and environmentally sound production activity. Hence, sustainable farm
development depends on three main factors: economic, environmental and social factors. The
attainment of sustainability at the farm level is largely based on economic sustainability, which is
expressed by actions such as investing and reaping the related economic outcomes (which drive
improvements in sustainability). However, as Savickienė and Miceikienė [3] emphasize, when dealing
with farm sustainability, researchers mostly focus on the environmental and social aspects while
neglecting the impact of the economic factor. Nevertheless, as shown by the literature review [4,5], the
economic factor is of key importance to sustainable farm development because the other two factors
depend on it. Ensuring an adequate level of production profitability is the only way to encourage
farmers to take better care of the environment which, in turn, can translate into improvements in the
population’s standards of living, as emphasized by Savickienė and Miceikienė [3]. This is a challenge
that can only be met by farms which efficiently process inputs into products [6]. Improvements
in productivity—i.e., greater output per unit of input—result in reducing harmful pressures on the
environment and improving profitability either by enhancing productivity or by reducing costs [7].
Many countries rely on a broad spectrum of intervention instruments to support the sustainable
development of the agricultural sector because of its particularities.

In European Union countries, government intervention in agriculture is underpinned by the
Common Agricultural Policy, which was designed primarily to ensure sustainable agricultural
development by pursuing social, economic and environmental goals [6], and the farms are covered
by a series of its intervention mechanisms. Since 2000, the Common Agricultural Policy has been
composed of two pillars. The objectives of the first one include supporting farm incomes and
promoting environmental sustainability and animal welfare. The second pillar involves structural
measures (mostly including investment support) which take into account the particularities and
rural development requirements of each EU member country [8]. In that context, a highly important
outcome of investment measures taken under the CAP is the implementation of state-of-the-art
technologies which contribute to environmental protection and counteract adverse climate change; this
is how they meet the priority goals sought by the Community, which intends to stop adverse climatic
changes. The European Union encourages farmers to employ environmentally friendly solutions [9],
rewarding environmental enhancements with investment subsidies.

European Union countries differ from each other in the size and structure of their agricultural
output, including crop yields, unit livestock productivity ratios and the size and structure of inputs.
As a consequence, they also differ in economic performance [10]. There are many reasons behind the
differences in the resource, production and economic situations of farms [11,12]. According to many
authors [13–16], Common Agricultural Policy instruments are increasingly often the cause of these gaps
between countries. In this context, it is worthy of note that member countries differ in how long they
have been covered by CAP instruments (depending on when they joined the EU). The newest members
(who joined the Community after 2000) mainly include Central and Eastern European countries, who
differ from the “old” Union in terms of their agricultural policies and the economic developments
experienced in recent years [17]. They have now been covered by the implementation of CAP measures
for more than ten years. The above situation makes it even more imperative to assess the effectiveness
of these mechanisms on the changes in the economic situation of farms in these countries.

Structural measures which promote farm modernization and restructuring play an important
role in member countries who joined the EU in 2004. This is because, as regards the techniques
and technologies employed and the advancement of structural transformation processes [18–20],
they lag considerably behind countries who underwent the necessary changes in the post-war
period [21–23]. The objective of investment support under the CAP is to overcome the many factors
that restrict the farms’ capacity to incur significant investment expenditure. Therefore, since the
implementation of pre-accession mechanisms to this day, support for farm development investments
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has been among the key instruments of the agricultural transformation process [24]. This enables
a faster implementation of technical, biological and organizational advancements which, in turn,
contribute to increasing the agricultural production potential and driving improvements in the farms’
economic performance [25–27]. The expected outcome of investment mechanisms available under
the second pillar of the CAP is an improvement in productivity and economic performance at farm
level [28]. This is because modern agriculture requires capital [29]. Investment decisions affect both
current and future production [30]. Taking into consideration the limited access to capital due to the
unique characteristics of agricultural sectors throughout the world [31–33], many governments see
it as their responsibility to assist farmers in obtaining capital. Agricultural programs in developed
market economies, such as Western Europe, have evolved over the years and have been rationalized as
interventions to correct market failures [29]. Similarly, Barry and Robinson [32] assume that the policy
element of agricultural finance considers the role of governments in filling the gaps and resolving
imperfections in the agricultural finance markets and in providing targeted assistance to designated
recipients. The importance of CAP investment mechanisms to the development of farms was also
emphasized by Guastella et al. [34] and Czubak and Sadowski [35]. For instance, in Poland, agricultural
investments doubled after the accession to the EU. This contributed to improving the availability of
fixed assets in farms [36]. However, the countries differ considerably in how they implement CAP
investment measures [37] which, in turn, can affect the possible impacts of interventions on the renewal
and development of the farms’ technical assets.

A situation in which the farms become highly dependent upon subsidies could undermine
the improvements in productivity and efficiency; that fact also makes it reasonable to address the
impacts of intervention mechanisms designed to promote investments [38]. The metrics of efficiency
include technical efficiency—a concept which means that an enterprise should seek to maximize
output under the assumption that a defined level of input is available [39]. As shown by a literature
review, that aspect was addressed by several researchers who endeavored to determine the relationship
between agricultural subsidies and technical efficiency; however, they ended up with contrasting
findings [40]. For instance, in their meta-analysis comprising 70 different studies spanning over a
period of circa 30 years, Minviel and Latruffe [41] demonstrated that agricultural subsidies had a
significant negative impact on the farms’ technical efficiency. However, on the other hand, a number of
papers exist that confirm the positive effect of subsidies on farm efficiency [42–44]. These contradictions
could result from differences in agricultural characteristics between the countries, and from structural
differences between intervention mechanisms [45]. The dual impact of subsidies on changes in
efficiency is particularly noticeable in the case of payments decoupled from production volumes [46].
Various types of subsidies can result in different impacts on farms, and hence can have different effects
on their efficiency and profitability [47].

The diverse impacts are also confirmed in studies by Bonfiglio [40], who found that the effect of
subsidies on the farms’ technical efficiency can differ in terms of the function of factors, including their
type of farming. Despite these highly interesting findings, the authors point to certain imperfections
in their studies. First of all, there are some reservations as to the analysis period, which was only
one year. The authors believe that a longer time perspective could yield more reliable findings [40].
Therefore, unlike their research project, the analysis presented in this paper covers a broader time
frame (12 years) and a larger territory (eight countries). According to some studies, while subsidies can
drive an increase in input productivity, this mainly depends on their nature [45]. Therefore, this paper
focuses on investment mechanisms which can enhance productivity and reduce costs (and, as a
consequence, improve profitability), as confirmed by numerous studies, including those by Boulanger
and Philippidis [47] and Dudu and Kristkova [48].

This paper relied on micro-data from the Farm Accountancy Data Network (FADN) operated by
DG-AGRI. According to Michalek [49], FADN is the only data source suitable for research based on the
counterfactual approach, including the Propensity Score Matching used in this study. The European
FADN was established in European Economic Community countries upon the implementation of
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Common Agricultural Policy mechanisms. Note that only commercial farms are monitored by the
system. While findings from research based on FADN micro-data (such as this paper) are available,
they relate solely to single regions or countries [49,50]. Importantly, the authors cited above consider
the counterfactual method used in this paper to be suitable for assessing the Rural Development
Programs implemented by the EU, including the intervention measures taken to promote investments.
In practice, the following four alternative methods, referred to as naïve methods, are generally used in
evaluating the EU programs [49]: (1) observing only the beneficiaries of aid prior to, and following
the receipt of, subsidies (this approach fails to take account of other impacts on the change in the
situation); (2) comparing the group of beneficiaries with all other operators; or (3) comparing the group of
beneficiaries with an averaged group composed of beneficiaries and non-beneficiaries (these approaches
fail to take account of comparability between groups which may be composed of operators with
different characteristics); and (4) a method which consists of comparing the beneficiary group with a
random control group (without matching, which also makes the groups non-comparable). Unlike the
above methods, PSM enables the examination of the net effect of interventions by comparing two
groups (the beneficiaries and the control group) which share similar characteristics based on the
selected variables.

This paper contributes to the literature by determining the changes in the production and income
efficiency of farms resulting from the implementation of investment mechanisms under the CAP.
Despite many attempts and a number of dedicated studies, scientific discussion is still ongoing because
no clear answer has yet been provided to the question of the impacts of intervention mechanisms
(including investment measures) on the broadly defined economic condition of farms. This study was
designed to answer the following research questions: what is the impact of investment intervention
mechanisms on the situation of farms as regards changes in productive inputs (labor, land and capital),
the relationships between them and the production and income performance? Are there any significant
differences between the beneficiaries of investment support programs and farms which do not access
these programs? Are there any significant differences between the countries in terms of the production
and income-related effects of the implementation of investment mechanisms under the second pillar of
the CAP? Answers to these questions are sought through an analysis of productivity and profitability
indicators of labor, land and capital.

The paper is organized as follows: Section 2 describes the unique FADN source data and the
research methods employed. Section 3 presents and discusses the key findings. Finally, Section 4
presents the summary, conclusions, relevant political implications and guidelines for further research.

2. Materials and Methods

Unpublished FADN microdata provided by the European Commission’s DG AGRI were used as
the source material. The study presented in this paper is unique in that the research tasks are based on
unpublished microdata of selected Central and Eastern European farms. The microeconomic nature of
this data also makes it possible to carry out dynamic analyses [51]. Formal guidelines for working
with extremely sensitive data are highly restrictive, and therefore this paper only presents aggregated
results for 15 farms. The research covered selected Central and Eastern European countries: Czech
Republic, Estonia, Lithuania, Latvia, Poland, Slovakia, Slovenia and Hungary. For the purposes of this
research, the countries were selected because of their geographic location and (mostly) because they
joined the EU in the same year. Of the countries who joined the EU in 2004, Cyprus and Malta were
excluded because (as shown by previous own research and a study of the relevant literature) their
agriculture is substantially different and unique. The study period was 2004–2015. The initial year
marks the first enlargement of the EU with CEE countries, while the last year corresponds to the most
recent data from FADN resources. Agricultural accounting data are subject to a multi-stage verification
process at farm, national and European Commission levels and are therefore made available only after
a delay. Hence, 2015 was the last period surveyed.
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The implementation of agricultural policies entails heavy expenditure, and public funds must
therefore be disbursed to provide investment support. The implementation of relevant measures needs
to be evaluated to determine the actual benefits brought by specific instruments. The main purpose of
the evaluation is to improve the effectiveness, quality and coherence of the implemented programs [52].
Support to the investment and modernization of agricultural holdings is a capital subsidy that aims
to encourage agricultural firms to undertake more gross investment in plants, machinery, and new
production equipment on the assumption that this results in increased productivity and output [25].
Hence, it is important to determine the outcomes brought by the implementation of these instruments,
which is the main research goal of this paper.

In practice, the evaluation of political interventions proves to be a difficult task [53]. The analytical
difficulty is the assessment of the causative link, i.e. the attribution of changes to the implemented
policy. The problem of causality was addressed by a number of researchers, including Fisher, Neyman,
Cochran, Cox, Heckman, Roy, Quandt and Rubin [54]. The randomized controlled experiment is
a recognized method for the assessment of causative links [55]. However, in economic analyses,
experiments seem to be extremely difficult, if not impossible, because of numerous technical, social or
ethical restrictions. In such cases, efforts should be made to assign the characteristics of an experimental
set to the available dataset. This can be done by combining data, in particular by using the Propensity
Score Matching method [56,57].

When interpreting the results of economic analyses, it is very helpful to compare the figures
with reference entities or to make a time comparison (from 2004 onwards) or a regional comparison
(within eight CEE countries). In this research, the above is of key importance in order to answer
the question of how the selected agricultural interventionism mechanisms affect the microeconomic
situation of farms in different countries. In other words, the purpose of the analysis was to determine
the net effect of selected measures in particular countries (Figure 1).
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Figure 1. Determining the net effect of Common Agricultural Policy (CAP) pro-investment measures.
Source: own study.

This effect may be estimated by comparing the average economic performance of farms covered by
structural support with that recorded in the control group. The reference group included similar operators
selected based on their resources of productive inputs: labor, land and capital. The analysis was based on
Propensity Score Matching (PSM). As a consequence, it was possible to compare microeconomic data
between beneficiaries of structural funds and their counterparts from the control pool.

All farms covered were divided into the beneficiaries’ pool and the control pool as per the
formula below

PIM =


0, i f

2015∑
t=2004

SIVt = 0

1, i f
t5∑
t1

SIVt ≥ 5000∧ SIVt0 = 0
, (1)
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where

PIM: pro-investment measures;
SIV: investment subsidies (SE406 in the FADN).

Accordingly, the control pool was composed of farms which did not access any investment
support under the second pillar of the CAP in the entire study period (2004–2015) but, at the same
time, they met the minimum requirements for investment support measures (including the minimum
economic size or maximum acreage). This is how the second methodological assumption was met,
which requires that each farm have equal opportunities in applying for investment subsidies. In turn,
experimental farms were those which accessed support for the first time in year t1, with the total
amount of support in the following 5 years being no less than EUR 5,000. A large proportion of farms
was eliminated because of the unavailability of continuous records in the FADN database within a
period of no less than 6 years. This study used a 6-year analysis period, which is consistent with
program requirements for the minimum sustainability of investment, plus one year preceding the
investment. The population of the experimental and control pools was as follows (Table 1).

Table 1. Number of farms in the experimental and control pools.

Czech Republic Estonia Hungary Lithuania Latvia Poland Slovakia Slovenia

B 213 282 461 63 441 1969 203 236
C 3211 870 6910 112 1220 35492 1110 692

Total 3424 1152 7371 175 1661 37461 1313 928

B—Beneficiary; C—Control. Source: own elaboration based on European Union farm accountancy data network
(EU-FADN)—directorate general for agricultural and rural development (DG AGRI).

The initial situation of, and the differences between, the two groups of farms (the beneficiaries
and the control group) were determined for the year before the use of pro-investment funds (t0).
This allowed us to avoid the distorting impact of the pro-investment subsidies received on the farms’
economic standing (which is an essential part of this research). The input variables of the PSM vector
were set as utilized agricultural area in hectares (SE025), labor input in AWU (Annual Work Unit,
SE010) and gross fixed assets other than land (SE441–SE446). As a consequence, the paired farms had a
similar production potential (a similar value of productive inputs) in year t0. In year t1, one of them
started to access pro-investment funds (the experimental group) while the other one (the control group)
did not. This resulted in the creation of two equally sized groups for each country. The difference in
the size of the groups between the countries is mostly due to the difference in the continuous presence
of respective farms in the FADN database. For instance, the Polish FADN includes 3964 farms with
continuous entries from 2004 to 2015, whereas in Lithuania, continuous data were available only for
23 farms. The number of farms which have been keeping records in the FADN database for a 6-year
period reached the required minimum (15) in all countries. Hence, it is possible to present the results
for all of them.

The matching-based estimation consists of analyzing the counterfactual conditions, i.e.,
the hypothetical values of the outcome variable. When considering the impact of a treatment
on the outcome variable, calculating the magnitude of that impact means determining the effect one
treatment would have had on a unit which, in fact, received some other treatment [58]. Therefore, in the
counterfactual approach, the outcome variable may be defined as [59,60]

Yi = DiYi1 + (1−Di)Yi0, D ∈ {0, 1} (2)

where

Yi: the value of the outcome variable for unit i;
Yi1, Yi0: the values of the outcome variable in the case where unit i either received a treatment or did
not receive it (respectively);
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Di: a Boolean variable, which is 0 if unit i did not receive the treatment, or 1 otherwise.

The effect of the treatment on the outcome variable considered may be determined at the level of
a single observation as per the following formula

Wi = Yi1 −Yi0 (3)

In fact, variable D may only have one of two possible values, and therefore only one of the
outcomes may be observed (Yi1 or Yi0). Under the assumption that Yi1 is known, no information is
available on Yi0. This situation is referred to by Rubin et al. [61] and Heckman et al. [62] as the missing
data problem. One way to solve this is to consider the counterfactual conditions, i.e., the estimations
which approximate the non-observable values of the variables

Wi =

{
Yi1 − Ŷi0, i f Di = 1
Ŷi1 −Yi0, i f Di = 0

, (4)

where Ŷi0 and Ŷi1 are the estimated potential values of the outcome variable in the case where unit i
either did not receive a treatment or did receive it (respectively).

Many authors, including Holland [63], refer to the static solution, which consists of shifting from
the unit level to the level of the population to which that unit belongs. Let WATE be the average
treatment effect (ATE) for population I. In accordance with earlier assumptions for the unit causal
effect, the following is true

YATE = E(Y1 −Y0) (5)

Or
YATE = E(Y1) − E(Y0) (6)

where E(Y1) is the average effect in a situation where all units across the population received the
treatment, and E(Y0) is the average effect in a situation where all units are included in the control
group. In order to assess specific actions, a researcher must focus only on the effect experienced by
units subject to intervention. In this situation, the treatment on treated effect (Average Treatment of
Treated) is sought, and may be expressed as follows [60]

YATT = E(Y1 −Y0
∣∣∣Di = 1) = E(Y1

∣∣∣D = 1) − E(Y0
∣∣∣D = 1) (7)

where

E(Y1 | D = 1): the average outcome of the intervention in the group of units which received the treatment.
E(Y0| D = 1): the average outcome of the absence of intervention in the group which received
the treatment.

E(Y0| D = 1) is the non-observable (counterfactual) effect, which, however, may be estimated.
In fact, (Y0| D = 0) is known. This is the average effect experienced after intervention by units who were
not covered by it. Under the assumption that all the units of the population are identical, the following
is true: E(Y0| D = 0) = E(Y0| D = 1). In this situation, the causal effect would be the difference between
the outcome of the unit who received the treatment and the outcome of any unit from the control pool.

In the matching-based estimation, the basic problem is the multidimensionality of empirical data.
Paired units should demonstrate identical or similar characteristics [57].

Once the variables characterizing the experimental group and the control group are established;
the next step is the estimation of the propensity score (P(Xi)), which is the probability that an entity will
access the investment support program, determined based on the selected variables for the period prior
to accessing the program. Next, farms from the experimental and control groups are paired based on
similar P(Xi) values. While P(Xi) may be estimated in different ways, logit and probit models are cited
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in the literature as the most useful methods (with logit being the preferred one) [64]. Logistic regression
is the most frequently used procedure [57].

Once the data are combined, the variables covered by actions performed in the experimental group
and in the control group were checked for balanced distribution. In accordance with the procedure
proposed by P. Rosenbaum and D. Rubin [58], the selection was assessed by analyzing the changes in
standard loadings of variables, i.e., the degree of variation in the distributions of specific variables in
the experimental group and in the control group.

In summary, the impact of pro-investment support on farm incomes was measured as per the
diagram below [57] (Figure 2).Agriculture 2020, 10, x FOR PEER REVIEW 8 of 18 
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Two approaches to determining the growth rate were considered. The first one consisted of using
the geometric mean of chain indexes and would actually mean taking the initial and final datapoints
of the time series into consideration. However, that approach was found to be poorly substantiated,
especially as the processes studied did not follow a steady (upward or downward) trend. As shown by
a preliminary analysis of empirical data, the growth rates of the phenomena concerned did not always
follow a clear trend. As a consequence, in order to determine the growth rate, the authors used an
approach which was based on all datapoints of the time series and, thus took into account the diverse
changes throughout the study period. Following this, the average growth rate served as a basis for
determining the dynamics of selected farm variables in both groups in the period t0–t5, as per the
formula below [65]

rg =

−3m +

[
9m2 + 24m(n− 1)( 1

y1

n∑
t=1

yt − n
]

2m(n− 1)

1/2

, (8)

where

n: the number of years considered when determining the dynamics of the phenomenon;
m: n (n-1);
yt: the value of the phenomenon in the years considered.

3. Results and Discussion

3.1. Results of the Propensity Score Matching Procedure

Propensity Score Matching was performed in STATA 15 with the use of the psmatch2 command.
The one-to-one closest neighbor matching procedure was used: exactly one unit of the control group
was attributed to each unit of the beneficiary group. It was decided to use a unified matching technique
for all countries in order to increase the comparability of results. An attempt was made to use
other techniques in order to improve the matching quality for Lithuania and Latvia, but this did not
fundamentally change the differences between the control pool and the beneficiary group in these
countries, and had an adverse effect on the quality of matching in other countries. Considering the
absence of statistical significance, the results for these two countries were not interpreted in further
detail. Because the common option was checked, beneficiaries with a pscore above the maximum
or below the minimum level for the control group were excluded from the matching procedure.
This allowed us to reject considerable outliers. The results of matching, including the average values
of variables before and after matching, percentage errors, error reduction and statistical significance
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tests are as shown in Tables 2–4. In summary, the PSM method allowed us to create two groups
(the beneficiaries and the control group) for each country (except Latvia and Lithuania). As they do
not significantly differ in average indicators (of labor, land and capital), they are statistically identical.

Table 2. Results of the matching procedure for the variable “labor” (in AWU, SE010).

Country
Unmatched
(U)/Matched

(M)

Mean [AWU] %
bias

%
Reduct|bias|

t-Test V(T)/V(C)
Treated

(T)
Control

(C) t p > |t|

CZE
U 45.14 10.008 116.4 25.24 0.000 4.81
M 42.563 43.102 −1.8 98.5 −0.15 0.878 0.92

EST
U 5.9376 3.3188 27.7 4.75 0.000 3.29
M 5.9334 6.7015 −8.1 70.7 −0.82 0.414 1.24

HUN
U 13.529 2.7238 44.8 21.93 0.000 30.67
M 10.147 9.3359 3.4 92.5 0.69 0.489 1.93

LTU
U 3.6798 2.0279 81.0 5.86 0.000 9.23
M 2.9505 2.5581 19.2 76.2 1.59 0.116 2.21

LVA
U 9.9198 2.7112 34.4 8.19 0.000 21.36
M 7.761 3.8556 18.6 45.8 4.28 0.000 2.54

POL *
U 2.6062 2.7008 −1.3 −0.64 0.522 0.44
M 2.5926 2.6456 −1.3 0.0 −0.39 0.698 0.54

SVK
U 46.382 16.003 92.4 14.35 0.000 2.43
M 46.382 44.739 5.0 94.6 0.42 0.674 0.99

SVN
U 2.4447 1.8712 47.5 7.28 0.000 3.11
M 2.4447 2.44 0.4 99.2 0.04 0.967 2.79

* Due to the database being extremely large and because of the limitations of the STATA suite, Polish farms were
merged separately each year. Next, the farms were merged into a single group, which means that matching errors
were not reduced in the final merger. The results presented only prove that both groups are similar in a statistically
significant way. Source: own calculations based on unpublished data: EU-FADN – DG AGRI; STATA 15. AWU:
Annual Work Unit.

Table 3. Results of the matching procedure for the variable “land” (in ha, SE025).

Country
Unmatched
(U)/Matched

(M)

Mean [ha] %
bias

%
Reduct|bias|

t-Test V(T)/V(C)
Treated

(T)
Control

(C) t p > |t|

CZE
U 1266.7 332.07 119.9 24.31 0.000 3.84
M 1197.8 1252.3 −7.0 94.2 −0.60 0.549 0.90

EST
U 310.19 160.05 37.5 5.54 0.000 1.10
M 311.29 398 −21.6 42.2 −1.95 0.052 0.43

HUN
U 457.2 105.35 57.9 23.68 0.000 12.08
M 379.7 401.95 −3.7 93.7 −0.57 0.568 0.77

LTU
U 235.72 93.854 92.6 6.43 0.000 3.74
M 206.57 146.62 39.1 57.7 2.17 0.032 2.14

LVA
U 308.36 74.29 66.0 15.79 0.000 25.70
M 269.41 138.26 37.0 44.0 7.79 0.000 5.42

POL
U 63.341 70.039 −3.0 −1.08 0.282 0.56
M 63.282 68.519 −3.0 0.0 −0.87 0.386 0.62

SVK
U 1413.3 554.88 94.2 14.42 0.000 2.27
M 1413.3 1401 1.4 98.6 0.12 0.906 1.10

SVN
U 25.293 13.665 68.2 9.98 0.000 2.13
M 25.293 20.951 25.5 62.7 2.34 0.020 0.95

Source: own calculations based on unpublished data: EU-FADN–DG AGRI; STATA 15.
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Table 4. Results of the matching procedure for the variable “capital” (in EUR, SE441-SE446).

Country
Unmatched
(U)/Matched

(M)

Mean [EUR]
% bias

%
Reduct|bias|

t-Test V(T)/V(C)
Treated

(T)
Control

(C) t p > |t|

CZE
U 2.9e + 06 5.6e + 05 111.5 26.51 0.000 6.64
M 2.7e + 06 2.7e + 06 0.4 99.7 0.03 0.974 0.84

EST
U 3.1e + 05 1.3e + 05 37.0 6.03 0.000 2.26
M 3.2e + 05 3.4e + 05 −5.1 86.2 −0.49 0.624 0.85

HUN
U 4.7e + 05 84435 54.5 26.01 0.000 25.92
M 3.6e + 05 3.4e + 05 2.3 95.8 0.50 0.618 1.07

LTU
U 1.9e + 05 35692 99.2 7.31 0.000 21.41
M 1.2e + 05 60283 37.3 62.3 3.93 0.000 2.37

LVA
U 1.9e + 05 34261 41.9 10.16 0.000 41.78
M 1.6e + 05 68971 23.5 43.9 4.82 0.000 8.11

POL
U 1.7e + 05 1.8e + 05 −2.2 −1.24 0.216 0.20
M 1.7e + 05 1.7e + 05 −2.2 0.0 −0.80 0.424 0.35

SVK
U 2.1e + 06 7.2e + 05 56.0 9.00 0.000 2.88
M 2.1e + 06 2.1e + 06 0.1 99.9 0.01 0.996 1.22

SVN
U 2.2e + 05 91970 39.3 4.52 0.000 0.20
M 2.2e + 05 1.7e + 05 14.5 63.2 0.98 0.326 0.07

Source: own calculations based on unpublished data: EU-FADN – DG AGRI; STATA 15. e: scientific notation.

3.2. Productive Input Resources Owned by Farms

The first part of the analysis was to examine the changes in productive input resources (Table 5).
In accordance with Article 20 of Council Regulation (EC) No. 1698/2005 [66], the support for targeting
the competitiveness of the agricultural sector concerns measures aimed at restructuring and developing
physical potential and promoting innovation through the modernization of agricultural holdings.
This modernization is based on grants for investments in farm machinery and equipment such as
tractors, harvesters, farm buildings, manure storage, and irrigation facilities [67]. In accordance with
these program assumptions, investment support is expected to result in an increase in fixed asset
value. This was the outcome attained in all countries from the group who accessed pro-investment
funds. Note that, in all countries (except Slovakia), both the increase in asset value and the pace of
changes were higher in the beneficiary group than in the control group. This means that the investment
funds available under the second pillar of the CAP clearly provided an investment incentive. In many
countries, they actually made development investments possible. This is true for Hungary and Slovenia,
where the value of assets held by the control group followed a slight downward trend. In turn, in the
Czech Republic and Poland, it remained virtually unchanged. In addition to increasing the value of
their fixed assets, farms which accessed investment funds also grew in size. A positive net effect also
exists for the area of agricultural land: indeed, the experimental group reported a greater increase in
acreage, with Czech Republic as the sole exception. However, the decline in the area of Czech farms
can actually be considered negligible, which means that a stagnation was observed, especially as the
average farm area was very large (the average area of a Czech beneficiary farm recorded in the FADN
was circa 1200 ha). In turn, the comparison of the pace of changes between the area of agricultural
land and the value of fixed assets clearly shows that financial support was allocated to enhancing the
technical equipment of farms (fixed assets). There are two essential reasons for this: first, in the context
of the implementation of investment funds under the CAP, the purchase of land was not considered an
eligible cost; moreover, the purchase of land is limited by land availability, irrespective of the financing
options (own funds, loan or non-repayable funds disbursed under the agricultural policy), and land
investments thus primarily depend on land supply.
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Table 5. Productive input resources in beneficiary farms in the base year (preceding the year where the
beneficiaries accessed the pro-investment mechanisms under the second pillar of the CAP) and in the
fifth year after they accessed the respective funds.

CZE EST HUN POL SVK SVN

B C B C B C B C B C B C

Agricultural area [ha]

t0
1198 1252 311 398 380 402 62 69 1413 1401 25 21

F = 0.359 F = 3.788 * F = 0.326 F = 1.632 F = 0.014 F = 5.471 **

t5
1144 1216 337 386 389 364 68 70 1383 1283 30 23

F = 0.648 F = 1.196 F = 0.461 F = 0.134 F = 1.104 F = 9.678 **

rg −0.6 −0.4 1.4 −0.2 0.5 −1.4 1.5 0.4 −0.1 −1.2 2.2 1.6

Labor input [AWU]

t0
42.6 43.1 5.9 6.7 10.1 9.3 2.5 2.6 46.4 44.7 2.4 2.4

F = 0.024 F = 0.669 F = 0.478 F = 0.279 F = 0.178 F = 0.002

t5
36.1 37.1 5.3 5.3 9.6 8.5 2.6 2.6 37.3 32.0 2.4 2.2

F = 0.099 F = 0.003 F = 1.22 F = 0.304 F = 3.151 * F = 1.877

rg −2.3 −2.2 −1.3 −3.2 −1.1 −1.1 0.2 0.4 −3.2 −5.0 0.0 −1.8

Total fixed assets—land [EUR thousand]

t0
2665 2657 316 342 361 345 171 182 2080 2078 221 174

F = 0.001 F = 0.241 F = 0.249 F = 1.291 F = 0.000 F = 0.967

t5
2933 2515 505 428 520 333 207 181 1280 784 259 134

F = 2.622 F = 0.868 F = 17.336 *** F = 8.444 ** F = 12.79 *** F = 56.6 ***

rg 4.0 0.3 7.8 4.0 6.2 −0.8 3.2 0.2 −9.4 −12.8 2.2 −6.6

B: beneficiary; C: control; AWU: Annual Work Unit; t0: base year (preceding the year where the beneficiaries
accessed the pro-investment mechanisms under the second pillar of the CAP); t5: fifth year after beneficiaries
accessed the funds under the second pillar of the CAP; rg: average annual growth rate for the period t0—t5; *, **, ***:
difference significant at the 10%, 5%, and 1% levels, respectively. Source: own calculations based on unpublished
data: EU-FADN – DG AGRI.

The resulting substitution of labor with capital is one of the elements assessed as part of the changes
driven by the implementation of CAP pro-investment measures. It is an important and expected
outcome, especially in countries which continue to struggle with structural problems affecting their
agriculture. The findings reveal that an ambiguous direct relationship exists between changes in capital
and the decline in farm employment. Furthermore, no clear differences can be identified between
the beneficiary group and the control farms in the countries surveyed. The Czech Republic, Estonia,
Slovakia and Hungary witnessed a reduction in average employment figures in the five subsequent
years following the completion of investments (this was true for both beneficiary and control farms),
whereas in other countries average employment levels remained virtually unchanged. These differences
between the countries can be explained by two factors: first, not all investments are labor-saving—if
the investment was targeted at increasing production volumes (e.g., the construction or extension of
animal housings or purchase of land), additional farm employment was needed, and conversely, if the
purpose of the investment was to purchase more efficient machinery or equipment, fewer people were
required to operate it and perform the work—second, the purchase of technologically sophisticated
equipment could require the farm to employ specialists. Whatever the reasons may be, note that these
are specific situations which differ between farms, whereas FADN data—at such a high degree of
generality—do not allow for a case-by-case analysis. However, even if this was possible, it still would
not provide a clear general answer. This was confirmed by Nilsson [25], who noted that the operators
“can receive different levels of subsidies depending on the nature of the investment project and the
characteristics and choice of the firm, which may affect the outcome”.
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3.3. Productivity and Profitability of Farms

As part of the defined research tasks, the authors also sought to trace the changes in productivity
(Table 6) and profitability (Table 7) of productive inputs used in beneficiary farms (compared to the
control group). Characteristically, in most countries, beneficiary farms had a higher productivity and
profitability for all productive inputs in the year preceding access to funds (t0) than the control group.
Significant differences in this respect were discovered for land productivity and profitability in the
Czech Republic; labor productivity and profitability in Estonia; labor profitability in Hungary; and
productivity and profitability of all productive inputs (except for capital profitability) in Slovenia.
Poland was an exception; in the initial period, all productivity ratios were significantly higher in the
control group, whereas land and capital profitability was significantly higher in beneficiary farms.
The PSM routine was based on productive input resources (in the year preceding access to support
funds, t0). Hence, the conclusion from the comparison is that the beneficiaries of investment funds
disbursed under the second pillar of the CAP were farms at a (slightly) higher or similar level of the
productivity and profitability of inputs. In a dynamic approach (starting from the year preceding access
to support funds, and moving through the five subsequent years), it appears that, in beneficiary farms,
the increase in fixed asset values was faster than the changes in production value; only in Poland and
Slovenia did production value per euro of fixed assets grow at an average annual rate of 3% and 4.5%,
respectively. In these two countries and in the Czech Republic, changes in fixed capital profitability
followed a similar trend, i.e., growth was recorded in the first two years upon completing the investment.
Irrespective of the (growth or decline) trends followed by capital profitability, farms from the control
group demonstrated better performance (faster growth or slower decline, respectively). In the 5th year
of the analysis, statistically significant differences in capital productivity and profitability (testifying to
the advantage of the control group) were found in all countries except Czech Republic and Slovakia.
This is understandable in the context of the consequences of the investments which, as mentioned earlier,
increase fixed capital value much faster in farms which access investment funds. When estimating
the net effect of changes in the productivity and profitability of fixed capital (the difference in the
pace of changes between the beneficiary and control group), it seems that, in all countries, the control
group experienced a more advantageous transformation than the beneficiary group. However, it is
important to note that the effects of investments (primarily including the increase in production) will
come to light only in the long run, which goes beyond the five-year analysis period. This means that
farms which access funds under the second pillar of the CAP implement investments that develop
their production potential; the resulting improvements in production and income performance are of
a rather long-term nature and go beyond the first years following the completion of the investment.
These findings are consistent with that noted by Nilsson [25] as regards intervention in the loan market,
namely that the support has enabled firms to modernize their holdings and realize investments with
new production techniques, which in turn improved their productivity. However, in the case of CAP
funds, the improvements in productivity and profitability are long-term effects.

Indeed, land productivity and profitability increased in beneficiary farms, even though they
increased their area of agricultural land. The pace of this process was comparable to changes in
productivity in the control group (Poland, Slovenia), whether slower (Estonia, Hungary) or slightly
faster (Czech Republic). When considering all the countries covered by this study, the beneficiary
group has no obvious advantage over the control group in terms of changes in land productivity
and profitability (a statistically significant positive net effect was recorded for land productivity and
profitability in Slovenia). As with the case of capital productivity, this could be explained by differences
in investment types. However, a general conclusion can be drawn that, while no clear positive net effect
exists for land productivity and profitability in all countries, none of the countries saw a deterioration
in the situation of beneficiaries (in relation to the control group) during the first 5 years following
the investment.
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Table 6. Productivity of productive input (measured as total output) of beneficiary farms which
accessed pro-investment funds under the second pillar of the CAP and of control farms in the base year
(preceding the year where the beneficiaries accessed the pro-investment mechanisms under the second
pillar of the CAP) and in the fifth year after they accessed the respective funds.

CZE EST HUN POL SVK SVN

B C B C B C B C B C B C

Productivity of land [EUR/ha]

t0
1232 1144 744 611 1198 1003 1314 1443 857 782 2136 1533
F = 8.057 *** F = 1.988 F = 0.156 F = 18.010 *** F = 1.015 F = 4.035 **

t5
1539 1437 1015 865 1384 1286 1763 1832 1074 929 3086 2077

F = 1.281 F = 2.545 F = 0.527 F = 13.468 *** F = 0.555 F = 14.525 ***

rg 3.9 3.4 4.3 6.2 0.9 3.2 4.8 4.3 3.1 2.6 4.4 5.0

Productivity of labor [EUR thousand/AWU]

t0
34.7 33.2 39.0 36.3 44.8 43.2 32.2 38.2 26.1 24.5 22.1 13.2

F = 0.507 F = 21.297 *** F = 0.561 F = 7.064 *** F = 0.121 F = 35.957 ***

t5
48.8 47.1 64.9 62.9 56.1 55.1 46.9 48.9 39.8 37.2 38.2 21.9

F = 1.285 F = 19.051 *** F = 0.132 F = 3.071 * F = 0.036 F = 46.211 ***

rg 5.7 5.3 7.4 9.7 2.6 2.9 6.1 4.4 6.6 6.9 7.0 8.8

Productivity of capital [EUR/EUR]

t0
0.55 0.54 0.73 0.71 1.26 1.17 0.48 0.55 0.58 0.53 0.24 0.18

F = 0.095 F = 1.327 F = 0.223 F = 5.335 ** F = 1.908 F = 2.834 *

t5
0.60 0.69 0.68 0.78 1.04 1.41 0.58 0.71 1.16 1.52 0.35 0.35

F = 0.012 F = 3.719 * F = 11.751 *** F = 4.50 ** F = 1.578 F = 5.715 **

rg −0.7 2.7 −1.9 1.9 −4.6 2.5 3.0 4.6 14.1 18.0 4.5 14.2

B: beneficiary; C: control; AWU: Annual Work Unit; t0: base year (preceding the year where the beneficiaries
accessed the pro-investment mechanisms under the second pillar of the CAP); t5: fifth year after beneficiaries
accessed the funds under the second pillar of the CAP; rg: average annual growth rate for the period t0-t5; *, **, ***:
difference significant at the 10%, 5%, and 1% levels, respectively. Source: own calculations based on unpublished
data: EU-FADN – DG AGRI.

From the perspective of structural changes, and when assessing the implementation effects of CAP
pro-investment mechanisms, an important remark is that, in all countries, farms which implemented
the program were capable of increasing their labor productivity and profitability, just like the control
group. The average annual production growth rate and the growth in income per unit of labor input
was clear (from 2.6% in Hungary to as much as 7.5% in Czech Republic. In these countries, as was
the case for land, a statistically significant positive net effect (a difference in growth rate between
the beneficiary group and the control group) was recorded in Slovenia, but also in Poland, where
beneficiary farms reported a greater increment in labor profitability and reduced the negative difference
in labor productivity. It is important that, despite the investment, beneficiary farms were able to
maintain or increase labor profitability in the first years following the implementation.
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Table 7. Profitability of productive input (measured as Gross Farm Income) of beneficiary farms which
accessed pro-investment funds under the second pillar of the CAP and of control farms in the base year
(preceding the year where the beneficiaries accessed the pro-investment mechanisms under the second
pillar of the CAP) and in the fifth year after they accessed the respective funds.

CZE EST HUN POL SVK SVN

B C B C B C B C B C B C

Profitability of land [EUR/ha]

t0
530 488 348 274 641 458 722 697 372 350 1389 1022

F = 10.015 *** F = 0.802 F = 0.003 F = 7.386 *** F = 1.241 F = 4.219 **

t5
736 639 432 360 751 613 954 890 429 347 1769 1196

F = 1.792 F = 1.911 F = 0.111 F = 5.627 ** F = 0.552 F = 11.167 ***

rg 5.6 4.3 3.1 5.7 0.9 4.0 4.3 4.3 1.2 0.5 2.6 2.6

Profitability of labor [EUR thousand/AWU]

t0
14.9 14.2 18.2 16.3 24.0 19.7 17.7 18.4 11.3 11.0 14.4 8.8

F = 1.491 F = 21.686 *** F = 8.823 *** F = 1.907 F = 0.650 F = 29.144 ***

t5
23.3 21.0 27.6 26.2 30.4 26.3 25.4 23.8 15.9 13.9 21.9 12.6

F = 1.996 F = 17.726 *** F = 1.994 F = 6.921 *** F = 0.001 F = 31.214 ***

rg 7.5 6.3 6.2 9.1 2.6 3.7 5.6 4.4 4.6 4.6 5.1 6.3

Profitability of capital [EUR/EUR]

t0
0.24 0.23 0.34 0.32 0.67 0.53 0.26 0.26 0.25 0.24 0.16 0.12

F = 0.104 F = 0.001 F = 1.942 F = 5.192** F = 2.468 F = 2.467

t5
0.29 0.31 0.29 0.32 0.56 0.67 0.32 0.35 0.46 0.57 0.20 0.20

F = 0.151 F = 6.732 *** F = 13.68 *** F = 11.881 *** F = 0.028 F = 3.678 *

rg 0.9 3.6 −3.0 1.5 −4.6 3.2 2.5 4.6 11.8 15.0 2.7 11.6

B: beneficiary; C: control; AWU: Annual Work Unit; t0: base year (preceding the year where the beneficiaries
accessed the pro-investment mechanisms under the second pillar of the CAP); t5: fifth year after beneficiaries
accessed the funds under the second pillar of the CAP; rg: average annual growth rate for the period t0-t5; *, **, ***:
difference significant at the 10%, 5%, and 1% levels, respectively. Source: own calculations based on unpublished
data: EU-FADN–DG AGRI.

4. Conclusions

The purpose of this study was to determine the net effect of implementing pro-investment
instruments available under the second pillar of the CAP in selected Central and Eastern European
countries. With regard to developing production potential (i.e., the availability of productive inputs),
structural funds disbursed under the CAP clearly provided an investment incentive for farms. In many
countries, they actually made development investments possible. In addition to increasing the value of
their fixed assets, farms which accessed investment funds also expanded their resources of agricultural
land. When assessing the changes, it is important to note that most countries saw a positive net effect
because the beneficiaries reported a greater increase in fixed asset value and in farm area (except for
Slovakian beneficiaries, who experienced a decline in both fixed asset value and land resources, and for
Czech beneficiaries, who witnessed a reduction in their land resources). The comparative analysis
of countries covered by this study failed to clearly confirm that labor is substituted with capital to a
significant extent.

Regarding the productivity and profitability of productive inputs, the characteristic finding
is that in the year preceding access to funds (t0), the results recorded by beneficiary farms were
slightly better than, or comparable to, what was found in the control group. This is true for all
countries except Poland, where the control group had significantly better levels of all productivity
ratios in the initial period, while beneficiary farms had higher levels of land and capital profitability.
Therefore, the beneficiaries of investment funds disbursed under the second pillar of the CAP were
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farms at a (slightly) higher or similar level of productivity of inputs. It is important to note, however,
that the countries covered by this study differed in the observed net effects of investment mechanisms
implemented. Every country covered by this study experienced a noticeable negative net effect
on both the productivity and profitability of capital. In the 5th year of the analysis, statistically
significant differences in capital productivity and profitability (testifying to the advantage of the control
group) were found in all countries except Czech Republic and Slovakia. Although beneficiary farms
had higher capital growth rates than the control group, they were not accompanied by a pro-rated
increase in output value and income. When considering all the countries, the beneficiary group has
no clear advantage over the control group in terms of changes in land productivity and profitability
(a statistically significant positive effect was recorded for land productivity and profitability in Slovenia).
This was similar for labor: a statistically significant positive net effect (a difference in growth rate
between the beneficiary group and the control group) was recorded in Slovenia, but also in Poland
where beneficiary farms reported a greater increment in labor profitability and reduced the negative
difference in labor productivity. Beneficiary farms were able to maintain or increase labor profitability
in the first years following the implementation of the investment. In can be reasonably expected
(knowing the particularities of agricultural investments) that farms which access funds under the
second pillar of the CAP implement diverse investments that develop their production potential; the
outcomes (improvements in productivity and profitability) will emerge in different periods, often in
the long term, which goes beyond the first years following the completion of the investment.

This study can provide guidelines for CAP decision makers, especially in the context of the new EU
financial perspective for 2021–2027. The differences in the net effects of pro-investment measures between
the countries suggest that subsidies should be aligned as much as possible with the characteristics of
the local agricultural sector, which undoubtedly determine the outcomes of intervention mechanisms.
As a consequence, the allocated funds will be used as efficiently as possible, resulting in the improved
effectiveness, quality and cohesion of programs implemented. Furthermore, taking into account the
long-term rate of return on agricultural investments could also provide some guidelines for agricultural
policy regarding investment support mechanisms. Due to the particularities of agricultural production,
farm investments are of a long-term nature (the buildings, constructions, machinery and equipment have
a years-long lifecycle). Considering the above, it may be expected (though caution must be exercised)
that the outcomes of investments, depending on their type, will also come to light with different delays,
which will often be longer than the initial years following the completion of the investment. If the above
hypothesis can be deemed true, it is worth considering whether the application documents related to
investment support mechanisms should require the beneficiaries to outline the expected outcomes of
investments over a longer period (e.g., a ten-year period).

Keeping the above in mind, the authors intend to extend the analysis period by several years in their
further research. This will allow us to carry out more in-depth research on the impact of investments
on economic sustainability, which is often attained as a long-term outcome. Moreover, it seems useful
to carry out a similar analysis which, rather than considering all the farms together, would focus on
representatives of the same type of farming or farms with a similar acreage and to make an attempt to
determine the impact of the investment type on how fast the outcomes emerge.
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Unii Europejskiej (Investment expenditures in Polish agriculture in the context of the implementation
of the Common Agricultural Policy of the European Union). In Problemy Rozwoju Rolnictwa i Gospodarki
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55. Strawiński, P. Propensity Score Matching. Własności Małopróbkowe (Propensity Score Matching. Small Sample
Properties); Publishing House of the Warsaw University: Warsaw, Poland, 2014.

56. Kirchweger, S.; Kantelhardt, J. Improving Farm Competitiveness through Farm-Investment Support: A
Propensity Score Matching Approach. Paper Presented at the 131st EAAE Seminar in Prague. 2012. Available
online: http://ageconsearch.umn.edu/handle/135791 (accessed on 5 January 2020).

57. Pawłowska, A.; Bocian, M. Estymacja Wpływu Polityki Rolnej Na Wydajność Pracy z Wykorzystaniem Propensity
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