
agriculture

Article

Estimation of the Imperative of Rural Area
Development on Panel Data in the Process of
Managing Agricultural Holdings in Poland

Anna Brzozowska 1,* and Dagmara Bubel 2

1 Business Informatics and Ecosystems, Faculty of Management, Czestochowa University of Technology, ul.
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Abstract: In today’s Polish economy, management processes in agri-business should be considered
and taken into account in a more comprehensive way. The accession to the European Union created
an obligation for Poland to implement solutions arising from the Common Agricultural Policy. Due to
factors related to management in agri-business, farmer-entrepreneurs started to pay more attention
to issues connected with the management process. An agricultural holding, like every enterprise,
in order to be competitive and achieve a constant market presence, needs to adapt its production
to current needs, invest in its development (thus, contributing to the development of rural areas),
improve the quality of its products, and modernise. Management of agricultural enterprises is specific
in character because the decisions that are made often concern not only production or investment,
but also creation of actions that rely on management solutions. The aim of the paper is to present an
original imperative (the imperative in article is a synonym for the word model) that is estimated by
the method of least squares and uses panel data related to the measure ‘Creation and development of
micro-enterprises’, including the implementation of funds for modernisation and development of
investments in micro-enterprises. The results of the study made it possible to assess the effects of
managing agricultural micro-enterprises in 16 provinces in Poland in the context of the decisions they
made regarding the use of the funds under the Rural Development Programme (RDP) 2007–2013.
These results can be used in the assessment of RDP management in the current financial perspective
2014–2020, which attests to their universality.

Keywords: rural area development; management of agricultural holdings; infrastructure;
project management

1. Introduction

This paper focuses on an important and significant stage of project management [1],
which corresponds to the analysis of the effects of the execution and implementation of the Rural Area
Development Programme based on panel data. The complexity of the issues of project management
requires taking into account multiple aspects. One of the most important is the essence of project
management, in particular in terms of effectiveness and obtained effects. The scope of the concept of
project management is very broad. On the one hand, it is defined by preparation and implementation
works (i.e., organisation and planning of undertakings, effectiveness analysis, project implementation),
while on the other hand, by research and design methodology. In the first case, project management
can be expressed as managerial pragmatism, i.e., administering the design and implementation process,
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whereas in the second case, the essence of project management is supervision over the solution of
project tasks. Project management can be seen as a process aiming to ensure effective completion of
the components of a project life cycle—project initiation, planning, execution, and project closure.
Project management can be defined in a narrow and broad sense. In the former case, a programme
should be understood as an analytical and research work, the concept and functioning of a system,
technical documentation, as well as a plan or action programme. In the broad sense, a programme is
understood as a model constituting improvement of a certain object or system. It can also be a base
solution, which constitutes a creation characterised by a novel form and construction. Such creation
enables implementation of a planned undertaking as an investment, operational, public or other task.
The issues addressed above indicate that proper execution of project management is based on proper
planning, appropriate implementation and effects. It presents estimation of the imperative [2,3] of the
Rural Area Development Programme measures on panel data. In the analyses, variables were selected
to build models in the measure ‘Creation and development of micro-enterprises’.

Securing EU funds [4,5] and applying for agricultural aid programmes, especially for creation and
development of micro-enterprises, is a huge challenge for owners of agricultural holdings. Projections
of a future model of micro-enterprises and its service by 2030 show that it has to be integrated with the
infrastructure level of agricultural holdings and rural areas and aligned with the infrastructure of the
country. Fast technical and scientific development as well as the increasing needs of the population in
rural areas necessitate significant infrastructural development to match the changing reality. Investment
in micro-enterprises will be justified if it brings benefits in the areas of production, ecology and the
energy sector, and fosters social development [6].

Despite the current economic recession, the creation and development of micro-enterprises should
be continued, as rural areas, though dynamically changing and constantly evolving, are still facing
a lot of problems that need to be solved in the coming years, in particular in the area of managing
agricultural holdings. These problems, or barriers, have more to do with the organisational and mental
sphere of rural inhabitants. It cannot be denied that actions aimed at development of infrastructure,
i.e., construction of new and development of the existing roads, modernisation of sewage networks, etc.,
are visible signs of the development of micro-enterprises. However, it is still difficult to convince rural
inhabitants and agricultural entrepreneurs that equally huge development possibilities in such areas are
offered by appropriate management, which involves proper use of information and communications
technology, which makes it possible to overcome barriers related to distance, knowledge transmission,
proper relations between the citizen, office, state, etc.

Polish agriculture, which is lagging behind and economically poor, has for over 15 years been
supported in restructuring processes [7–10] by EU funds, which are contributing to more effective
management [11] and enable participation in global, highly competitive markets.

The possibility of obtaining and using aid from EU funds [12] changes the quality of the processes
of agricultural holding management. Knowledge in this area is necessary and at least as important as
knowledge on rearing and cultivation techniques [13–15], and includes not only management functions
accepted in theory, but also those adapted to the specificity of agricultural holdings. It also highlights
the systemic aspect of infrastructure [16] in the development of agricultural holdings and rural areas
and emphasises the need for comprehensive farming and resolving of problems, whether in economic,
social or environmental aspects.

2. Literature Review

The current dynamics of the development of Polish rural areas is caused by a range of integration
processes and the assumption by rural areas of more and more functions, which results in a rapid
infrastructural growth and facilitates the creation and development of micro-enterprises [17] in rural
areas in Poland. In order to be successful in economic activity under the conditions of dynamic
changes in the environment, a farmer-entrepreneur has to not only properly respond to these changes,
but also take proactive actions to create new, favourable conditions of cooperation and competition.
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An example is the development of micro-enterprises, which forces agricultural holdings and rural areas
to have effective infrastructure in order to be competitive against their partners from EU states [18–22].

The level of infrastructural development has a significant impact on the attractiveness of rural
areas in terms of investment and manufacturing, with highly developed infrastructure facilitating
animation of the life of rural inhabitants [23]. Thus, infrastructure can determine the attractiveness or
unattractiveness of a given region, and consequently, the chances for or barriers to further development
of micro-enterprises. Therefore, it is a kind of determinant stimulating socioeconomic progress,
and at the same time, one of more important factors in life in rural areas and in the creation of
micro-enterprises [24].

The dynamics of the development of micro-enterprises in rural areas [25] are strongly impacted
by the process of managing agricultural holdings [26]. Appropriate land management through right
decisions made by agricultural entrepreneurs to provide service infrastructure in the area, including
electricity, water and sewage system, not only increase the value of a given land, but also lower
the costs of subsequent investments, thus, driving the increase in attractiveness. Such activities
require significant financial outlays, which often represents a hindrance to further infrastructural
development of micro-enterprises [27–29]. However, communes can benefit from state aid and EU
funds designed to ensure equal opportunities and close the significant gap between urban and rural
areas [30]. An important role in the development of rural areas is played by micro-enterprises, as it is
mainly them that can apply for EU [31,32] and national funds, especially to finance capital-intensive
investments [33] that cannot be afforded by individual farmers.

3. Materials and Methods

This paper proposes development of an econometric imperative [34–36] illustrating institutional
decisions made as part of the implementation of the Rural Area Development Programme with respect
to submitted applications for assistance in terms of short-term elasticity, which will enable assessment
of the effects of management using EU funds [37].

The imperative estimated using the method of least squares (LS) is as follows:

yit = xitβ+ vit (1)

where:
yit—response variable;
xit—explanatory variable (vector of explanatory variables);
ß—vector with N structural parameters of the imperative;
vit—total random error consisting of a purely random component εit and individual effect ui

referring to a specific i-th unit of the panel, i.e., vit = εit + ui;
index i = 1, . . . , N denotes subsequent objects;
index t = 1, . . . , N denotes subsequent time units.
The panel data used in this paper allow for conducting analyses, taking into account both objects

and time intervals. This approach enables a dynamic analysis of economic phenomena [38].
Estimation of a panel imperative [39] using the classical method of least squares (CMLS) requires a

fulfilled condition of the CMLS estimator’s consistency for total error E (vit, xit) = 0, Cov (vit, xit) = 0 and
for pure random error E (εit) = 0, Cov (εit, xit) = 0 for i = 1, . . . , N, t = 1, . . . , T, and lack of correlation
between individual effect ui and explanatory variable xit. Thus, it can be said that the estimation is
acceptable when an individual effect does not occur, and the panel is treated as a cross-sectional dataset.

In an imperative, we can distinguish imperatives with artificial variables (group effects are
considered random), where ε is a vector of random components with the same independent distributions
εit~N

(
0, σ2

ε

)
; Xit are independent of εit for all i and t, whereas µi and θt are vectors of non-random

parameters. The introduction of artificial variables is aimed at illustrating the individual effects
characteristic of the objects (periods) [40].
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The total significance of artificial variables can be tested using standard F tests (for zero-one
variables reflecting the impact of a province and time) [41].

As the sample covers the whole or most of the population of interest, i.e., the focus was on a set
of concrete specified objects, reliable results, both statistically and substantively, are yielded by an
imperative with artificial variables.

The method of least squares is one of the basic methods for estimating parameters of econometric
imperatives. Its idea is to find such values of parameter estimators (estimations of parameters) of an
imperative that the sum of the squares of the residues is the least:

n∑
i

e2
i =

n∑
i

[yi − ŷi]
2 =

n∑
i

[
yi −

(
b1xi1 + · · ·+ bkxi j

)]2
→ minimum (2)

where:
ei—residues of the model;
yi—empirical values of the response variable in i-th period;
ŷi—theoretical values of the response variable determined by the model in i-th period;
b1—estimations of the structural parameters of the econometric imperative for j-th explanatory

variable in i-th period;
xij—i-th observation on j-th explanatory variable;
j—number of explanatory variables;
k—number of structural parameters i;
n—number of observations, i = 1, 2, . . . , n.
For verification of the hypothesis of the significance of structural parameters αj of the imperative,

the Student’s t-test [42–44] was used. A null hypothesis in the form H0: βj = 0, against the alternative
hypothesis H1: βj , 0, was adopted, and the value of test statistic tj was determined based on the
equation:

t
(
b j
)
=

b j

S
(
b j
) (3)

where:
t(bj)—value of the test based on Student’s t-distribution;
bj—estimation of j-th parameter;
S(bj)—average error of the estimation of j-th parameter.
Analysing the significance of the impact of explanatory variables on the response variable, it can

be stated that:

1. There is no basis for rejecting the null hypothesis, which means that the explanatory variable has
no significant impact on the response variable—|t| < tβ.

2. The null hypothesis is rejected in favour of the alternative hypothesis, i.e., the explanatory variable
has a significant impact on the response variable—|t| > tβ.

To examine the existence of autocorrelation [45–47], the autocorrelation coefficient test was used.
The test can be used to verify hypothesis H0: ρ = 0 (autocorrelation does not occur) against hypothesis
H1: ρ , 0 (autocorrelation occurs).

The test of this hypothesis is the statistic:

Iτ =
|rτ|
√

n− τ− 2√
1− r2

τ

(4)

where:
rτ—autocorrelation coefficient for lag τ;
τ—lag;
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n—number of observations.
Analysis of the occurrence of autocorrelation revealed that:

1. There is no basis for rejecting the null hypothesis; the coefficient of autocorrelation ρτ is
insignificant if Iτ ≤ I.

2. H0 is rejected in favour of H1; the coefficient of autocorrelation ρτ is significant if Iτ > Iα.

The degree to which the response variable is explained by the part determined by the explanatory
variable was found based on the coefficient of determination, whereas the share of random elements
was based on the coefficient of convergence.

Moreover, based on the level of the coefficient of variation of standard deviation, the share of
standard deviation in the mean value of the response variable was given.

All the statistical data used in the studies refer to sixteen provinces in Poland: Lower Silesia,
Kuyavian-Pomeranian, Lubelskie, Lubusz, Łódź, Lesser Poland, Masovia, Opole, Podkarpackie,
Podlaskie, Pomerania, Silesia, Świętokrzyskie, Warmia-Masuria, Greater Poland, and West Pomerania.

An estimation model of rural area development in Poland, with respect to the presented measure,
covers 16 provinces within the period of the previous EU financial perspective. The results enable
comparison of the efficacy of submitted applications by number of applications and amount applied for
with respect to key areas of the Rural Development Programme in the individual provinces, indicating
deviations from the mean, which can be used to create a ranking of the provinces. In the process
of modelling, the authors use analysis of residuals, employing the method of least squares, as well
as significance tests in the form of Student’s t-tests and autocorrelation tests. The development of
the econometric model will enable assessment of the efficacy of submitted applications verified by
the number of decisions made, the overall amount granted in relation to the amount requested by
farmers as well as the amount obtained from the European Agricultural Fund for Rural Development
in relation to the amount applied for.

The studies conducted showed that during the period considered, the Rural Development
Programme had a positive impact on management of agricultural holdings and contributed to increase
in agricultural production in Poland under measure ‘Creation and development of micro-enterprises’.
The analysis of the management of agricultural holdings and the use of financial resources under
the Rural Development Programme revealed increasing investment activity among farmers and
agricultural micro-entrepreneurs inhabiting rural areas, and perfectly fits the formula of project
management, which aims at the implementation of economic and managerial tasks related to the
design and execution process, which is concentrated on functions, with a particular reference to the
function of analysing the effectiveness [48–50] of the submitted applications.

The formalised model of the relation between the scale of farmers’ potential expectations and the
extent to which they were realised will be a measure of the effectiveness of the management of projects
in the area of the Rural Development Programme with respect to agricultural holdings operating as
micro-enterprises [51–54].

The proposed imperative enables assessment of the effectiveness of the applications submitted
under the selected RDP measure—Creation and development of micro-enterprises. This effectiveness
can be equated with rationality of expectations in the area of management using EU funds. Its level
reflects effects of the management process. The proposed imperative made it possible to compare
the effectiveness of the applications submitted within the key RDP areas in the different provinces,
and thus to indicate the deviations from the means to be used for creating a ranking of the provinces.

Moreover, the proposed imperative enables assessment of the effectiveness of farmers’ applications
for financial aid for the abovementioned RDP measure from EU and Polish funds. This assessment
depends on the effects of managing micro-enterprises. The proposed imperative also relates to the
aspects of effective management by means of EU funds, which includes flexible decision-making to
ensure benefits for micro-enterprises. From this perspective, no studies have yet been conducted on
the abovementioned RDP measure in rural areas in Poland on the level of provinces, and in particular
for the Silesian province.
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4. Results

4.1. Development of Panel Imperatives of Concluded Contracts under the Measure ‘Creation and Development
of Micro-Enterprises’

In the analyses, variables referring to the applications submitted under the measure ‘Creation and
development of micro-enterprises’ were proposed as the explanatory variable in the development of
an imperative [55] for contracts concluded under this measure.

Given the character of the dependent variable:

(1) When examining the number of contracts concluded under the measure ‘Creation and
development of micro-enterprises’, the number of applications submitted under this measure
was adopted as an explanatory variable.

(2) When examining the total amount of contracts concluded under the measure ‘Creation and
development of micro-enterprises’, the amount applied for under this measure was adopted as
an explanatory variable.

(3) When examining the RDPEF amount of the contracts concluded under the measure ‘Creation
and development of micro-enterprises’, the RDPEF amount applied for under this measure was
adopted as an explanatory variable.

This paper presents three types of imperatives reflecting the above division:

1. DLT—which refers to the number of concluded contracts and the number of submitted applications.
2. DKT—which refers to the total amount of concluded contracts and the total amount applied for.
3. DET—which refers to the RDPEF amount of contracts concluded and the RDPEF amount

applied for.

All the statistical data used in the studies refer to sixteen provinces and come from the reports
on the activities of the Agency for Restructuring and Modernisation of Agriculture and from reports
on the implementation of the measures under the Rural Area Development Programme, as issued by
the Ministry of Agriculture and Rural Areas Development. These are annual data. In the case of the
number of concluded contracts and the number of submitted applications, the data were calculated
per 1,000,000 people for each province respectively, whereas in the case of the amounts, all the data
were presented in real terms and converted into fixed 2009 prices. As this paper relies on time series
from one source, the problem of differences in definitions and information gathering methods was
avoided. Due to short time series, neither stationarity tests nor analysis of variance were performed in
the paper. Further studies were conducted based on panel data.

The application of panel data used in econometric analyses allows for increasing the number of
observations and capturing unique factors characteristic of a specific object.

4.1.1. Theoretical Background—the Analytical form of the Imperative

This paper proposes panel data analysis of the contracts concluded (number, total amount, RDPEF
amount) under the Rural Development Programme (RDP), depending on submitted applications
(number, total amount, RDPEF) under the measure ‘Creation and development of micro-enterprises’.

Initially, the contracts concluded and applications submitted in the previous period were also
considered as potential explanatory variables. However, observation of their values, talks held at the
Agency for Restructuring and Modernising Agriculture and study of specialised literature resulted
in the eventual use of only two types of variables from the current period. This choice was also
determined by analysis of the matrix of correlation coefficients. Based on them, it was found that
the main determinant of the types of contracts concluded in the current period is the relevant figures
related to the applications submitted in the current period.

After analysing a range of different function forms, mechanical specification (trial and error
method) was eventually chosen.



Agriculture 2020, 10, 294 7 of 20

After conducting the studies, imperatives in the form of a power function were eventually
proposed. Their analytical form is as follows:

DLTit = η0·WLTη1
it ·e10ε10it (5)

where:
DLTit—the number of contracts concluded under the measure ‘Creation and development of

micro-enterprises’ for i-th province in period t;
WLTit—the number of applications submitted under the measure ‘Creation and development of

micro-enterprises’ in i-th province in period t;
η0, η1—structural parameters of the imperative;
ε—random element.

DKTit = ψ0·WKRψ1
it ·e11ε11it (6)

where:
DKTit—the total amount of contracts concluded under the measure ‘Creation and development of

micro-enterprises’ for i-th province in period t;
WKTit—the total amount applied for under the measure ‘Creation and development of

micro-enterprises’ in i-th province in period t;
ψ0, ψ1—structural parameters of the imperative;
ε—random element.

DETit = ϑ0·WETϑ1
it ·e12ε12it (7)

where:
DETit—the RDPEF amount of the contracts concluded under the measure ‘Creation and

development of micro-enterprises’ for i-th province in period t;
WETit—the RDPEF amount applied for under the measure ‘Creation and development of

micro-enterprises’ in i-th province in period t;
ϑ0, ϑ1—structural parameters of the imperative;
ε—random element.
After transformation to logarithmic form, Equation (5) takes the following form:

ln DLTit = ln η0 + η1 ln WLTit + ε10it (8)

After transformation to logarithmic form, Equation (6) takes the following form:

ln DKTit = lnψ0 +ψ1 ln WKRit + ε11it (9)

After transformation to logarithmic form, Equation (7) takes the following form:

ln DETit = lnϑ0 + ϑ1 ln WETit + ε12it (10)

This transformation of the equations made it possible to use the classical method of least squares
for estimation.

4.1.2. Results of the Estimation

For estimating the imperative based on panel data, the method of least squares [56–59] was used.
Estimations of the imperative’s structural parameters and its degree of fit are as follows (values of
t-statistic have been provided in brackets):

ln DL̂Tit = −0.866
(−1.627)

+ 0.960
(10.082)

ln WLTit (11)
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R2 = 0.763 r = 0.315 F(1.30) = 101.07 n = 32

ln DK̂Tit = − 0.866
(−2.673)

+ 0.960
(10.323)

ln WKTit (12)

R2 = 0.820 r = 0.381 F(1.30) = 106.06 n = 32

ln DÊTit = − 0.878
(−2.946)

+ 0.960
(10.323)

ln WETit (13)

R2 = 0.772 r = 0.212 F(1.30) = 106.06 n = 32.
The results reveal that there is an impact of the number of submitted applications (WLTR, WKT,

WET) on the number of concluded contracts (respectively, DLT, DKT, DET). Based on every imperative,
it can be noted that over a short period of time, a 1% increase in the value of the explanatory variable
leads to an increase in the response variable by 0.96–0.98% on average. The imperatives explain the
phenomenon in around 76.3, 82, and 77.2%, respectively. In each case, multiple correlation coefficients
are statistically significant, so it can be stated that the explanation level of the imperative is sufficiently
high. There is no autocorrelation (p < 0.02) in the models, so the estimators are consistent, unbiased and
most efficient. Random elements have impact in around 23.7% (Equation (11)), 18% (Equation (12)),
and 22.8% (Equation (13)), whereas the coefficients of variation for the equations are 6.62, 26.61 and
14.88%.

4.1.3. Estimation of the Elasticity of the Contracts Concluded under the Measure ‘Creation and
development of micro-enterprises’ in Individual Provinces of Poland

The attempt to compare short-term trends with respect to contracts concluded under the measure
‘Creation and development of micro-enterprises’ in the different provinces of Poland, as undertaken in
this paper, aims to create a tool to support the implementation of changes in agriculture modernisation
and development.

This article seeks to build and estimate imperatives based on panel data. Estimation of an
imperative based on such data requires the use of a procedure that takes into account individual
characteristics of the different provinces.

The panel data analyses proposed in this paper allow for answering the following questions:

1. What are the short-term elasticities of the number of decisions taken under the measure ‘Creation
and development of micro-enterprises’ in relation to the number of submitted applications overall
for the provinces under study.

2. What are the short-term elasticities of the total amount under the measure ‘Creation and
development of micro-enterprises’ in relation to the total amount applied for, when considering
all of the provinces under study.

3. What are the short-term elasticities of the total RDPEF amount under the measure ‘Creation
and development of micro-enterprises’ in relation to the total RDPEF amount applied for,
when considering all of the provinces under study.

DLT, DKT and DET imperatives are imperatives with artificial variables. They were estimated using
the method of least squares and used information on the variable factors under study (e.g., the number of
decisions made with respect to the measure under study relative to the number of submitted applications,
the number of submitted contracts, the number of concluded contracts) in 16 Polish provinces.

4.2. DLT Imperative

The aim of the imperative is to examine the dependence of the number of contracts concluded under
the measure ‘Creation and development of micro-enterprises’ (DLT) on the number of applications
submitted under the measure ‘Creation and development of micro-enterprises’ (WLT). For estimation,
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an imperative in the form of a power function was used, which was converted to a linear function by
transforming both sides to algorithms.

When estimating imperative (14) by least squares, the intercept was decomposed
into provinces denoted by the following abbreviations: Lower Silesian—ηD, Lubelskie—ηL,
Lesser Poland—ηM, Opole—ηO, Podkarpackie—ηP, Podlaskie—ηPD, Silesian—ηS, Świętokrzyskie—ηSW,
Warmia-Masurian—ηWM, Greater Poland—ηW (the variables for Kuyavian-Pomeranian, Lubusz, Łódź,
Masovian, Pomeranian and West-Pomeranian provinces proved to be of no statistical significance,
and consequently, they were eliminated in the estimation process).

Based on the calculations, estimations of structural parameters can be written down in the
imperative as follows (during the estimation, the intercept proved to be of no statistical significance,
and as such, it was not included in the imperative):

lnDLTit = −0.460 + 0.518 + 0.309 + 0.232 + 0.561 + 0.470 + 1.666 + 0.526 + 0.238 + 0.388 + 0.781 lnWLTit (14)

where:

−0.460 is estimation of the individual effect for Lower Silesianit;
0.518 is estimation of the individual effect for Lubelskieit;
0.309 is estimation of the individual effect for Lesser Polandit;
0.232 is estimation of the individual effect for Opoleit;
0.561 is estimation of the individual effect for Podkarpackieit;
0.470 is estimation of the individual effect for Podlaskieit;
1.666 is estimation of the individual effect for Silesianit;
0.526 is estimation of the individual effect for Świętokrzyskieit;
0.238 is estimation of the individual effect for Warmia-Masurianit;
0.388 is estimation of the individual effect for Greater Polandit.

Standard deviations of the estimations of structural parameters and values of t-statistic in the
imperative DLT are included in Table 1.

Table 1. Standard deviations of the estimations of structural parameters, values of t-statistic in the
imperative DLT.

Variable Parameter Error t-Statistic

lnWLT 0.008 97.625
Lower Silesian 0.107 −4.299

Lubelskie 0.109 4.752
Lesser Poland 0.109 2.835

Opole 0.109 2.128
Podkarpackie 0.110 5.100

Podlaskie 0.109 4.312
Silesian 0.107 3.636

Świętokrzyskie 0.110 4.782
Warmia-Masurian 0.110 2.164

Greater Poland 0.111 3.495
R2 0.941

F(10.21) 50.280
−0.150

Ve (in per cent) 3.33

p-value was less than 0.044 for all of the presented variables, number of observations was 32. Source: own
calculations using the package Limdep.

The equation clearly shows a link between the number of concluded contracts and the number of
applications submitted under the measure. A change in WLT always impacts DLT. Within a short time,
DLT increased by 0.78% on average in relation to WLT. Therefore, the effect of the impact of WLT is
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less than proportional. The value of the elasticity coefficient is statistically significant. Statistically
significant (but at a lower level) are also the other parameters, with statistical significance of 0.044. No
autocorrelation of the random component occurs in the imperative (p < 0.3). The response variable is
explained by the imperative in 94.1%, whereas the coefficient of random variation is 3.33%. Random
elements have an impact in around 5.9%.

Based on the information contained in Table 2, it can be noted that the biggest impact on the
number of concluded contracts was recorded in Podkarpackie province (1.752), whereas the smallest
one was in Lower Silesia (0.631).

Decomposition of the intercept into 10 parts corresponding to the individual provinces allowed
for capturing effects characteristic of given regions. By decomposing the intercept, it is possible to look
at the specificity of a given imperative’s operation in individual provinces, as the initial value of the
variable under study may vary from province to province, and with one intercept interpreted at the
national level, regional differences may become blurred.

Table 2 presents the values of decomposed intercepts after undoing the algorithm, thus, revealing
the differences between the provinces (in multiplicative terms). In the remaining six cases, the variables
turned out to be statistically insignificant.

Analysis of the number of contracts concluded under the measure ‘Creation and development of
micro-enterprises’ shows that in five provinces, the number of such contracts is above average for all
of the Polish provinces under study (Figure 1).

Table 2. Values of the decomposed intercepts after undoing the logarithm in imperative DLT.

Variable Parameter Error t-Statistic

Lower Silesian ηD 0.631
Lubelskie ηL 1.679

Lesser Poland ηM 1.362
Opole ηO 1.261

Podkarpackie ηP 1.752
Podlaskie ηPD 1.600
Silesian ηS 1.476

Świętokrzyskie ηSW 1.692
Warmia-Masurian ηWM 1.269

Greater Poland ηW 1.474
Detailed statistics relating to decomposed intercepts

xmax 1.752
xmin 0.631

Range 1.121

Source: own calculations.
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Analysis of the number of concluded contracts shows that in the Lower Silesia province, the number
of such contracts was much below the average level for Polish provinces (−0.789). In Podkarpackie
province, this number was the highest compared to the average (0.332).

4.3. Imperatives DKT and DET

The aim of imperative DKT is to examine the dependence of the total amount of contracts
concluded under the measure ‘Creation and development of micro-enterprises’ (DKT) on the total
amount applied for under the measure ‘Creation and development of micro-enterprises’ (WKT).
For estimation, an imperative in the form of a power function was used, which was converted to a
linear function by transforming both sides to algorithms

When estimating the model by least squares, the intercept was decomposed into provinces denoted
by the following abbreviations: Lower Silesian—ψD, Lubelskie—ψL, Lesser Poland—ψM, Opole—ψO,
Podkarpackie—ψP, Podlaskie—ψPD, Pomerania—ψPM, Silesian—ψS, Świętokrzyskie—ψSW, Warmia-
Masurian—ψWM, Greater Poland—ψW.

The aim of imperative DET is to examine the dependence of the RDPEF amount of the contracts
concluded under the measure ‘Creation and development of micro-enterprises’ (DET) on the RDPEF
amount applied for under the measure ‘Creation and development of micro-enterprises’ (WET).
For estimation, an imperative in the form of a power function was used, which was converted to a
linear function by transforming both sides to algorithms.

When estimating the model by least squares, the intercept was decomposed into provinces denoted
by the following abbreviations: Lower Silesian—ϑD, lubelskie—ϑL, Lesser Poland—ϑM, Opole—ϑO,
Podkarpackie—ϑP, Podlaskie—ϑPD, Pomerania—ϑPM, Silesian—ϑS, Świętokrzyskie—ϑSW, Warmia-
Masurian—ϑWM, Greater Poland—ϑW.

Based on the calculations, estimations of structural parameters can be written in the imperative
as follows:

lnDKTit = −0.564 − 0.525 + 0.566 + 0.361 + 0.213 + 0.617 + 0.504 + 0.190 + 1.513 + 0.521 + 0.290 + 0.475 + 0.803 lnWKTit (15)

where:

−0.525 is estimation of the individual effect for Lower Silesianit;
0.566 is estimation of the individual effect for Lubelskieit;
0.361 is estimation of the individual effect for Lesser Polandit;
0.213 is estimation of the individual effect for Opoleit;
0.617 is estimation of the individual effect for Podkarpackieit;
0.504 is estimation of the individual effect for Podlaskieit;
0.190 is estimation of the individual effect for Pomorskieit;
1.513 is estimation of the individual effect for Silesianit;
0.521 is estimation of the individual effect for Świętokrzyskieit;
0.290 is estimation of the individual effect for Warmia-Masurianit;
0.475 is estimation of the individual effect for Greater Polandit.

lnDETit = −0.620 − 0.525 + 0.566 + 0.213 + 0.617 + 0.504 + 0.190 + 1.513 + 0.521 + 0.290 + 0.475 + 0.803 lnWETit (16)

−0.525 is estimation of the individual effect for Lower Silesianit;
0.566 is estimation of the individual effect for Lubelskieit;
0.361 is estimation of the individual effect for Lesser Polandit;
0.213 is estimation of the individual effect for Opoleit;
0.617 is estimation of the individual effect for Podkarpackieit;
0.504 is estimation of the individual effect for Podlaskieit;
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0.190 is estimation of the individual effect for Pomorskieit;
1.513 is estimation of the individual effect for Silesianit;
0.521 is estimation of the individual effect for Świętokrzyskieit;
0.290 is estimation of the individual effect for Warmia-Masurianit;
0.475 is estimation of the individual effect for Greater Polandit.

The results of the estimations were included in Table 3.

Table 3. Values of the decomposed intercepts after undoing the logarithm in imperative DLT.

Variable
Imperative DKT Imperative DET

Parameter Error t-Statistic Parameter Error t-Statistic

constant 0.189 −2.984 0.174 −3.563
lnWKT 0.055 14.600
lnWET 0.055 14.600

Lower Silesian 0.125 −4.200 0.125 −4.200
Lubelskie 0.123 4.602 0.123 4.602

Lesser Poland 0.123 2.935 0.123 2.935
Opole 0.123 1.732 0.123 1.732

Podkarpackie 0.126 4.897 0.126 4.897
Podlaskie 0.123 4.098 0.123 4.098
Pomorskie 0.123 1.545 0.123 1.545

Silesian 0.124 4.137 0.124 4.137
Świętokrzyskie 0.124 4.202 0.124 4.202

Warmia-Masurian 0.124 2.339 0.124 2.339
Greater Poland 0.134 3.545 0.134 3.545

R2 0.943
F(12.19) 44.140

−0.161

Ve (in per cent) 6.53 7.41

Source: own calculations.

The equation clearly shows a link between the total amount of concluded contracts and the
amount applied for under the measure. A change in WKT impacts DKT. Within a short time,
DKT increased by 0.8% on average in relation to WKT. Therefore, the effect of the impact of WKT is
less than proportional. The value of the elasticity coefficient proved to be statistically significant. In the
imperative, nine parameters proved to be statistically significant, whereas in the case of two parameters,
the significance was lower and amounted to 0.09 (Opole) and 0.13 (Pomerania). No autocorrelation of
the random component occurs. The response variable is explained by the imperative in 94.3%, whereas
random elements have an impact in around 5.7%.

The equation clearly shows that in the case of the RDPEF amount of concluded contracts and
the amount applied for under this measure, there are the same relationships as in the case of the total
amount of concluded contracts and the total amount applied for under this measure. Differences are
only observed in the value of the intercept and the value of the coefficient of variation, which increased
by 0.88 percentage points.

A similar situation can be seen in the case of intercept decomposition. Decomposition of the
intercept into 11 parts corresponding to the individual provinces allowed for capturing of the effects
characteristic of given regions. By decomposing the intercept, it is possible to look at the specificity of
a given imperative’s operation in individual provinces, as the initial value of the variable under study
may vary from province to province, and with one intercept interpreted at the national level, regional
differences may become blurred.

Table 4 presents the values of decomposed intercepts after undoing the logarithms, thus, revealing
the differences between the provinces (in multiplicative terms). In the remaining five cases, the variables
proved to be of no statistical significance. Based on the information contained in Table 4, it can be seen
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that the biggest impact on the total amount of concluded contracts was recorded in Podkarpackie
province (1.853), whereas the smallest one was in the Lower Silesia province (0.592).

Table 4. Values of the decomposed intercepts after undoing the logarithm in imperative DLT.

Variable
Imperative DKT Imperative DET

Parameter Estimation of the
Parameter (Elasticity) Parameter Estimation of the

Parameter (Elasticity)

Lower Silesian ψD 0.592 ϑD 0.592
Lubelskie ψL 1.761 ϑL 1.761

Lesser Poland ψM 1.435 ϑM 1.435
Opole ψO 1.237 ϑO 1.237

Podkarpackie ψP 1.853 ϑP 1.853
Podlaskie ψPD 1.655 ϑPD 1.655
Pomerania ψPM 1.209 ϑPM 1.209

Silesian ψS 1.670 ϑS 1.670
Świętokrzyskie ψSW 1.684 ϑSW 1.684

Warmia-Masurian ψWM 1.336 ϑWM 1.336
Greater Poland ψW 1.608 ϑW 1.608

xmax 1.853
xmin 0.592

Range 1.261

Source: own calculations.

Analysis of the levels of the total amount and the RDPEF amount of contracts concluded under
the measure ‘Creation and development of micro-enterprises’ shows that in most of the provinces,
the number of these contracts was below the average level in relation to the Polish provinces under
study (Figure 2).
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Figure 2. Differences in the levels of decomposed intercepts in imperatives DKT and DET. “0” means
the value of the average level of parameter estimations with artificial variables for the provinces under
study. Source: own study.

Analysis of the levels of the total amount and the RDPEF amount of contracts concluded shows
that the contracts concluded in the Lower Silesia province were much below the average amount
for Polish provinces (−0.866), whereas the highest amount compared to the average was recorded in
Podkarpackie province (0.395).

The developed econometric imperatives allowed for analysing of the decisions concerning both
the number of applications and amounts connected with the individual measures. Based on elasticity
analysis, conclusions were formulated as to a relative change in response variables caused by a unit
increase in the factors affecting them, with other things held constant.

In particular, for each measure, relationships were examined between:
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• The number of decisions under a given measure for i-th province in period t and the number of
applications submitted under a given measure in i-th province in period t;

• The total amount in respect of the decisions taken under a given measure for i-th province in
period t;

• The total amount applied for under a given measure in i-th province in period t;
• RDPEF amount in respect of the decisions taken under a given measure for i-th province in

period t;
• RDPEF amount applied for under a given measure in i-th province in period t.

The presented results and generalisations relating to the effects of the analysis in the process
of managing agricultural holdings confirm the validity of the programme assumptions and rational
absorption of the funds obtained by Poland.

Implementation of certain innovation programmes, e.g., in rural areas, requires incurring
significant expenditures. Although there is a wide range of possibilities of financing innovations
available on the market today, obtaining funding is not as easy in practice. The wide range of
innovation financing options forces programme managers to choose the direction of actions aimed at
obtaining co-financing, which means setting the direction of allocating an entity’s financial resources
for that purpose.

The presented studies indicate the relationship between the decisions taken/contracts concluded
(number, total amount, RDPEF amount) under the RDP and the applications submitted (number,
total amount, RDPEF amount) under the measure ‘Creation and development of micro-enterprises’,
which, in order to be effective and successful, should depend on the level of infrastructure in rural areas.

The final effect of the presented model will enable assessment of the efficacy of the applications
submitted by farmers with respect to presented measures under the Rural Development Programme
in Poland. This efficacy was assessed by verifying the potentially submitted number of applications
and the amount of financial aid, including from EU funds [60–62] requested in the applications.
The authors equated this efficacy with rationality [63–66] of expectations of those managing agricultural
holdings. Thus, the level of this efficacy shows the effectiveness of the process of managing
micro-enterprises [67–69].

The effect stimulating transformations under the measure ‘Creation and development of
micro-enterprises’ is investments in modernisation of fixed assets in agricultural holdings and in their
environment. A significant role is played by rational management of European funds, in particular the
Rural Development Programme 2007–2013 addressed at Polish rural areas. Effective management of
these funds is reflected in the growth rate of investment expenditure.

During the RDP 2007–2013 period, investment expenditure in agriculture saw a significant increase
in funds connected with the purchase of machinery and technical equipment from 32% in 2007 to 38%
in 2010. In 2010, investment expenditure per 1 ha of agricultural area was at PLN 240.

For instance, in the Silesian province a total of PLN 536.1 thousand was paid out during that period,
including PLN 429.2 thousand from the EAFRD. Around PLN 34,421 thousand (11%) was earmarked
for activities connected with the creation of new jobs and diversification of rural areas. A measurable
effect of this measure is also the fact that numerous new jobs were created outside agriculture.

In the Silesian province, 251 applicants received a total of over PLN 21 million, which is over PLN
83 thousand per investment on average (the country’s average is PLN 84,956).

The measure ‘Creation and development of micro-enterprises’ ensured increased employment
in rural areas. Under this measure, the Agency for Restructuring and Modernisation of Agriculture
concluded 6091 contracts, of which services to the public accounted for 33%, construction and
installation works and services accounted for 21%, retail—9%, and tourist services—9%. The amount
of the aid granted was PLN 1046 million.

Under this measure, applicants from the Silesian province received between 2009 and 2011 over
10% of all the payments in the country.
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The financial aid of PLN 374 million paid under the measure ‘Creation and development of
micro-enterprises’ to 2662 applicants contributed to the improvement of economic activity rates among
residents of rural areas. In 2009, the employment rate grew by 4.9 pp compared to 2003 and stood at
50.8%. In the same period, the unemployment rate decreased by almost 10 pp and stood at 8% in 2009.

Thus, the Rural Development Programme 2007–2013 had many positive effects that contributed
to the development of rural areas in the aspect of managing micro-enterprises.

The infrastructure of micro-enterprises as well as the quality of a variety of services provided by
them to the public improved significantly, and a lot of new jobs were created, which is another effect of
the implementation of the abovementioned measure.

As the analysis shows, accession to the European Union, inclusion of Polish agriculture within the
Common Agricultural Policy, and above all, the highly positive effects of supporting micro-enterprises
with aid from European Union funds result from the implementation of sets of key instruments for
managing micro-enterprises, which significantly accelerated investment and modernisation changes in
the management of micro-enterprises in Poland in rural areas.

The presented studies directly positively determine management of agricultural micro-enterprises
and contributes to an increase in agricultural production, emphasising the role of European funds,
which constitute a continuously active, relatively sustainable and multi-annual instrument used in
the development of rural areas. Properly incorporated in the management process, they contribute
to the development of the factors of production, which show strong diversity both in economic and
social terms. However, the management of agricultural micro-enterprises and agricultural production
growth, which depend on EU support, requires developing appropriate solutions that would provide
the basis for activity and contribute to the securing of funds. The presented study has a positive impact
on the possibility of successfully managing agricultural holdings using not only financial expenditure
but also using the available resources in an optimal way. It is micro-enterprises that play a key role
in the development of rural areas in Poland. The positive impact on the management of agricultural
holdings and increase in agricultural production, resulting from the study, is reflected in improved
profitability thanks to technological modernisation of agricultural micro-enterprises and development
of their potential. The results of the presented study can definitely contribute to agricultural holdings’
full or partial adaptation to EU standards. Among the most important investment activities using EU
funds are the following examples of projects completed in the Silesian province:

a. Introduction of agri-environmental packages.
b. Rational use of agricultural land while reducing the negative impact of agriculture on the

natural environment.
c. Implementation of sustainable agriculture—reduction in fertilisation.
d. Intercropping.
e. Development of a machinery park.
f. Ecological food production.
g. Modernisation of technological production infrastructure.
h. Reduction in production costs.
i. Improvement of work organisation by purchasing new and specialist machinery and equipment.
j. Improvement of economic effects of agricultural micro-enterprises.
k. Establishment of new agricultural holdings by people under the age of 40—generational turnover

in agriculture.
l. Increase in income from micro-enterprises through the provision of services, which enables

creation of new jobs and self-employment, and in the long-run, reduces the effects of increasing
unemployment in Polish rural areas.

m. Improvement of micro-enterprises’ competitiveness and economic effects.

The implementation of the above activities forced micro-entrepreneurs to make their way of
thinking, acting, organising and decision-making more flexible, and above all, to manage effectively,
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and in particular, to learn this process, adapt it, understand its consequences and challenges in order to
achieve the abovementioned benefits of the implementation of projects under RDP 2007–2013.

5. Conclusions

The existence of relative deviations from the mean for the individual provinces should be
attributed to differences in project management due to flexibility in thinking, acting, decision-making
and organising, i.e., determinants of management [70,71] effectiveness in the pursuit of potential
benefits by applicants striving to create and develop micro-enterprises. A successful application for
aid under the Rural Development Programme also means a success in defining agricultural holdings’
objectives and ways of their implementation, taking into account the factors of production possessed
by agricultural holdings, results of the observation of current activities, introduction of necessary
adjustments to them and realisation of farmers’ motivation. The proposed models are universal and
original, as in each case, they enable relative assessments of the positions of the individual provinces in
a given respect as well as appropriate comparisons. The identification of differences across provinces
in the realisation of farmers’ expectations, as expressed in the number of submitted applications, can be
used to determine the comparative advantage and diversification of employment in the areas under
study. They can be used, for instance, for assessing the management [72] of the Rural Development
Programme in the current financial perspective.

Effective management [73–75] should be viewed as a way of flexible decision-making and
organisation that ensures benefits for agricultural holdings. This constitutes the research motive of
project management within the Rural Development Programme in Poland.

This original proposal of the integration of the infrastructural development of agricultural holdings
in rural areas in Poland uses panel data, based on which it can be shown that when taking future
actions under the measure ‘Creation and development of micro-enterprises’, one should take into
account integration and management of financial resources, thus, enabling further modernisation and
development of investment in the area of the development of micro-enterprises.

The original panel data imperative proposed in the paper enabled evaluation of the effects of the
management of agricultural holdings (micro-enterprises) using RDP funds, as recorded in 16 provinces
in Poland. The authors, by focusing on the function and role of projects in the management structure
in terms of the effects of the programme, wished to point to the significance of an additional factor,
i.e., management, which, combined with the other factors, will help complete the development of
rural areas. Management in agricultural holdings (micro-enterprises) involves a set of information and
abilities to logically piece it together, which bring positive effects for the development of rural areas in
the long run. The process of management will be effective if the right factor, i.e., knowledge, is used
in practical actions as part of EU programmes. In order to successfully run an agricultural holding,
basic management functions need to be used to ensure that rational decisions are taken. Therefore,
in the studies presented in this paper, the authors focused on imperatives relating to the decisions
taken in respect of submitted applications using an econometric imperative for the measure ‘Creation
and development of micro-enterprises’.

The theoretical considerations and analyses presented herein cannot be considered as exhaustive
or complete. The number and variety of the problems connected with managing projects related to
agricultural holdings in the agri-business system, as well as a lack of clear solutions in that area, require
comprehensive and in-depth studies and research. The analyses conducted by the authors provide
a basis for further discussions concerning effectiveness of the management of agricultural holdings.
Thus, the problem of managing projects and agricultural holdings should be treated as a key dimension
of the global environment and challenges faced by agricultural holdings and rural areas in Poland.

The studies and analyses conducted in this paper allow for formulating a paradigm, indicating
that co-financing by securing and effectively using EU support leads to a more effective process of
managing agricultural holdings in rural areas in Poland.
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Due to the expected benefits from EU assistance, agricultural holdings and rural areas are becoming
an attractive element of the economy, characterised by integration and coordination of the economic
entities operating within that area.
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55. Pietrzykowski, R. Klasyfikacja Obiektów w Ujęciu Czasowo-Przestrzennym z Zastosowaniem Analizy

Funkcjonalnej. Prace Naukowe Uniwersytetu Ekonomicznego we Wrocławiu Taksonomia Klasyfikacja i Analiza
Danych—Teoria i Zastosowania 2018, 508, 170–179.

56. Strojny, J.; Musiał, W. Obszary wiejskie w systemie ekonomiczno-społecznym państw Unii Europejskiej.
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