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Abstract

:

The aim of this paper is to assess the territorial cohesion of municipalities (gminas) in Poland using quantitative data and non-parametric modelling techniques. The full population of 2174 Polish municipalities divided into rural and urban-rural municipalities was examined. The time interval of the study, i.e., 2005–2017, allows us to capture the changes stimulated by the implementation of the cohesion policy, i.e., the programme of socio-economic transformation in Poland, implemented in the programming period 2007–2013. Using the DEA approach, a general decline in the cohesion index value over time was recorded in the period of analysis. The results of estimating autocorrelation measures indicate a progressive tendency to build spatial clusters, where the size of the local administrative unit (municipality), measured by the population potential and spatial location of the municipality significantly affect the cohesion level. It was also found that there are limits of positive influence of the EU income on the possibility of achieving a high level of cohesion, hampered by a limited resource of own funds. The research method in this paper has been empirically validated and can be applied to territorial cohesion studies in other EU countries.
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1. Introduction


Territorial cohesion appears as a spatial development category in European and national policies. The concept of cohesion is interpreted heterogeneously in the literature, in particular as regards the meaning of the term territorial cohesion. The category or the concept of territorial cohesion is dealt with differently in EU strategic documents, i.e., at the European level, and at the national level. From a European perspective, the concept of territorial cohesion is more concerned with equalizing the level of development between countries/regions, i.e., approximation or convergence, which involves financial support from the EU in terms of cohesion, using cohesion funds that benefit EU countries, especially the regions with the lowest level of development. Territorial cohesion is usually treated ambiguously in internal national policies, but it always relates to the spatial dimension and is primarily concerned with preventing excessive spatial differentiation, both within regions (locally) and between regions. The concept of cohesion has been multifaceted in the literature by Van Well [1] and Davoudi [2]. It is generally defined in relation to economic and social categories, in a regional context. Economic and social cohesion as subcategories of territorial cohesion are defined from different perspectives. It is indicated that all regions should be included in a balanced way in the economic structure, which should be determined mainly by the degree of their competitiveness [3]. It is also defined by comparing the level of general economic activity in individual regions, which are part of a country or group of countries, especially areas forming an integration block [4], or as the degree of similarity of individual regions in the light of basic macroeconomic measures that express the current relative level of characteristics. The term social cohesion refers to the phenomenon of social inequality in isolated areas of a certain economic space, but also to the balanced and active participation of individual population groups in social life. It can also be defined in terms of the ability of a society to ensure the well-being of all members while minimizing internal differentiation and preventing the phenomenon of polarization [5]. It also includes the reduction of disparities in the access of individuals to the labour market and the reduction of poverty but also the reduction of inequalities between social groups and the phenomenon of social exclusion [6,7]. For the concept of territorial cohesion, it refers to equal spatial access to the labour market, public services, as well as culture and entertainment [8,9]. Thus, it is a concept that extends and reinforces the importance of economic and social cohesion.



As defined by the European Commission, cohesion means the promotion of balanced development by reducing existing disparities and preventing the emergence of regional imbalances [10,11]. For Poland, as for all EU Member States, territorial cohesion issues are one of the important elements of development policy [12]. In the European Union, these studies are carried out in the context of the effectiveness of the implementation of one of the main streams of development funding, or rather the levelling of its possibilities and improvement of the quality of life of the inhabitants. Hence, the methodology of the research approach to the study of the level of territorial cohesion is universal, because each time it is created in the context of the evaluation of instruments and programmes co-financed (and created) at the level of the European Union [13]. The research here points to the need to analyse territorial cohesion in terms of place-based and endogenous factors and conditions, which are key issues for the proper implementation of cohesion policy objectives in the EU [14,15]. This is due to the fact that different territories are characterised by a complexity of potential development factors, which should be supported by very flexible public policy instruments [16].



As the concept is defined by national development documents, territorial cohesion means striving to prevent differences between stronger and weaker areas and supporting the location of economic activity that will ensure sustainable development [17]. Measuring cohesion in its various dimensions and faces is not an easy task. In the case of economic cohesion, numerous economic measures based on GDP expressed in purchasing power parity, or economic aggregates are used, which are its variant relative indicators describing the ratio of GNP per capita of the 10 richest regions to GNP per capita of the 10 weakest regions, measures relating to the efficiency or productivity of production factors [18], as well as the level of capital resources, the level of share concentration expressed, for example, by the Herfindahl-Hirschmann index [19], or the coefficient of compatibility of distributions, such as the Gini measure. In the case of social cohesion, its quantification may be carried out using differential indicators of employment, unemployment, and income distribution, as well as measures describing the situation in the labour market, e.g., long-term unemployment rate, poverty rates and the level of social marginalisation, measures of income inequality, the share of the population in age brackets that make allocation to working or post-working age cohorts possible, the share of children living in households where no one works, indicators of the level of education in age or social groups, regional variation in employment rates, and the share of people whose income is below the poverty line after taking into account social transfers [20,21]. In the case of measuring the level of territorial cohesion, the literature indicates the option of using a condensed measure, which is the accessibility index that determines the time needed to move from a selected region to other areas important from the economic perspective, in particular the centres of the regions [22]. In general, indicators defined for the purpose of estimating economic and social cohesion are used but refer to the classification of regions according to their location [23].



The territorial cohesion of regions in the countries of Central-Eastern Europe (CEECs), including Poland, in its socio-economic, demographic, and dimension, as well as activities leading to its implementation gained particular importance after accession to the European Union. In the Union, for years, there has been a discussion on the cohesion of regions, due to growing disproportions between regions and within particular regions. The territorial approach to economic and social cohesion has already been emphasised in Article 2 of the Treaty of Rome, which states that the Community shall develop in harmony with a view to strengthening its economic and social cohesion. Similar provisions can be found in other primary EU legislation (such as the Single European Act and the other treaties adopted) [24]. Social and economic cohesion was introduced as an objective of EU policy in the first Delors package in the 1980s and since then, cohesion policy has been programmed within a multi-annual time horizon. The provisions of the Lisbon Treaty, which complemented economic and social cohesion with territorial cohesion [25], were important for European cohesion policy. It stresses that achieving territorial cohesion should be done at all levels: European, national, regional, and local, while respecting the principle of subsidiarity and the main objective of cohesion policy. The aim of cohesion policy should therefore not be so much to reduce geographical disparities as to provide mechanisms through which the quality of the economic, social, infrastructural, and technical base can change. The success of cohesion policy thus depends on basing territorial development on endogenous potential and reinforcing it with the community dimension (support for locally significant pro-development projects, which lead to the integration of territories). This is reflected both in the instruments of the policy but above all in the analysis of the development situation, which is carried out for the purposes of the diagnosis as well as evaluation of public policies [12]. The implementation of the objectives of both cohesion policy and development policy at the level of particular regions is carried out through integrated planning, based on diagnosis and with the use of EU structural funds, the form of which is nowadays based on the principles of evidence-based policy-making. Thus, the basic challenge for regions is to select appropriate projects targeting pro-development (infrastructure) investments and to develop effective coordination instruments to ensure an integrated approach to development [26]. This is possible when the planning process is supported by indicators that reflect trends and tendencies in the formation of territorial cohesion well, taking into account various socio-economic aspects [20].



The aim of this study was a synthesized evaluation of the territorial cohesion of municipalities in rural areas in Poland in 2005–2017 using quantitative data and non-parametric modelling techniques. This study covered the full population of municipalities in rural areas in Poland (i.e., rural and urban-rural): 2174 municipalities divided into rural (1566) and urban-rural (608). The time span of the study, i.e., 2005–2017, was adopted due to the possibility of fully capturing the changes stimulated by the implementation of cohesion policy, i.e., the programme of socio-economic transformation in Poland implemented in the programming period 2007–2013. It should also be stressed here that the data series used, which correspond to the period of implementation of the EU cohesion policy, make it possible to capture the effects (positive or negative) of this policy on the regions and local territories covered by the study. This is strongly highlighted in the studies directly aimed at evaluating this policy [27,28].




2. Materials and Methods


The adopted approach to measuring the level of coherence and the construction of its synthetic indicator required the use of quantitative data and appropriate quantitative approaches, hence the empirical analysis was carried out in stages, and the individual stages were connected with each other, creating a logical and substantively justified path for the verification of the adopted research assumptions.



At the first stage, the spatial scope of the analysis was defined, local government units were selected for analysis, and the time period was established. It was assumed that the original scope of the local government units under analysis would include municipalities, i.e., basic administrative units with decision-making and economic (especially financial) autonomy at the LAU2 level, which were to be supplemented with administrative units at a higher hierarchical level, i.e., NUTS 2 regions (voivodships) or macroregions (NUTS 1), if necessary. The choice of local units was justified by the fact that, in accordance with current legislation, these entities are treated in Poland and in EU countries as basic local government units of the country’s administrative division, whose authorities are elected by universal and direct suffrage for a limited period of time. These units are classified at LAU 2 level, generated from pre-existing NUTS level 4 and 5 units, in accordance with the Regulation (EC) No. 1059/2003 of the European Parliament and of the Council of 26 May 2003 on the establishment of a common classification of territorial units for statistics (NUTS) (Regulation (EC) no 1059/2003 of the European Parliament and of the Council of 26 May 2003 on the establishment of a common classification of territorial units for statistics (NUTS)). According to the current formal division, based on administrative criteria, three types of municipalities (gminas) can be distinguished: urban, whose borders coincide with the borders of towns; urban-rural gminas comprising both towns within administrative boundaries and areas outside towns; and rural gminas that do not have towns within their area. Types of gminas and urban and rural areas in public statistics are distinguished on the basis of the territorial division of the country using identifiers of the National Official Register of Territorial Division of the Country (TERYT). This is a formal division, based solely on an administrative criterion [29,30].



Current data indicate that in 2020, rural areas will cover 93% of the area of Poland and will be inhabited by nearly 40% of the population. Demographic forecasts indicate an approximately 1.5% increase in the number of people living in rural areas in Poland in the perspective of 2030 [29]. This is also an area of intensive socio-economic, demographic, and environmental changes. Due to the methodology of defining gminas on the territory of Poland, compliant with the methodology of the EU and other countries (gmina is NUTS 5 level), the recorded development trends may be extrapolated and generalizing conclusions may be drawn on this basis. The level of gminas was introduced in Poland in the early 1970s as a result of the consolidation of smaller units with historical origins. The reform followed the broad trends of territorial consolidation that dominated in Europe at the time. It had its source in the then common belief in economies of scale, both in industrial activities and in administration. The experience of European countries indicated that fragmented territorial organization causes many structural, economic, financial, and political problems. The 1998 reform, which differentiated types of municipalities into urban, rural, and urban-rural, assumed the elimination or reduction of socio-economic developmental disproportions between urbanized and rural areas, strengthening the role of local government and increasing the efficiency of public administration. It also reflected the lively discussion on the optimal organization and size of local territorial units in the scientific literature and expert opinions, including those at the European level. The key issue considered was the relationship between the typological and size characteristics of the municipality and the effectiveness of local government in providing public services and the intensity of community involvement in public life [31]. Rural areas are a particular object of the European Union development policy, aimed at improving the competitiveness of agriculture, ensuring sustainable management of natural resources and climate protection, as well as sustainable territorial development of rural areas. These measures in successive programming periods were implemented using the funds from the European Agricultural Fund for Rural Development (EAFRD) and, complementarily, the European Regional Development Fund (ERDF) and the European Social Fund (ESF). Based on previous studies [2,5,8,11,13,14,32,33], this paper’s hypotheses are that (1) the gap between the different territorial administrative units is widening at the national level, but at the same time, (2) the polarisation within the region (NUTS2) is also widening. This is related to the potential of individual municipalities and regions (local and regional units) resulting from the physical characteristics of these units (such as the size or population).



In accordance with the scheme proposed in several works [34,35,36], it was assumed that the construction of an aggregate measure (index) of cohesion for the analysed local government units will require multistage aggregation of basic data into synthetic variables of varying degrees of complexity and with the use of different quantitative techniques as the basis for their aggregation. It was assumed that in accordance with the identification of the components of territorial cohesion, it will be necessary to create five aggregate sub-measures describing the individual dimensions of cohesion: economic, demographic, infrastructural (in relation to technical and social infrastructure), and environmental. For the construction of partial aggregate measures, a wide range of one-dimensional measures and indicators (diagnostic characteristics) was used, basing the selection, among others, on substantive factors indicated by Adamowicz [37] and Jańczuk [38], and statistical analyses were used. To create partial aggregate measures, a quantitative technique from the field of multivariate comparative analysis and more broadly taxonomy was used, based on linear ordering methods. The so-called model linear ordering method [39], belonging to the same class of tools as the TOPSIS method [40], was used. The choice of this quantitative approach was dictated by the analysis of the available quantitative data and the analysis of the literature indicating that this method allows correct differentiation of the level of features for individual administrative units. The taxonomic method proposed by Hellwig [39] is based on the construction of an abstract object Po called a development pattern, an artificial point in space with coordinates:    z  01   ,    z  02   ,   … ,    z  0 k    , where z0k = max{zik} or z0k = min{zik}. Each object (gmina) can be attributed to a point P in n-dimensional space, such that Pi(xik) is an array of characteristics x, where   i = 1 , … , n ; k = 1 , … ,   m   and i = gmina, k = descriptive feature, n—number of gminas; m—number of features. Each variable xik is subsequently normalised as    Z  i k   =    x  i k   −   x ¯  k     S k      with Sk as the standard deviation of the feature k. The distance between Pi(xik) and P0 is calculated as    c  i 0   =     ∑   k = 1  m       z  i k   −  z  0 k      2      and finally the aggregate measure for each gmina is estimated as:    d i  = 1 −    c  i 0      c 0     , where c0 is built on the arithmetical mean and standard deviation of the distance between the gmina and pattern. The surveyed objects are ordered according to their distance from it, which makes it possible to determine their relative level of development.



The calculated synthetic measure of development, di (Hellwig measure), takes on positive values within a range 0–1. A higher value of this indicator means a shortening of the distance that separates the analysed object from the adopted model and thus a higher level of its partial development. The differences between the values of the measure for individual regions (or in relation to the population mean value) illustrate the scale of value differentiation within the examined sample. Development measures according to Hellwig’s linear ordering method were estimated for individual municipalities in the population in the years 2005–2017. Additionally, they were grouped at the regional level (NUTS 2) in order to carry out a relative analysis of the level of development in regional terms. To estimate the value of the overall cohesion index based on five partial measures of development, non-parametric linear programming techniques were used in the form of data envelopment analysis (DEA) for estimating efficiency for decision making units (DMUs).



In basic terms, the operation of DEA consists in constructing relative measures for a set of DMUs, taking into account the efficiency of transformation of production inputs into outputs, using as a reference the production frontier, adopted from the performance of the best units in the group. In the case of the analysis in this paper, the benchmark will remain the aggregate indicators of the best units of the administration, which is justified in the process of looking for opportunities to improve consistency (whether in the EU or in a given country) between worse and better units.



The main elements differentiating DEA models are the adopted orientation (input-oriented or output-oriented) and the treatment of scale effects, which can be constant (CRS), variable (VRS), or non-increasing (NIRS). The basic model presented in the original publication of the creators of the method Charnes, Cooper, and Rhodes [41] is the input-oriented model with fixed scale effects (the so-called CCR model).



The theoretical foundation of DEA is formed by a production function that uses a set of   k = 1 , … , K   DMUs, whose task is to transform the vector of inputs   x =    x 1  , … ,  x M      into a vector of outputs   y = (  y 1  , … ,  y R   ). The efficiency of a DMU is estimated by solving a fractional maximization problem combining the weighted sum of outputs in the numerator with the weighted sum of inputs in the denominator, given a budget constraint and an upper bound on the value of the efficiency index that should not exceed unity.



The fractional maximisation problem can be transposed into a linear form so that it is possible to determine the relative position of the examined DMU0 against the values in its peer group. Taking into account the aim of this study, which was to create a synthetic measure based on a set of variables or factors describing the position of a particular local government unit in relation to each of the five partial dimensions of territorial cohesion, the CCR model with fixed effects of scale, oriented to maximize the effects of activity (output-oriented), was used, assuming a single (virtual) production input with a normalized value of 1 for each local government unit and five outputs described by the values of partial synthetic measures estimated using the Hellwig approach. Therefore, the formula of the DEA model used takes the form:


  m a  x   μ  r 0          h 0  =   ∑   r = 1  R   μ  r 0    I  r 0    











With a budget constraint:


    ∑   r = 1  R   μ  r 0    I  r k     ≤ 1  








where h0 describes the level of the estimated territorial cohesion index for a single decision-making unit DMU0, which in this case is the analysed municipality;    μ  r 0     ≥ 0   is the weight of the indicator r the most favourable for the attributes of DMU0; and Irk represents the value of the indicator r for DMUk.



The adopted philosophy of the approach to the measurement of territorial cohesion of the administrative unit departs from the use of the input-output transformation scheme in favour of determining the maximum value of the index containing a set of measures of territorial cohesion.



2.1. Choice of Empirical Variables


As Medeiros [42] points out, territorial cohesion in a holistic approach should take into account the widest possible range of characteristics of the studied local government units in terms of, among others, economic characteristics, the level of demographic development, infrastructural development, and the level of environmental development. At the same time, it is indicated that due to the relatively small but deep pace of changes, socio-demographic phenomena occurring in gminas constitute a more serious barrier to achieving regional cohesion than economic phenomena or infrastructural factors. The various partial aspects of the development of local government units can be described by means of a number of variables.



Based on previous studies [43,44,45,46,47], it was assumed that the level of economic development can be described by a set of characteristics describing economic activity in the studied area, measured by the number of operating economic entities; the situation on the labour market, in particular in terms of the population of employed people; and the economic characteristics of local government units, in particular the income situation and the propensity to invest. In the case of demographic processes, measures of population density, birth rate, and measures of population migration, as well as indicators of population structure expressed by various types of dependency measures (demographic and social dependency), analysed in static and dynamic dimensions, have in the past demonstrated good predictive power. The level of development of technical infrastructure can be described by assessing the intensity of the water, sewage, and gas transmission networks, both with respect to the network density and the share of the population with access to the aforementioned facilities in the overall population of the local government unit. Pre-school and school education facilities, cultural facilities (community centres, libraries), and health centres are treated as elements of social infrastructure. In this case, accessibility measures may be expressed both in the form of standardized quantitative measures (per 100 sq. km.) and share indicators defining the proportion of the population using the above-mentioned elements of social infrastructure. The level of environmental development may be estimated on the basis of relative indicators defining the share of areas of increased importance from the point of view of environmental protection (e.g., protected areas, Natura 2000 sites, or forested areas) in the total area of a given territorial self-government unit. The intensity of the financial expenses related to environmental protection per unit of time and the data related to waste management (the amount of municipal waste, treated wastewater) were also taken into account.



The final set of sub-measures and indicators used for the construction of synthetic measures describing the sub-elements of the territorial cohesion index was selected from a wide range of related statistics, using statistical tools, such as correlation calculus, which aimed to eliminate collinearity and redundancy of the used characteristics and to ensure their unambiguous ability to describe the analysed phenomenon. Partial measures of development, estimated with the use of the Hellwig’s technique described above, describing five dimensions of territorial cohesion were synthesised with the use of the DEA technique into a single aggregated measure: Cohesion Index (CI). The estimated CI values for the years 2005–2017 were analysed using descriptive statistics, as well as divided into five homogeneous value groups based on the mean value and standard deviation of the population (Table 1).




2.2. Spatial Autocorrelation and Its Measures


The cohesion measures were also analysed in terms of spatial correlation and its dynamics as well as identification of objects belonging to spatial clusters with high and low values of the feature. In order to identify spatial clusters in terms of the estimated measures of territorial cohesion using the DEA technique, methodology, and tools of spatial statistics, spatial autocorrelation measures were used. Spatial autocorrelation is a tool for assessing the homogeneity of spatial structures and can be defined as the extent to which a spatial object (e.g., a region) is similar to other nearby (or surrounding) objects. The most popular single-factor measure is the Moran’s I Index [48], which has the character of a correlation coefficient for the relationship between a variable (e.g., development level) and its surrounding values, thus resembling the Pearson’s correlation coefficient. It indicates the clustering or dispersion of data but does not report its location. The values of index I range from −1 (negative spatial autocorrelation) to +1 (positive spatial autocorrelation). Positive spatial autocorrelation means that the values cluster together, i.e., neighbouring regions have similar levels of the phenomenon under analysis. Negative spatial autocorrelation occurs when Moran’s I is close to −1, i.e., neighbouring regions are characterized by a different level of the phenomenon under study. A value close to 0 usually means autocorrelation. The Moran’s I index is described by the formula:


  I =   N    W        ∑  i    ∑  j   w  i j      x i  −  x ¯       x j  −  x ¯        ∑  i  (  x i  −   x )  ¯     








where:




	
N—is the number of spatial units indexed by x and y;



	
x—variable of interest;



	
  x ¯  —mean of x;



	
wij—matrix of spatial weights with zeroes on the diagonal (i.e., wii = 0);



	
W—sum of all wij.








Moran’s Univariate I Index is a global statistic that indicates the clustering or dispersion of data but does not report its location. In addition to the global index, Anselin [49] constructed the Local Moran’s I Index, a spatial autocorrelation statistic that meets the assumptions of the Local Indicator of Spatial Associations (LISA). It decomposes the values of global Moran’s I statistic into components, thus creating a map with regions (clusters) characterised by high values of the analysed variable, surrounded by neighbours with high values (high-high HH), regions with low values surrounded by neighbours also with low values (low-low LL), and pairs of low-high (LH) and high-low (HL). Clusters, i.e., homogeneous groups of regions, significantly contribute to the positive result of global spatial autocorrelation while “hot-spots”, i.e., groups of dissimilar regions significantly reduce autocorrelation. The computational formula of the local Moran index (Ii) is the result of a slight modification of the global version of the measure:


   I i  =     ∑  j   w  i j      x i  −  x ¯       x j  −  x ¯        ∑  i  (  x i  −   x  ¯  )    








and describes, after transformation, the product of the values at the selected location and with its spatial lag, the weighted sum of the values at neighbouring locations. The sum of the local statistics is proportional to the global Moran’s I, or alternatively, the global Moran’s I corresponds to the average of the local statistics.



At the last stage of analysis, a search for predictors was carried out, which would explain the obtained values of cohesion indices for the analysed local administrative units (gminas). It was assumed that their characteristics that could affect the level of territorial cohesion should relate to their relative position in the population of analysed units in terms of the adopted indices. The subject of analysis are the characteristics of physical size: the area of the municipality and its distance from the NUTS 2 regional centres, where the seat of regional authorities is located (which are the economic, social, and cultural centre of the region), the financial characteristics in the form of own income, operational efficiency and ability to incur additional liabilities (foreign capital burden), the intensity of support from EU funds in the programming periods 2007–2013 and in the initial years of the next programming period (2014–2020), as well as demographic indicators, or characterizing the civic society: social involvement of the population expressed by the propensity to participate in local elections.



Due to the assignment of the cohesion index levels to five groups ordered in terms of values, the regression model for the prediction of the value of an ordered variable based on the logit function was chosen as the estimation technique. Taking into account that the explained variables are ordinal (i.e., they are discrete variables whose values—categories—can be ordered), a multinomial ordered logit model was used to analyse the influence of particular features of municipalities on the level of their territorial cohesion [50]. The model assumes that the examined characteristic is represented by a certain unobservable continuous variable y*, having a few cut-off points (κc) that divide its variability range into M ordered intervals. These intervals correspond to successive values of the observable variable y. The ordered variable y is thus a constrained record of the variable y*, which in turn is a linear function of the set of explanatory variables (vector x) and the unknown parameters (vector β). For i different objects (i = 1, 2, …, n), the objects are the individual municipalities that are the subject of the study the variable y* takes the form:


   y *  =  x i ′  β +  u i   








where ui is a vector of independent random components while according to the assumptions presented above:


  Pr    y i  ≤ c |  x i    = Pr    y i *  ≤  k c *  |  x i    =  g  c i    








for c = 1, 2, …, M − 1.



Assuming that the random component has a logistic distribution, the above formulas lead to the conclusion that:


  l o g i t    g  c i     = log      g  c i     1 −  g  c i       =  k c  −  x i ′  β  











The logistic model of the ordered variable thus takes the form:


   g  c i   = Pr    y i  ≤ c |  x i    =   exp    k c  −  x i ′  β     1 + exp    k c  −  x i ′  β      











The assessment of the quality of fit of the multinomial logit model includes checking the statistical significance and sign of individual predictors for the variables, odds-ratio, i.e., the exponential coefficient interpreted as an increase or decrease of the chance for a unit change in the explanatory variable to achieve a relative result in relation to the reference group. The goodness of fit of the logit model can also be assessed using a number of diagnostic statistics, such as the likelihood test and the pseudo-r coefficient. It is also a routine approach for this model to estimate a marginal effects matrix to assess the odds of assigning an individual to a given value group, i.e., the probability of an entity being in a given value cluster.





3. Results and Discussion


3.1. One-Dimensional Measures of Development (Hellwig’s)


Analysing the set of one-dimensional variables used in this study to construct partial measures of development, in line with the Hellwig approach, it can be concluded that rural areas in Poland recorded an unprecedented increase in the level of socio-economic and infrastructural development in 2005–2017 (Table 2). The increase in economic activity, measured by the number of active business entities weighted by population, can be indicated as particularly significant. The average value of this indicator increased by almost 20% in the period under analysis. There was also a significant improvement in the income situation of local government units, whose own unit income doubled. It was combined with relatively favourable relations on the labour market, where an increase of the number of economically active persons was recorded (by 15%). At the same time, a certain surprise is expressed by the decreasing share of investment expenditures in the total expenditures of municipalities’ investment activities. The average value of this index decreased by almost 1/3. This is all the more important as investment activities undertaken by gminas may be regarded as one of the basic factors of local development. It should be emphasized that the level of investment expenditures of municipalities is determined by a number of factors of varied nature. These include, among others, investment needs resulting from the implementation of particular local development tasks, the amount of financial resources available to a gmina, and the adopted development strategy, as well as the macroeconomic conditions of gmina functioning, including legal conditions.



An example of unprecedented development of rural areas in Poland in the years 2005–2017 is the development of transmission infrastructure networks for water supply, gas supply and sewage disposal. The level of density of transmission networks, measured both by spatial indicators of network length and by share indicators in relation to the population with access to the aforementioned media, indicates a roughly 20% increase in the length of the water supply and gas network and a more than twofold increase in the length of the sewage network. The indicators of the share of the population using the water supply, sewerage, and gas networks in the total population reached in 2017, respectively: 86%, 42%, and 20%. Similar relations can be registered in the case of some partial indicators describing the level of environmental development. Very significantly, by almost 60%, the level of sewage treatment increased, and the volume of municipal waste collected from residents has grown significantly, almost 40% units recorded the increase of the average unit value of expenditures on environmental protection and water management. The indicators reflecting the volume of natural resources subject to protection remained stable.
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Table 2. Descriptive statistics of one-dimensional variables describing particular partial development measures.






Table 2. Descriptive statistics of one-dimensional variables describing particular partial development measures.





	
Partial Variables

	
2005

	
2010

	
2017




	
Avg

	
St. Dev.

	
Min

	
Max

	
Avg

	
St. Dev.

	
Min

	
Max

	
Avg

	
St. Dev.

	
Min

	
Max






	
Economic Development




	
Business entities per 10 th inhabitants of working age

	
992.5

	
366.4

	
373.1

	
4991.1

	
1061.7

	
395.2

	
436.4

	
5673.9

	
1164.4

	
421.9

	
459.5

	
5631.7




	
Employed persons per 10 th inhabitants of working age

	
1631.2

	
1837.4

	
316.1

	
71 693.9

	
1728.5

	
1747.7

	
361.2

	
59,814.2

	
1882.6

	
1694.6

	
233.7

	
46,505.6




	
Own income of the commune per 1 inhabitant (PLN)

	
680.9

	
854.1

	
189.4

	
33,511.1

	
1072.7

	
1165.3

	
279.9

	
45,630.5

	
1491.8

	
1247.0

	
483.6

	
48,020.1




	
Share of investment expenditure in total municipal expenditure (%)

	
24.5

	
10.3

	
0.6

	
71.7

	
20.2

	
10.1

	
0.4

	
65.4

	
15.9

	
9.2

	
0.1

	
60.1




	
Demographic Development




	
Population density (inhabitants per km2)

	
77.6

	
69.7

	
4.6

	
810.4

	
80.0

	
73.5

	
4.6

	
824.0

	
81.0

	
76.5

	
4.4

	
838.6




	
Population change (3-year average)

	
102.0

	
4.9

	
68.6

	
141.0

	
102.0

	
4.9

	
68.6

	
141.0

	
102.1

	
9.0

	
71.8

	
182.8




	
Birth rate (3-year average) per 1000 inhabitants

	
−0.3

	
3.4

	
−21.9

	
9.1

	
0.7

	
6.2

	
−98.9

	
110.0

	
−0.6

	
3.4

	
−22.2

	
12.2




	
Migration balance (3-year average) per 1000 inhabitants

	
−0.6

	
6.1

	
−25.5

	
44.6

	
0.7

	
6.7

	
−14.1

	
62.3

	
−0.3

	
6.2

	
−15.5

	
44.6




	
Social dependency ratio (post-working age population per 100% inhabitants of working age)

	
26.1

	
7.1

	
8.6

	
90

	
25.6

	
6.2

	
10.9

	
92.4

	
28.5

	
5.5

	
14.3

	
88.1




	
Change in the social dependency ratio (3-year average)

	
98.9

	
7.3

	
76.9

	
135.9

	
98.9

	
7.3

	
76.9

	
135.9

	
112.3

	
17.2

	
72.8

	
203.0




	
Age dependency ratio (non-productive age population per 100% inhabitants of productive age)

	
64.6

	
8.5

	
43

	
117.9

	
58.7

	
6.6

	
36.6

	
116.9

	
59.0

	
4.7

	
42.7

	
116.0




	
Change in the age dependency ratio (3-year average)

	
91.3

	
4.7

	
73.0

	
116.4

	
91.3

	
4.7

	
116.4

	
73.0

	
92.2

	
9.5

	
67.8

	
143.9




	
Technical Infrastructure




	
Inhabitants using the water supply (%)

	
74.9

	
21.8

	
0.2

	
99.9

	
78.0

	
19.6

	
0.3

	
99.9

	
86.4

	
18.2

	
0.5

	
100.0




	
Inhabitants using sewage (%)

	
25.6

	
21.4

	
0.0

	
96.6

	
32.8

	
22.7

	
0.0

	
99.5

	
42.5

	
26.0

	
0.0

	
100.0




	
Inhabitants using the gas network (%)

	
16.9

	
25.6

	
0.0

	
95.2

	
19.5

	
26.8

	
0.0

	
97.1

	
20.2

	
27.0

	
0.0

	
98.6




	
Length of water supply network per 100 km 2

	
81.5

	
53.8

	
1.3

	
461.5

	
90.4

	
58.3

	
1.4

	
508.3

	
97.6

	
60.0

	
1.5

	
533.9




	
Length of the sewerage network per 100 km2

	
20.5

	
34.0

	
0.0

	
530.9

	
30.0

	
46.5

	
0.0

	
448.1

	
44.4

	
59.4

	
0.0

	
662.1




	
Social Infrastructure




	
Kindergartens per 100 km2

	
1.4

	
2.6

	
0.0

	
34.2

	
1.8

	
2.8

	
0.0

	
35.9

	
2.3

	
3.5

	
0.0

	
46.9




	
Preschool-age children attending kindergartens (%)

	
30.2

	
23

	
0.0

	
100

	
33.3

	
24.6

	
0.0

	
133.9

	
36.7

	
24.2

	
0.0

	
101.6




	
Primary schools per 100 km2

	
4.3

	
2.5

	
0.2

	
23.2

	
4.2

	
3.0

	
0.2

	
25.0

	
4.0

	
3.0

	
0.2

	
30.0




	
Children attending primary schools in relation to population aged 7–13 (%)

	
95

	
9.0

	
41.2

	
152

	
94.2

	
9.0

	
42.8

	
151.0

	
89.8

	
10.5

	
36.6

	
277.6




	
Lower secondary schools per 100 km2

	
1.9

	
1.8

	
0.0

	
26.3

	
1.9

	
1.8

	
0.0

	
26.3

	
1.9

	
1.8

	
0.0

	
26.3




	
Pupils attending lower secondary schools in relation to population aged 13–16 (%)

	
92.0

	
15.2

	
0.0

	
167.2

	
93.0

	
13.9

	
5.5

	
180.7

	
89.6

	
16.2

	
0.0

	
211.3




	
Community centres per 100 km2

	
1.2

	
2.1

	
0.0

	
19.0

	
1.2

	
2.1

	
0.0

	
19.6

	
1.3

	
2.2

	
0.0

	
18.3




	
Dispensaries per 100 km2

	
2.6

	
3.0

	
0.0

	
31.2

	
2.8

	
3.1

	
0.0

	
33.3

	
3.2

	
3.8

	
0.0

	
39.4




	
Dispensaries per 10 th inhabitants of working age

	
3.4

	
1.8

	
0.0

	
19.0

	
3.5

	
1.9

	
0.0

	
19.5

	
3.8

	
2.0

	
0.0

	
18.2




	
Libraries per 100 km2

	
2.6

	
2.0

	
0.0

	
21.1

	
2.6

	
2.1

	
0.0

	
21.1

	
2.5

	
2.0

	
0.0

	
21.1




	
Libraries per 10 th residents of working age

	
3.6

	
2.0

	
0.0

	
12.0

	
3.7

	
2.0

	
0.0

	
12.5

	
3.6

	
2.0

	
0.0

	
14.6




	
Environmental Development




	
Legally protected areas in the total area of the commune (%)

	
31.6

	
33.5

	
0.0

	
198.9

	
31.3

	
33.1

	
0.0

	
200.0

	
31.4

	
33.1

	
0.0

	
197.1




	
Forests in the total area of the commune (%)

	
26.2

	
17.4

	
0.0

	
88.9

	
26.7

	
17.5

	
0.0

	
88.8

	
26.9

	
17.5

	
0.0

	
89.4




	
Expenditures on environmental protection and water management (3-year average) in PLN per 1 inhabitant

	
6.5

	
6.6

	
0.0

	
50.7

	
7.4

	
7.1

	
0.3

	
66.8

	
8.9

	
6.0

	
1.0

	
47.7




	
Mixed municipal waste (m3) collected during the year per 1 inhabitant

	
110.2

	
93.9

	
0.0

	
1151.6

	
125.5

	
97.5

	
0.0

	
1360.0

	
145.2

	
88.8

	
3.0

	
1251.4




	
Treated wastewater in total wastewater (%)

	
28.5

	
25.6

	
0.0

	
187.6

	
34.9

	
26.1

	
0.0

	
177.4

	
44.5

	
27.8

	
0.0

	
179.5




	
Natura 2000 areas in the commune area (%)

	
13.2

	
22.7

	
0.0

	
100.0

	
13.2

	
22.7

	
0.0

	
100.0

	
13.2

	
22.7

	
0.0

	
100.0








Source: Own study based on Statistics Poland-LDB data.











The values of many measures of the development of social infrastructure are closely connected with demographic trends observed in rural areas. This applies in particular to the percentage of children attending primary and secondary schools, which recorded a regression in the period under analysis, while the indicators describing the level of development of fixed assets constituting elements of social infrastructure (schools, cultural facilities, health centres) recorded an increase, as well as the percentage of the youngest children covered by organised pre-school care. Against the background of generally positive data on economic, technical, social, and environmental development expressed in increasing indicators in the period of analysis, data showing the level of demographic development contrast negatively. Particularly characteristic are the declining measures of natural population growth, the growing level of migration, and the increasing level of social dependency, both in static and dynamic terms.



The decreasing value of the dependency ratio also reflects the deteriorating demographic situation in rural areas, indicating unfavourable shifts in the population pyramid, in particular as regards the decreasing share of the youngest persons in the total population. The population factor is treated as a fundamental element of the process of socio-economic development and of achieving territorial cohesion. In 1961, Schultz [51] already pointed out that it is not material investments and financial resources but human capital that is the most important factor of production. It should be stressed that the processes and trends in this area are slower than in the case of economic, social, infrastructural, or even environmental development, but the profound transformations taking place in the population structure have a lasting impact on development, especially of local systems [52]. In the case of Poland, the features of the current and future demographic development indicate that the dynamics of population development and changes in the country’s population structure by age (proportions of economic age groups) are not favourable. Still, the shape of the age pyramid in Poland can be considered slightly more favourable as compared to the average for the European Union, especially due to the lower level of the average age ratio as well as a higher share of people at working age. It should be noted though that between 2005 and 2017, the population potential of Poland increased by only 0.8%, significantly below the EU average of 2.5%. Poland’s demographic future is therefore characterized by a number of weaknesses: a regular decrease in the share of people aged up to 14 years as a result of poor replacement of generations, a decrease in the number of people of working age (potential labour resources), resulting in a dynamic ageing of the population. The average age of the population is projected to increase from 39 years today to over 51 years in 2050 [53]. Features of the current and future demographic development of Poland indicate that the dynamics of population development and changes in the population structure by age (proportions of economic age groups) are not favourable. Demographic trends and features of population development in Poland represent a significant development challenge; therefore, they should be taken into account when designing and implementing development strategies and assessing the potential for cohesion. Significant regional diversification of the demographic development should be stressed, also in rural areas.



The indicators described above were used in the next step to construct five partial aggregate measures for each of the defined areas of the territorial cohesion with the use of Hellwig’s quantitative technique. The estimated aggregate measures in subsequent years were assigned to five value clusters according to the scheme in Table 1. Subsequently, the proportion of the subpopulation of municipalities collected in each cluster was estimated relative to the total population. Comparison of the proportions in subsequent years of analysis allows us to determine the tendency of an. increase or reduction of values in the analysed period. A spatial element was also added to the summary, describing the variation of values within voivodeship, assigned in the national nomenclature to the NUTS 2 regional level. On the basis of changes in the proportions of shares, general development trends 2005–2017 were marked with arrows pointing down or up (Table 3).



Treating the presented scheme as a complex picture of transformations taking place in rural areas in Poland, one can observe a relative improvement of development indicators in the period under analysis. However, partial results indicate significant regional variation in this respect. In the case of the measure of economic development in most regions in 2005–2017, there was an increase in the aggregate indicator. The exceptions here are the regions of eastern and central Poland, which are ranked among the regions with the lowest level of development, also in comparison with the European Union regions. Notably, the most dynamic changes of a positive nature can be recorded in the area of infrastructural development (especially in terms of technical infrastructure). On the basis of the estimated data, weaknesses were noted in the area of the demographic development element, characterised by progressing depopulation, a decline in population growth rates, an increase in migration, and deteriorating proportions in the age pyramid, i.e., an increase in the number of elderly people in age cohorts with a simultaneous stagnation of the total population.



By means of estimating Pearson correlation coefficients for individual measures of development in subsequent years, the hypothesis of a lack of a uniform pattern of data arrangement and their large dispersion was verified. A total of 12 pairs of indicators were analysed. The estimated correlation measures were relatively low and did not exceed 0.5, except for pairs of the same variables in successive years, where the correlation coefficients indicated a very high correlation between the two values. All correlation coefficients were statistically significant at the 5% level (Table 4).




3.2. Cohesion Index Estimation Results


The DEA model, modified according to the assumptions given above, was used to build an index of territorial cohesion (CI). The formulation of the DEA model included 1 input of value 1 for each municipality and 5 effects in the form of partial measures of development constructed on the basis of Hellwig’s taxonomic approach. The CRS, output-oriented version was used. The index value is in the range of 0–1 with an increasing level of the metric indicating an increase in cohesion. In the case of the overall cohesion index estimated with the use of the DEA approach, a decrease in the value of this characteristic was noted in the period of analysis. Between the base year 2005 (CI = 0.536) and the final year 2017 (CI = 0.408), the level of territorial cohesion decreased annually by 0.0076. This allows us to draw an overall conclusion that over the period studied, territorial cohesion in the population was decreasing and polarization was progressing. The limit of maximum cohesion, corresponding to the efficiency frontier in the classical DEA model, was achieved in 2005 by 207 municipalities; in 2017, this group decreased to only 145.



The analysis of the components of this group indicates the homogeneity of this small population of entities, relatively constant in the successive years covered by the study. Therefore, the scope of territorial cohesion is not extended by new entities, it is shared by a relatively small and closed group of municipalities. Changes in cohesion were not evenly distributed both in spatial and value terms. The highest average index values were recorded in municipalities located in the western and southern regions of the country. In these areas, an increase in index values was also noted, indicating an increase in internal cohesion in these regions. A relatively low level of cohesion was identified in the eastern regions, characterised by insufficient values of economic development and unfavourable demographic structures.



Visually analysing the spatial projection of municipalities in rural areas in 2005 and 2017, taking into account the division into five value clusters (as defined in Table 1), the formation of concentrated areas with similar levels of development was identified, especially with regard to its extreme levels (Figure 1). Entities with a high level of territorial cohesion were concentrated around regional centres, especially the largest ones, as well as in highly urbanised areas in the southern part of the country, clusters of entities with the lowest cohesion appeared with much greater intensity in the area of the regions of the eastern belt of the country.



In order to quantify the dynamics of change in the values of territorial cohesion indices over the years, in the next step, the indicators of the dynamics of change of the measures were also estimated and then juxtaposed in a two-dimensional space in order to examine the trends that developed in relation to these values (Figure 2). The slope of the index change dynamics cloud of observations confirms the relatively high decline in territorial cohesion during the period in question. The static values of the cohesion index in 2005 and 2017, as well as the dynamic changes in the index values in the years of analysis, were supplemented by the relationships between selected generic characteristics of municipalities and their spatial location.



At this stage, the level and dynamics of change in the CI were assessed in relation to the spatial location of the gmina, within one of seven macro-regions (NUTS 1), as well as the generic variable distinguishing between rural and urban-rural gminas (i.e., villages and small towns) and additionally supplemented by the population type of the gmina (the municipality population type was estimated using the following formula: Population (in thousands) in types and population types of municipalities: rural—smallest (<2.5), small (2.5–5), medium (5–10), large (10–15), largest (>15); urban-rural—smallest (<5), small (5–7.5), medium (7.5–15), large (15–30), largest (>30)) and the income group (defined as quartiles of the distribution of unit own income). By type, i.e., by municipality type, one can note the absence of a statistically significant difference between the average values in the group of rural and urban-rural municipalities. In the case of values for 2017, the average index value in both groups is similar (respectively: 0.6 and 0.66 in 2005 and 0.53 and 0.56 in 2017). After increasing the granularity of the data and also adding the dimension of the size of the municipality measured by the number of inhabitants to the analysis, it can be seen that despite the consistent decrease in the value of the index in most groups in subsequent years, a slight increase in cohesion in the period 2005–2017 was recorded in the group of the largest urban-rural and rural municipalities. Thus, we confirm that the size of the local administrative unit (gmina), measured by the population potential and spatial location of the gmina, significantly affect the obtained cohesion level. It may be pointed out that rural municipalities with the highest population potential were also characterized by a higher average level of cohesion than small and medium units. In regional terms, the highest cohesion indicator levels were noted in the southern macroregion while the lowest in the central and eastern macroregion.
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Figure 2. Dynamics of the territorial cohesion index in the studied group of municipalities in 2005–2017 in relation to the structural characteristics of the entities. Source: Own study. 






Figure 2. Dynamics of the territorial cohesion index in the studied group of municipalities in 2005–2017 in relation to the structural characteristics of the entities. Source: Own study.



[image: Energies 15 00038 g002]





The analysis of the cohesion level in groups of municipalities with respect to their income also makes it possible to identify the relationship between the level of a commune’s unit income, i.e., its financial standing, and the level and dynamics of the cohesion change. The average cohesion level in the group of gminas with a high income position (very large) exceeded the cohesion level by 1.5 times in the group of gminas with a low (small) level of the feature. Similarly, municipalities with a disadvantageous income situation were among those for which the cohesion regression was the highest and the most severe. Based on the above results, it may be concluded that the population and economic potential of a municipality as well as its spatial location are factors that influence the achieved territorial cohesion level and the dynamics and direction of change of its value in the period when the analysis was conducted.




3.3. Moran’s Autocorrelation Measure Assessment


The results of the estimation of autocorrelation measures indicate a progressive tendency to build spatial clusters in the case of the territorial CI, both in absolute terms and in the case of the dynamics of the phenomenon. The increase in the value of Moran’s global I statistic over the years 2005–2017 from 0.371 to 0.537, with an annual progression of 0.0093, indicates the strengthening of spatial dependencies. Based on the reported values we can read the tendency of greater polarization of the studied regions in space and greater spatial heterogeneity of phenomena in the case of territorial cohesion. The above observation is confirmed by the results of the estimation of the local measure of spatial autocorrelation (Ii), indicating a different shape of both the number and dynamics of clusters and hot-spots in individual years. In 2005, in the case of the measure of CI, 472 municipalities were surrounded by municipalities with similar values and formed the so-called clusters (high and low values), i.e., units grouped by similarity of characteristics, while in 2017, the number of such objects increased to 577, i.e., more than ¼ of the total population of the surveyed municipalities. This indicates a progressive polarisation of the territorial cohesion feature in the analysed years with a simultaneous decrease in the absolute level of the feature. In the analysed period, there was a significant decrease in the number of so-called hot-spots, i.e., areas grouping units with outliers.




3.4. Multinomial Ordered Logit Model Results


In the last stage of the analysis, a search for predictors was carried out, which, in principle, could explain the behaviour of the CIs of the analysed municipalities. For this purpose, on the basis of literature sources, a set of indicators describing various aspects of the activity of municipalities was identified, in terms of physical characteristics, size, and financial strength and economic efficiency (Table 5).



The selection of explanatory variables was the result of literature studies on factors affecting the level of territorial cohesion, among others, by Kluza [54] and Spychała [55,56]. It is indicated that the level of territorial cohesion and the ability to increase it is determined by a number of endogenous characteristics of the local government unit and can be strengthened by exogenous support tools (external funds).



In the case of endogenous characteristics, objective characteristics are important, including spatial location, including proximity or peripherality to regional centres, which determines the so-called rent of location. The physical size of the local administrative unit measured by area was also taken into account, which determines, among other things, the degree of dispersion of the settlement network, which affects the cost intensity and economic viability of developing elements of technical infrastructure (mainly transmission networks) and data on social infrastructure (educational, health care, and cultural institutions).



The type of municipality and its size with respect to population resources has a direct bearing on its economic resources, particularly the amount of annual revenues, which is the result of the subsidy algorithm allocating tax revenues from personal and corporate taxes according to the population key. In turn, the administrative unit’s own financial resources determine its ability to undertake investment activity, and indirectly, they are also a factor affecting the possibility of obtaining external financing, both repayable (liabilities) and non-repayable (primarily in the form of aid funds from the European Union). In both cases, a gmina’s own financial strength is a factor that determines its creditworthiness and its ability to obtain aid funds (due to the necessity to make an own contribution). Therefore, in this analysis, statistics describing the ability of an administrative unit (commune) to generate added value (operating surplus, self-financing rate) as well as the size of external financial resources and the intensity of support from European Union funds were used. In this case, it was assumed that the achievement of territorial cohesion should be particularly influenced by the resources of the cohesion funds distributed under the operational programmes implemented in the regions; hence, this category of funds was separated for the programming period 2007–2013 both in relation to the financial value of assistance, as well as in relation to the number of projects implemented in the area of a given territorial unit (gmina). Given that support for cohesion is also contained in a number of measures in the field of rural development, the total value of support in the period 2007–2013, both as shares and in absolute terms, was also taken into account as a predictor of the level of cohesion. In addition to this, the value of unit support for the initial years of the next programming period (2014–2020) was included in the analysis [57].



The quantitative approach used in the analysis included regression calculus in the form of a multinomial logit ordered model. In the case of the multinomial logit model, the estimation of parameters and values of explanatory variables allows determination of the probability of the belonging of each observation to particular categories of the explained variable and then on their basis to assign each observation to the predicted category. The maximum likelihood principle is used here, according to which the observation is assigned to the category for which the probability of the belonging of the observation is the highest. Preliminary analysis of the correlation coefficients showed a relatively low level of correlation between explanatory variables, suggesting no threat of collinearity (Table 6).



The next step was to estimate the multinomial ordered logit with the dependent variable—the value of territorial CI in 2017 divided into 5 groups. The actual values of the territorial cohesion index were assigned to each value group using the mean value and standard deviation in the population, according to the scheme shown in Table 1. The explanatory variables were assigned to eight generic groups defining the relative position of the municipality in the population in terms of human resources and the size of the area, and physical characteristics—the area of the municipality and its location in relation to the central centre of the region, the level of civic involvement, measured by the propensity to participate in local elections, the financial strength of the entity in terms of the ability to generate own income, operating surplus, and debt level, the intensity of use of EU support funds in the financial perspective 2007–2013 and in the initial years of the financial perspective 2014–2020, the generic and population type of the municipality, and the spatial location defined by belonging to the relevant macro-region. Table 7 gives the results of model estimation. Positive (or negative) signs of estimated parameters for explanatory variables mean that as the value of a given variable increases (decreases), the probability of classifying an object to a higher ordinal category. In case of ranking variables (describing place of the gmina in the classification on the basis of the population and area criterion), the probability distribution has a logical and ordered character. In the case of the population ranking, as the size of the gmina measured by its place in the ranking decreases, the chance of assigning it to the lowest category of the cohesion index increases. In the case of the area ranking, this relationship is reversed. In the case of variables describing the financial condition of the gmina (the self-financing ratio and the financial surplus measure), the distribution of probabilities of entering particular categories of the index indicates a significant association between their maximisation and achieving a higher level of cohesion (the probability of being assigned to the highest category increases as the value of indicators increases). On the other hand, the distribution of variables describing the size and structure of the municipality’s indebtedness does not allow for unequivocal conclusions as to the direction of the relationship with the explained variable. Interpretation of the results indicates a sharp increase in the probability of being assigned to the lowest cohesion category along with an increase in the distance between a gmina and an NUTS 2 capital city as well as the size of the gmina measured by area. The highest CI values were recorded for gminas situated in a belt directly adjacent to the regional centre and to a lesser extent for gminas situated in the “second circle”, i.e., a farther belt surrounding the centre. A location in a belt directly adjacent to the region’s centre statistically significantly increases the chances of finding oneself in the highest cohesion cohorts. In the case of municipalities located farther away, this effect is also positive and statistically significant, although of lesser strength than in the case of the closer group. On the basis of the estimated values, it may be concluded that the range of break-even distances from the centre, beyond which a sharp decline in the probability of achieving high cohesion occurs, is in Poland approximately 50–60 km and is derived from the transport accessibility of the local government unit measured by the time of commuting to the centre (city) [58]. In the case of municipality revenues from the European Union funds, the lack of significance of a number of variables in this category when explaining the cohesion index level indicates that there is no unambiguous relationship between the discussed variables and the CI.



It is important to point out the positive but statistically insignificant impact on the cohesion of measures from regional operational programs, which are the most diverse and cover the widest range of activities aimed at developing technical, social, and educational infrastructure, supporting innovation and technological development, the development of entrepreneurship, but also low-carbon economy, environmental protection and natural resources, modern transport, or the development of the labour market and social inclusion [12]. However, this study confirms that there is a limit to the share of EU funds in the revenues of the municipality, beyond which the positive impact on cohesion will stop. This limit is, according to other studies, around 10% of the share of income [59,60]. Such a result clearly favours larger units with more resources, especially financial, allowing for off-set of increased inflow of funds and more efficient use of them.




3.5. Marginal Effects Analysis for Multinomial Logit Estimation Results


A marginal effects analysis (Table 8) showed the probability of finding oneself in a given CI level group depending on the intensity of the use of funds from the regional operational programs, both in terms of amounts (as a total amount per capita) and in terms of quantities in relation to the number of projects implemented in the area of a given gmina. The CI value decreases with increasing dependence between the size of gmina revenues and the size of the EU funds received while the probability of achieving low cohesion increases with an increase in the share of aid funds in revenues. This clearly indicates that there are limits to the positive impact of revenues from the EU on the possibility of achieving a high level of cohesion, with limited own resources generated by the administrative unit (gmina).



In the case of generic variables, according to the marginal effects calculus, assignment to the category of rural gminas lowers the probability of being in the lowest (very low) cohesion group by 5% and at the same time increases the probability of being classified in the highest (very high) cohesion category by 5%. A positive relationship with the dependent variable indicating an increase in territorial cohesion ceteris paribus was found in the case of the variables: place in the national ranking by population, participation in local elections, own income, both in relative and absolute terms (per head), operating surplus, and unit value of liabilities. The positive value of the regression coefficient was also found for all variables assigned to the sub-categories of the intensity of financial support from the EU and the type and population features.





4. Conclusions


Studies on the level and dynamics of territorial cohesion in 2005–2017 for municipalities in rural areas in Poland, determined by the degree of demographic, economic, infrastructural, and environmental development, have shown that in the development of rural space, there are processes of relatively strong polarization. The gap between gminas with a very low and very high cohesion level increased, which testifies to the deepening of inequalities between gminas. This reflects persistent trends in the development of rural space. Demographic, economic, and infrastructure development opportunities, and with them the level of territorial cohesion achieved, depend on the characteristics of the administrative unit under analysis, including in particular its population and its location in relation to larger urbanisation centres. Development indicators are much lower for gminas with a smaller number of inhabitants and those located peripherally in relation to a large settlement centre, irrespective of other characteristics taken into account in the assessment of a given administrative unit. The poles of demographic, economic, infrastructural, and environmental development are formed by gminas with a larger number of inhabitants.



The analysis revealed that there has been a decline in global cohesion as measured by the level of the aggregate cohesion index. There are clear differences in terms of the level of territorial cohesion in individual regions in Poland, but they are partly derived from endogenous factors related to the rent of location and population resources, which cannot easily be modified. In particular, big agglomerations and large cities are the strongest centres of development and technology diffusion in their regions [61]. Among partial determinants, which result from the analysis of unaggregated indicators, it should be indicated that unfavourable demographic tendencies connected with progressing depopulation of rural areas and an unfavourable population structure connected with the share of particular age groups and the size of an economically active population constitute a particular threat for the current and future cohesion level. The change of demographic trends, in contrast to infrastructural, economic, and environmental elements, is a slow and long-term process [20,62]. From the perspective of the adopted characteristics, between 2005 and 2017, there was an increase in the differentiation between municipalities in the regions, i.e., a decrease in the degree of internal cohesion in NUTS 2 regions. The intensity of the process of catching up of municipalities with a higher level of development and cohesion level by municipalities with a lower level is low, which may indicate that on a local scale, territorial cohesion is reached too slowly. This is a particularly worrying symptom in a country that is a beneficiary of cohesion policy, since its funds are spent precisely on reducing disparities between regions and within regions, i.e., among local units (gminas) in the region.



The observation of socio-economic phenomena in 2005–2017 confirms that specific groups of municipalities require a separate cohesion policy, which would create conditions for better use of existing and potential local resources in accordance with the strategic objectives of the region [33]. The implementation of the current ‘polarisation-diffusion’ model carries the risk of deepening disparities in terms of economic and social cohesion [63]. Differences between municipalities or regions are the result of many socio-economic factors and relations between them. They are caused mainly by the polycentric nature of the spatial structure and metropolisation processes, i.e., the creation of distinct growth poles around large cities [32]. As a result, it seems necessary to increase the role of regional and subregional centres in favour of areas lying outside their direct influence. In the case of peripheral areas, greater support for the regional policy with additional special support instruments or interventions is required. They should be spatially differentiated and adapted to the specific conditions existing in the region, or even in the commune, which should reduce the effects of spatial polarisation of development. It is necessary to develop a rational concept of a network of settlement units where infrastructure facilities should be located and to take care of their road and communication accessibility. This may ensure an efficient system of providing public services, which is related to improvement of the quality of life in rural areas. Undertaking activities towards further deconcentration of financial instruments of gminas gives them a chance for a comprehensive grasp of local development factors and implementation of activities within the framework of climate policy taking into account external instruments. A more flexible approach to credit limits of individual municipalities should be advocated. This could, on the one hand, limit the temptation of over-indebtedness of economically weak entities and, on the other hand, weaken unnecessary restrictions that constrain municipalities capable of intensive indebtedness.



The analytical approach presented in this paper was carried out at the level of delimitation commonly used in Europe; therefore, the logic and techniques of the analysis provide an opportunity to incorporate this approach into the toolkit for national and local evidence-based policy making.
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Figure 1. Cohesion index values in 2005 and 2017 spatially for municipalities in Poland for five level clusters. Source: Own study. 
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Table 1. Cluster intervals of the Cohesion Index (CI) synthetic variable.
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	Cohesion Level Cluster
	   Limits   of   the   Intervals   (  x ¯  — Mean ,   δ   —Standard Deviation)





	Very low (VL)
	    x i  <  x ¯  − 0.9  δ x    



	Low (L)
	    x ¯  − 0.3  δ x  >  x i  ≥  x ¯  − 0.9  δ x    



	Average (A)
	    x ¯  + 0.3  δ x  >  x i  ≥  x ¯  − 0.3  δ x    



	High (H)
	    x ¯  + 0.9  δ x  >  x i  ≥  x ¯  + 0.3  δ x    



	Very high (VH)
	    x i  ≥  x ¯  + 0.9  δ x    







Source: Own study.
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Table 3. Level of estimated development measures (Hellwig’s) by region (NUTS 2) in 2005 and 2017.






Table 3. Level of estimated development measures (Hellwig’s) by region (NUTS 2) in 2005 and 2017.





	

	
Year

	
2005

	
2005–2017

	
2017




	

	
Feature

	
Economic Development




	

	
Clusters *

	
VL

	
L

	
A

	
H

	
VH

	

	
VL

	
L

	
A

	
H

	
VH






	
NUTS 2

	
Lower Silesia

	
0.0

	
18.0

	
36.1

	
22.6

	
23.3

	
↑

	
0.0

	
14.3

	
36.8

	
26.3

	
22.6




	
Kujawsko-Pomorskie

	
7.9

	
40.2

	
30.7

	
8.7

	
12.6

	
↓

	
5.5

	
35.4

	
32.3

	
15.0

	
11.8




	
Lublin

	
40.9

	
36.8

	
15.0

	
4.1

	
3.1

	
↓

	
39.9

	
41.5

	
13.5

	
3.1

	
2.1




	
Lubuskie

	
1.4

	
9.6

	
32.9

	
26.0

	
30.1

	
↑

	
0.0

	
20.5

	
28.8

	
24.7

	
26.0




	
Łódzkie

	
9.4

	
38.4

	
28.9

	
8.8

	
14.5

	
↑

	
8.8

	
34.6

	
30.2

	
15.1

	
11.3




	
Małopolskie

	
22.0

	
38.1

	
18.5

	
7.7

	
13.7

	
↑

	
14.9

	
37.5

	
23.8

	
11.3

	
12.5




	
Mazovia

	
16.8

	
45.9

	
17.9

	
5.4

	
14.0

	
↑

	
18.6

	
39.8

	
20.1

	
5.7

	
15.8




	
Opolskie

	
2.9

	
33.8

	
27.9

	
16.2

	
19.1

	
↓

	
2.9

	
27.9

	
33.8

	
20.6

	
14.7




	
Podkarpackie

	
25.7

	
42.4

	
17.4

	
9.7

	
4.9

	
↓

	
29.2

	
46.5

	
15.3

	
4.9

	
4.2




	
Podlaskie

	
34.3

	
31.4

	
16.2

	
9.5

	
8.6

	
↓

	
29.5

	
35.2

	
19.0

	
7.6

	
8.6




	
Pomeranian

	
2.0

	
28.0

	
36.0

	
17.0

	
17.0

	
↑

	
3.0

	
19.0

	
44.0

	
20.0

	
14.0




	
Silesia

	
1.7

	
25.4

	
27.1

	
22.0

	
23.7

	
↓

	
0.8

	
18.6

	
32.2

	
22.9

	
25.4




	
Świętokrzyskie

	
21.6

	
46.4

	
16.5

	
5.2

	
10.3

	
↓

	
25.8

	
42.3

	
18.6

	
4.1

	
9.3




	
Warminsko-Mazurskie

	
10.0

	
38.0

	
26.0

	
14.0

	
12.0

	
↓

	
13.0

	
42.0

	
28.0

	
11.0

	
6.0




	
Wielkopolskie

	
4.8

	
22.2

	
28.0

	
17.4

	
27.5

	
↑

	
4.3

	
21.7

	
30.4

	
18.4

	
25.1




	
Zachodniopomorskie

	
2.9

	
22.3

	
31.1

	
13.6

	
30.1

	
↑

	
1.0

	
21.4

	
28.2

	
19.4

	
30.1




	

	
Feature

	
Demographic Development




	
NUTS 2

	
Lower Silesia

	
21.1

	
26.3

	
21.8

	
14.3

	
16.5

	
↑

	
9.8

	
33.1

	
30.1

	
13.5

	
13.5




	
Kujawsko-Pomorskie

	
12.6

	
22.8

	
27.6

	
17.3

	
19.7

	
↓

	
2.4

	
35.4

	
38.6

	
11.0

	
12.6




	
Lublin

	
25.9

	
27.5

	
25.9

	
13.0

	
7.8

	
↑

	
40.4

	
32.1

	
14.0

	
7.8

	
5.7




	
Lubuskie

	
20.5

	
23.3

	
34.2

	
17.8

	
4.1

	
↓

	
12.3

	
46.6

	
27.4

	
8.2

	
5.5




	
Łódzkie

	
30.2

	
26.4

	
22.6

	
7.5

	
13.2

	
↑

	
20.1

	
35.2

	
27.7

	
7.5

	
9.4




	
Małopolskie

	
7.7

	
14.9

	
26.2

	
25.0

	
26.2

	
↑

	
2.4

	
4.2

	
13.7

	
28.6

	
51.2




	
Mazovia

	
10.4

	
29.4

	
26.9

	
19.0

	
14.3

	
↑

	
17.2

	
28.7

	
26.9

	
10.8

	
16.5




	
Opolskie

	
35.3

	
32.4

	
23.5

	
8.8

	
0.0

	
↓

	
13.2

	
51.5

	
22.1

	
7.4

	
5.9




	
Podkarpackie

	
13.2

	
26.4

	
28.5

	
13.9

	
18.1

	
↑

	
2.8

	
11.1

	
33.3

	
32.6

	
20.1




	
Podlaskie

	
26.7

	
23.8

	
18.1

	
16.2

	
15.2

	
↑

	
45.7

	
32.4

	
14.3

	
1.0

	
6.7




	
Pomeranian

	
2.0

	
3.0

	
17.0

	
25.0

	
53.0

	
↑

	
3.0

	
14.0

	
38.0

	
17.0

	
28.0




	
Silesia

	
12.7

	
25.4

	
30.5

	
17.8

	
13.6

	
↑

	
7.6

	
8.5

	
27.1

	
17.8

	
39.0




	
Świętokrzyskie

	
41.2

	
23.7

	
14.4

	
10.3

	
10.3

	
↓

	
30.9

	
37.1

	
17.5

	
8.2

	
6.2




	
Warminsko-Mazurskie

	
1.0

	
15.0

	
35.0

	
25.0

	
24.0

	
↓

	
10.0

	
40.0

	
34.0

	
8.0

	
8.0




	
Wielkopolskie

	
10.1

	
25.6

	
27.5

	
14.5

	
22.2

	
↓

	
0.5

	
25.1

	
38.2

	
24.6

	
11.6




	
Zachodniopomorskie

	
15.5

	
18.4

	
32.0

	
18.4

	
15.5

	
↓

	
19.4

	
43.7

	
23.3

	
6.8

	
6.8




	

	
Feature

	
Technical Infrastructure




	
NUTS 2

	
Lower Silesia

	
9.8

	
29.3

	
31.6

	
15.8

	
13.5

	
↓

	
9.8

	
35.3

	
34.6

	
10.5

	
9.8




	
Kujawsko-Pomorskie

	
0.0

	
14.2

	
46.5

	
30.7

	
8.7

	
↓

	
0.0

	
15.7

	
57.5

	
19.7

	
7.1




	
Lublin

	
18.1

	
53.9

	
22.8

	
3.6

	
1.6

	
↓

	
20.2

	
52.8

	
19.7

	
5.2

	
2.1




	
Lubuskie

	
13.7

	
50.7

	
30.1

	
4.1

	
1.4

	
↓

	
20.5

	
47.9

	
26.0

	
5.5

	
0.0




	
Łódzkie

	
0.6

	
51.6

	
33.3

	
10.1

	
4.4

	
↓

	
3.1

	
49.7

	
34.0

	
10.7

	
2.5




	
Małopolskie

	
17.3

	
15.5

	
20.2

	
12.5

	
34.5

	
↑

	
10.1

	
18.5

	
17.3

	
14.9

	
39.3




	
Mazovia

	
15.4

	
46.6

	
24.4

	
5.0

	
8.6

	
↑

	
11.5

	
42.3

	
28.0

	
8.6

	
9.7




	
Opolskie

	
8.8

	
29.4

	
30.9

	
19.1

	
11.8

	
↓

	
8.8

	
26.5

	
38.2

	
13.2

	
13.2




	
Podkarpackie

	
10.4

	
19.4

	
18.1

	
16.7

	
35.4

	
↓

	
15.3

	
10.4

	
13.9

	
20.8

	
39.6




	
Podlaskie

	
20.0

	
58.1

	
18.1

	
2.9

	
1.0

	
↓

	
37.1

	
46.7

	
14.3

	
1.9

	
0.0




	
Pomeranian

	
8.0

	
37.0

	
31.0

	
13.0

	
11.0

	
↓

	
8.0

	
34.0

	
35.0

	
14.0

	
9.0




	
Silesia

	
4.2

	
22.0

	
24.6

	
21.2

	
28.0

	
↑

	
3.4

	
19.5

	
25.4

	
17.8

	
33.9




	
Świętokrzyskie

	
8.2

	
38.1

	
27.8

	
14.4

	
11.3

	
↑

	
6.2

	
26.8

	
32.0

	
21.6

	
13.4




	
Warminsko-Mazurskie

	
3.0

	
61.0

	
28.0

	
8.0

	
0.0

	
↓

	
6.0

	
63.0

	
26.0

	
5.0

	
0.0




	
Wielkopolskie

	
0.5

	
20.8

	
47.3

	
19.3

	
12.1

	
↓

	
1.9

	
23.7

	
47.3

	
17.9

	
9.2




	
Zachodniopomorskie

	
1.0

	
52.4

	
32.0

	
6.8

	
7.8

	
↓

	
8.7

	
56.3

	
19.4

	
10.7

	
4.9




	

	
Feature

	
Social Infrastructure




	
NUTS 2

	
Lower Silesia

	
11.3

	
41.4

	
33.8

	
10.5

	
3.0

	
↓

	
18.8

	
35.3

	
31.6

	
9.0

	
5.3




	
Kujawsko-Pomorskie

	
10.2

	
55.1

	
26.8

	
6.3

	
1.6

	
↓

	
12.6

	
38.6

	
37.8

	
8.7

	
2.4




	
Lublin

	
6.7

	
39.4

	
40.4

	
8.3

	
5.2

	
↑

	
13.5

	
38.3

	
34.7

	
10.4

	
3.1




	
Lubuskie

	
30.1

	
37.0

	
26.0

	
6.8

	
0.0

	
↓

	
15.1

	
45.2

	
23.3

	
15.1

	
1.4




	
Łódzkie

	
11.9

	
32.7

	
31.4

	
13.8

	
10.1

	
↓

	
8.2

	
27.7

	
37.7

	
16.4

	
10.1




	
Małopolskie

	
1.2

	
3.6

	
10.7

	
17.3

	
67.3

	
↑

	
0.6

	
4.8

	
15.5

	
24.4

	
54.8




	
Mazovia

	
9.0

	
45.2

	
27.6

	
12.2

	
6.1

	
↓

	
11.1

	
36.2

	
26.9

	
16.8

	
9.0




	
Opolskie

	
0.0

	
23.5

	
26.5

	
22.1

	
27.9

	
↓

	
1.5

	
23.5

	
29.4

	
26.5

	
19.1




	
Podkarpackie

	
2.8

	
11.8

	
22.2

	
20.1

	
43.1

	
↓

	
3.5

	
17.4

	
23.6

	
25.7

	
29.9




	
Podlaskie

	
37.1

	
46.7

	
14.3

	
1.9

	
0.0

	
↑

	
39.0

	
43.8

	
12.4

	
3.8

	
1.0




	
Pomeranian

	
27.0

	
41.0

	
29.0

	
3.0

	
0.0

	
↑

	
21.0

	
38.0

	
30.0

	
8.0

	
3.0




	
Silesia

	
1.7

	
7.6

	
15.3

	
21.2

	
54.2

	
↑

	
0.0

	
5.1

	
20.3

	
17.8

	
56.8




	
Świętokrzyskie

	
3.1

	
21.6

	
47.4

	
21.6

	
6.2

	
↓

	
4.1

	
33.0

	
39.2

	
16.5

	
7.2




	
Warminsko-Mazurskie

	
41.0

	
52.0

	
6.0

	
1.0

	
0.0

	
↑

	
38.0

	
48.0

	
10.0

	
4.0

	
0.0




	
Wielkopolskie

	
12.6

	
35.7

	
35.3

	
13.5

	
2.9

	
↑

	
9.2

	
21.3

	
39.1

	
18.8

	
11.6




	
Zachodniopomorskie

	
30.1

	
50.5

	
15.5

	
1.0

	
2.9

	
↑

	
21.4

	
51.5

	
17.5

	
6.8

	
2.9




	

	
Feature

	
Environmental Development




	

	
Lower Silesia

	
9.0

	
19.5

	
14.3

	
21.1

	
36.1

	
↑

	
3.8

	
11.3

	
26.3

	
26.3

	
32.3




	

	
Kujawsko-Pomorskie

	
23.6

	
25.2

	
22.8

	
13.4

	
15.0

	
↑

	
14.2

	
17.3

	
32.3

	
22.0

	
14.2




	

	
Lublin

	
40.4

	
30.6

	
19.7

	
5.7

	
3.6

	
↓

	
57.0

	
28.0

	
11.9

	
2.6

	
0.5




	

	
Lubuskie

	
0.0

	
4.1

	
17.8

	
27.4

	
50.7

	
↑

	
0.0

	
1.4

	
11.0

	
26.0

	
61.6




	

	
Łódzkie

	
39.6

	
32.7

	
10.7

	
8.2

	
8.8

	
↓

	
26.4

	
39.0

	
18.9

	
11.9

	
3.8




	

	
Małopolskie

	
16.7

	
22.0

	
32.7

	
14.9

	
13.7

	
↑

	
20.2

	
25.6

	
26.2

	
16.7

	
11.3




	

	
Mazovia

	
32.3

	
31.5

	
17.6

	
8.6

	
10.0

	
↑

	
33.0

	
29.0

	
19.7

	
10.0

	
8.2




	

	
Opolskie

	
4.4

	
13.2

	
32.4

	
17.6

	
32.4

	
↑

	
8.8

	
14.7

	
13.2

	
35.3

	
27.9




	

	
Podkarpackie

	
10.4

	
30.6

	
34.0

	
17.4

	
7.6

	
↓

	
18.1

	
31.3

	
33.3

	
13.2

	
4.2




	

	
Podlaskie

	
25.7

	
31.4

	
26.7

	
8.6

	
7.6

	
↓

	
35.2

	
32.4

	
18.1

	
8.6

	
5.7




	

	
Pomeranian

	
7.0

	
13.0

	
28.0

	
29.0

	
23.0

	
↑

	
1.0

	
6.0

	
27.0

	
30.0

	
36.0




	

	
Silesia

	
16.1

	
29.7

	
23.7

	
22.0

	
8.5

	
↑

	
11.9

	
16.1

	
24.6

	
22.9

	
24.6




	

	
Świętokrzyskie

	
20.6

	
28.9

	
24.7

	
13.4

	
12.4

	
↓

	
19.6

	
41.2

	
24.7

	
11.3

	
3.1




	

	
Warminsko-Mazurskie

	
4.0

	
21.0

	
20.0

	
26.0

	
29.0

	
↑

	
2.0

	
17.0

	
21.0

	
23.0

	
37.0




	

	
Wielkopolskie

	
10.1

	
21.3

	
30.0

	
15.5

	
23.2

	
↑

	
2.9

	
13.0

	
24.2

	
19.3

	
40.6




	

	
Zachodniopomorskie

	
2.9

	
16.5

	
19.4

	
25.2

	
35.9

	
↑

	
0.0

	
9.7

	
24.3

	
31.1

	
35.0








Values in the table describe the percentage share of entities in a given cluster in the total population of municipalities in a given region. * VL—Very Low; L—Low; A—Average; H—High; VH—Very High. Source: own elaboration.
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Table 4. Correlation coefficients of partial measures of development in 2005, 2010, and 2017.
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Categories *

	
2005

	

	
2010

	

	
2017

	




	
ED

	
DD

	
TI

	
SI

	
EN

	
ED

	
DD

	
TI

	
SI

	
EN

	
ED

	
DD

	
TI

	
SI

	
EN






	
2005

	
ED

	
1

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
DD

	
0.06

	
1

	

	

	

	

	

	

	

	

	

	

	

	

	




	
TI

	
0.41

	
0.07

	
1

	

	

	

	

	

	

	

	

	

	

	

	




	
SI

	
0.14

	
0.00

	
0.50

	
1

	

	

	

	

	

	

	

	

	

	

	




	

	
EN

	
0.57

	
0.02

	
0.27

	
−0.02

	
1

	

	

	

	

	

	

	

	

	

	




	
2010

	
ED

	
0.93

	
0.09

	
0.41

	
0.14

	
0.54

	
1

	

	

	

	

	

	

	

	

	




	
DD

	
0.31

	
0.55

	
0.41

	
0.32

	
0.17

	
0.35

	
1

	

	

	

	

	

	

	

	




	
TI

	
0.41

	
0.12

	
0.91

	
0.52

	
0.21

	
0.43

	
0.46

	
1

	

	

	

	

	

	

	




	
SI

	
0.26

	
−0.07

	
0.52

	
0.85

	
0.09

	
0.24

	
0.26

	
0.53

	
1

	

	

	

	

	

	




	

	
EN

	
0.61

	
0.04

	
0.31

	
0.01

	
0.80

	
0.60

	
0.23

	
0.29

	
0.12

	
1

	

	

	

	

	




	
2017

	
ED

	
0.89

	
0.10

	
0.39

	
0.13

	
0.50

	
0.92

	
0.37

	
0.41

	
0.22

	
0.59

	
1

	

	

	

	




	
DD

	
0.30

	
0.55

	
0.46

	
0.38

	
0.11

	
0.35

	
0.88

	
0.53

	
0.30

	
0.19

	
0.36

	
1

	

	

	




	
TI

	
0.40

	
0.14

	
0.86

	
0.58

	
0.16

	
0.42

	
0.51

	
0.92

	
0.57

	
0.25

	
0.41

	
0.59

	
1

	

	




	
SI

	
0.17

	
−0.03

	
0.38

	
0.63

	
0.04

	
0.16

	
0.25

	
0.40

	
0.70

	
0.06

	
0.15

	
0.30

	
0.45

	
1

	




	

	
EN

	
0.58

	
0.10

	
0.27

	
−0.03

	
0.72

	
0.58

	
0.26

	
0.26

	
0.08

	
0.79

	
0.56

	
0.21

	
0.24

	
0.03

	
1








* Economic (ED); Demographic (DD); Technical (TI); Social (SI); Environmental (EN). Source: own elaboration.
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Table 5. Independent variables used to construct the multinomial logit model.
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No.

	
Symbol

	
Variable Description

	
Average

	
Std. Dev.

	
Min

	
Max

	
Ass. Relation with Dep. Var




	

	
Continuous Variables






	
1

	
MA

	
Municipality area in km2

	
137.28

	
74.64

	
8.00

	
634.00

	
−/+




	
2

	
DC

	
Distance from the capital of the region (NUTS 2) in km

	
61.81

	
29.58

	
7.60

	
181.49

	
+




	
3

	
VT

	
Voter turnout in 2014 municipal election in percent

	
54

	
8.0

	
31

	
79

	
+




	
4

	
OT

	
Own revenues in total revenues in percent (3 y. avg)

	
38.04

	
13.56

	
16.53

	
76.92

	
+




	
5

	
OC

	
Own revenues per capita in PLN (3 y. avg)

	
1127.73

	
523.07

	
479.70

	
3688.44

	
+




	
6

	
SF

	
Self-financing ratio—the sum of property income and operating surplus to property expenditures (3 y. avg)

	
1.46

	
0.71

	
0.64

	
5.62

	
+




	
7

	
OS

	
Operating surplus—the difference between current revenues and current expenditures of the local authority in PLN per capita (3 y. avg)

	
377.30

	
197.96

	
48.79

	
1207.62

	
+




	
8

	
TC

	
Total liabilities per capita—in PLN (3 y. avg)

	
903.59

	
614.93

	
1.00

	
3105.71

	
−/+




	
9

	
SE

	
Share of revenue from EU (2007–2013) in percent

	
4.42

	
3.26

	
0.19

	
16.14

	
+




	
10

	
EC

	
Revenue from EU per capita (2007–2013)

	
837.87

	
693.54

	
29.32

	
3803.89

	
+




	
11

	
VC

	
Value of projects from ROP per capita (2007–2013) in PLN

	
16.44

	
13.73

	
0.98

	
83.25

	
+




	
12

	
NP

	
Number of projects from ROP (2007–2013)

	
14.34

	
15.2

	
1

	
89.5

	
+




	
13

	
VP

	
Value of 2014–2020 projects per capita in PLN

	
3081

	
3356.4

	
68.04

	
18,408.08

	
+




	

	
Ranking of Municipalities




	
No.

	

	
Variable description

	
Minimum ranking

	
Maximum ranking

	




	
14

	
RA

	
Relative position in the peer group by area

	
1

	
2332

	
−/+




	
15

	
RP

	
Relative position in the peer group by population

	
45

	
2310

	
−/+




	

	
Binary Variables (0–1)




	
No.

	

	
Variable description

	
Quantity (number of municipalities)

	




	
16

	
MR

	
Municipality type (rural)

	
1563

	
−/+




	
17

	
RL

	
Municipality type and size (rural large)

	
267

	
−/+




	
18

	
RS

	
Municipality type and size (rural small)

	
572

	
−/+




	
19

	
UL

	
Municipality type and size (urban-rural large)

	
214

	
−/+




	
20

	
US

	
Municipality type and size (urban-rural small)

	
144

	
−/+




	
21

	
NW

	
Spatial location of the municipality in NUTS1 (south-west)

	
201

	
−/+




	
22

	
NS

	
Spatial location of the municipality in NUTS1 (south)

	
286

	
−/+




	
23

	
NN

	
Spatial location of the municipality in NUTS1 (north)

	
327

	
−/+




	
24

	
NA

	
Spatial location of the municipality in NUTS1 (north-west)

	
383

	
−/+




	
25

	
NC

	
Spatial location of the municipality in NUTS1 (central)

	
256

	
−/+




	
26

	
NE

	
Spatial location of the municipality in NUTS1 (east)

	
442

	
−/+




	
27

	
IC

	
Location directly adjacent to the NUTS 2 regional capital (inner circle)

	
129

	
+




	
28

	
RC

	
Location indirectly adjacent to the NUTS 2 regional capital (outer circle)

	
215

	
+








Source: Own study.
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Table 6. Pearson correlation coefficients for continuous explanatory variables describing the level of territorial cohesion index.
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	MA ‡
	DC
	VT
	OT
	OC
	SF
	OS
	TC
	SE
	EC
	VC
	NP
	VP
	RA
	RP





	MA
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	DC
	0.20 ***
	1
	
	
	
	
	
	
	
	
	
	
	
	
	



	VT
	−0.21 ***
	0.09 ***
	1
	
	
	
	
	
	
	
	
	
	
	
	



	OT
	0.08 ***
	−0.23 ***
	−0.22 ***
	1
	
	
	
	
	
	
	
	
	
	
	



	OC
	0.08 ***
	−0.12 ***
	−0.09 ***
	0.58 ***
	1
	
	
	
	
	
	
	
	
	
	



	SF
	−0.02
	0.07 ***
	0.04 **
	−0.05 **
	0.00
	1
	
	
	
	
	
	
	
	
	



	OS
	−0.04 *
	−0.07 ***
	0.01
	0.41 ***
	0.48 ***
	−0.02
	1
	
	
	
	
	
	
	
	



	TC
	0.11 ***
	−0.01
	−0.02
	0.14 ***
	0.23 ***
	0.00
	−0.11 ***
	1
	
	
	
	
	
	
	



	SE
	−0.02
	−0.02
	0.04 *
	−0.11 ***
	−0.02
	0.08 ***
	−0.01
	0.19 ***
	1
	
	
	
	
	
	



	EC
	0.00
	0.03
	0.07 ***
	−0.08 ***
	0.08 ***
	0.10 ***
	0.03
	0.23 ***
	0.67 ***
	1
	
	
	
	
	



	VC
	0.16 ***
	0.03
	−0.04 *
	0.05 **
	0.06 ***
	−0.04 *
	0.08 ***
	0.00
	0.09 ***
	0.10 ***
	1
	
	
	
	



	NP
	0.30 ***
	−0.14 ***
	−0.26 ***
	0.29 ***
	0.16 ***
	−0.15 ***
	0.14 ***
	0.04 *
	0.00
	−0.04 *
	0.62 ***
	1
	
	
	



	VP
	0.00
	−0.20 ***
	−0.05 **
	0.18 ***
	0.17 ***
	−0.03
	0.07 ***
	0.09 ***
	0.08 ***
	0.08 ***
	0.01
	0.09 ***
	1
	
	



	RA
	−0.89 ***
	−0.19 ***
	0.19 ***
	−0.05 **
	−0.04 *
	0.04 *
	0.03
	−0.10 ***
	0.02
	0.00
	−0.15 ***
	−0.28 ***
	0.00
	1
	



	RP
	−0.27 ***
	0.24 ***
	0.39 ***
	−0.41 ***
	−0.19 ***
	0.25 ***
	−0.14 ***
	−0.08 ***
	0.10 ***
	0.16 ***
	0.03
	−0.53 ***
	−0.11 ***
	0.26 ***
	1







‡ Symbols as described in Table 5. Statistical significance—*** 1%, ** 5%, * 10%. Source: Own study.
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Table 7. Results of estimation of multinomial ordered logit with dependent variable—value of territorial CI in 2017 by 5 groups.
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Category

	
Variable

	
Value (Standard Errors in Parentheses)

	
OR (Odds Ratio)






	
Relative position in the population

	
RA ‡

	
−0.002 ***

	
0.997




	
(0.000)




	
RP

	
0.003 ***

	
1.002




	
(0.000)




	
Physical characteristics

	
MA

	
−0.002

	
0.997




	
(0.001)




	
DC

	
−0.007 ***

	
0.993




	
(0.002)




	
IC

	
1.48 ***

	
4.407




	
(0.255)




	
RC

	
0.51 ***

	
1,67




	
(0.155)




	
Civic engagement

	
VT

	
0.662

	
1.939




	
(0.653)




	
Financial characteristics of municipalities

	
OT

	
0.033 ***

	
1.033




	
(0.009)




	
OC

	
0.002 ***

	
1.002




	
(0.000)




	
SF

	
−0.080

	
0.923




	
(0.062)




	
OS

	
0.002 ***

	
1.002




	
(0.000)




	
TC

	
0.000 *

	
1.000




	
(0.000)




	
Intensity of financial support from the EU

	
SE

	
0.029 *

	
1.029




	
(0.014)




	
EC

	
0.000 *

	
1.000




	
(0.000)




	
VC

	
0.001

	
1.001




	
(0.008)




	
NP

	
0.005

	
1.005




	
(0.007)




	
VC

	
0.000 ***

	
1.000




	
(0.000)




	
Municipality type

	
TR

	
1.118 ***

	
3.057




	
(0.079)




	
Municipality type

	
RL

	
0.495 ***

	
1.640




	
(0.049)




	
RS

	
0.253 *

	
1.288




	
(0.099)




	
US

	
−0.060

	
0.942




	
(0.055)




	
UL

	
0.635 ***

	
1.888




	
(0.055)




	
Spatial location of the municipality

	
NW

	
−0.344

	
0.709




	
(0.122)




	
NS

	
1.298

	
3.663




	
(0.126)




	
NN

	
0.581

	
1.789




	
(0.107)




	
NA

	
0.945

	
2.572




	
(0.102)




	
NC

	
−0.533

	
0.587




	
(0.113)




	
NE

	
0.189

	
1.209




	
(0.095)




	
Cutpoints




	

	
1|2

	
0.714 ***

	




	
(0.0112)




	
2|3

	
3.143 ***

	




	
(0.0848)




	
3|4

	
5.205 ***

	




	
(0.1146)




	
4|5

	
6.632 ***

	




	
(0.1387)




	
Model Statistics




	
Log likelihood

	
−2368.659

	
Likelihood ratio test (χ2-25df)

	
2453.3 ***




	
Number of observations

	
2174

	
McFadden—pseudo R2

	
0.303








Statistical significance—*** 1%, ** 5%, * 10%. ‡ Symbols as shown in Table 5. Source: Own study.
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Table 8. Marginal effects for multinomial ordered logit model with dependent variable—territorial cohesion index value in 2017 divided into 5 groups.
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Variable

	
Marginal Effects for Cluster Membership




	
Very Low (VL)

	
Low (L)

	
Average (A)

	
High (H)

	
Very High (VH)




	
dx/dy

	
dx/dy

	
dx/dy

	
dx/dy

	
dx/dy






	
RA ‡

	
0.000 ***

	
0.000 ***

	
0.000 ***

	
0.000 ***

	
0.000 ***




	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)




	
RP

	
0.000 ***

	
0.000 ***

	
0.000 ***

	
0.000 ***

	
0.000 ***




	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)




	
MA

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000




	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)




	
DC

	
0.000 ***

	
0.001 ***

	
0.000 ***

	
−0.001 ***

	
0.000 ***




	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)




	
IC

	
−0.064 ***

	
−0.276 ***

	
0.122 ***

	
0.151 ***

	
0.067 ***




	
(0.011)

	
(0.047)

	
(0.023)

	
(0.028)

	
(0.013)




	
RC

	
−0.022 ***

	
−0.095 ***

	
0.042 ***

	
0.052 ***

	
0.023 ***




	
(0.007)

	
(0.029)

	
(0.014)

	
(0.016)

	
(0.007)




	
VT

	
−0.006

	
−0.025

	
0.018

	
0.013

	
0.006




	
(0.030)

	
(0.125)

	
(0.055)

	
(0.066)

	
(0.031)




	
OT

	
−0.001 **

	
−0.005 **

	
0.001 **

	
0.003 **

	
0.001 **




	
(0.001)

	
(0.002)

	
(0.001)

	
(0.001)

	
(0.001)




	
OC

	
0.000 ***

	
0.000 ***

	
0.000 ***

	
0.000 ***

	
0.000 ***




	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)




	
SF

	
0.003

	
0.013

	
−0.008

	
−0.007

	
−0.003




	
(0.003)

	
(0.012)

	
(0.005)

	
(0.006)

	
(0.003)




	
OS

	
0.000 ***

	
0.000 ***

	
0.000 ***

	
0.000 ***

	
0.000 ***




	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)




	
TC

	
0.000 *

	
0.000 *

	
0.000 *

	
0.000 *

	
0.000 *




	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)




	
SE

	
0.003

	
0.014

	
−0.007

	
−0.007

	
−0.003




	
(0.004)

	
(0.015)

	
(0.007)

	
(0.008)

	
(0.004)




	
EC

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000




	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)




	
VC

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000




	
(0.000)

	
(0.001)

	
(0.001)

	
(0.001)

	
(0.000)




	
NP

	
−0.001

	
−0.002

	
0.001

	
0.001

	
0.001




	
(0.000)

	
(0.001)

	
(0.001)

	
(0.001)

	
(0.000)




	
VC

	
0.000 ***

	
0.000 ***

	
0.000 ***

	
0.000 ***

	
0.000 ***




	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)




	
TR

	
−0.047 ***

	
−0.196 ***

	
0.090 ***

	
0.104 ***

	
0.049 ***




	
(0.009)

	
(0.034)

	
(0.018)

	
(0.019)

	
(0.009)




	
RL

	
−0.018 *

	
−0.076

	
0.035

	
0.040

	
0.019




	
(0.010)

	
(0.040)

	
(0.018)

	
(0.021)

	
(0.010)




	
RS

	
−0.010

	
−0.040

	
0.018

	
0.021

	
0.010




	
(0.008)

	
(0.034)

	
(0.015)

	
(0.018)

	
(0.008)




	
US

	
0.005

	
0.020

	
−0.009

	
−0.011

	
−0.005




	
(0.010)

	
(0.041)

	
(0.019)

	
(0.022)

	
(0.010)




	
UL

	
−0.025 **

	
−0.105 **

	
0.048 **

	
0.055 **

	
0.026 **




	
(0.011)

	
(0.047)

	
(0.022)

	
(0.025)

	
(0.012)








Statistical significance—*** 1%, ** 5%, * 10%. ‡ Symbols as shown in Table 5. Standard errors in parentheses. Source: Own study.
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