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Abstract: Land fragmentation and the distribution of plots in rural areas has a negative effect on the 
profitability and efficiency of agricultural production. Land consolidation and exchange is an 
operation that facilitates improvements in the spatial structure, while at the same time contributing 
to the sustainable development of rural areas. With regard to the large number of problem areas, 
they cannot be subject to land consolidation and exchange at the same time for reasons related to 
finance and human resources. Therefore, the authors propose that land for consolidation should be 
consolidated into larger typological units. Identifying those areas that are most similar facilitates 
the analysis and makes it possible to capture the spatial differentiation of land. The proposed 
method was tested on 116 villages in the county of Łęczna, situated in Lublin Voivodeship in Eastern 
Poland. The aim of this research is to develop the concept of village grouping into larger typological 
units. The obtained results allowed for the creation of a grouping methodology based on selected 
diagnostic variables that can be applied to other research objects. The description of differences 
between the identified groups of villages makes it possible to determine the hierarchy of urgency of 
for land consolidation and exchange. Although delimitation itself does not determine the sequence 
in which consolidation should be performed, it does allow for the identification of similar areas 
where such works should be performed at the same time. Based on properly selected guidelines, it 
is also possible to develop an adequate hierarchy of works. In addition, identifying areas which 
share similar spatial characteristics and consolidating them has a positive influence, primarily on 
the cultural heritage, because some variables reflect both quantitative and qualitative aspects of 
human development on the use of land and on the built-up environment. 

Keywords: cultural heritage; GIScience; land change science; Ward’s method 
 

1. Introduction 

Along with the growth in the global population over the centuries, human settlements have 
become more and more numerous. Initially, they were very primitive, but with time, the spatial 
structure of settlements has become increasingly ordered. Spatial planning of villages depends on 
multiple factors, including but not limited to terrain relief, the size of crop fields, and local customs 
[1–3]. The legal regulations in force facilitated splitting the farms into smaller plots. Owners of farms 
split their farms into smaller plots, mainly due to the process of transferring land to their heirs. The 
problem associated with excessive fragmentation of land refers to Mexico [4], India [5], Central 
Europe [6,7], China [8], Cyprus [9] Bulgaria [10], Turkey [11], Spain [12,13], Czech Republic [14], 
Hungary [15], Poland [16], The Netherlands [17], and Albania [18]. Another reason that land 
fragmentation occurred in Central and Eastern Europe after the fall of Communism in the 1990s was 
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due to the process of privatisation. Another negative factor resulting in negative spatial structure is 
the distribution of plots. In world literature, both fragmentation and the distribution of land is 
referred to as ‘land fragmentation’. The authors distinguish four types of land fragmentation, 
depending on the number of owners using the specific piece of land, the form of ownership or title, 
the type of use, and the geometric structure of plots [6,9]. Along with the increase in the number of 
arable plots and their distance from the farmer’s settlement, the cost of production increases and the 
farmer’s income decreases [19–23]. The fragmentation of the land of individual farms is a huge 
problem that is a barrier to its development, modernization, and has the effect of the lowering the 
profitability obtained from production farming. 

A land surveying tool used for improving the arrangement of land is the operation of 
consolidation and the exchange of land which exists in Poland and in the world, for example, in such 
countries as the Netherlands [17], Cyprus [9], Slovakia [24] Czech Republic [25], China [26], Finland 
[27], and Northern Ghana [28]. Land consolidation is an agricultural-device operation, the aim of 
which is to create more favourable farming and forestry conditions by improving the area structure 
of agricultural holdings, forests and forest land, rational landscaping of land, the adjustment of 
property boundaries to the systems of water melioration facilities, roads, and land relief. The 
regulations of the Food and Agriculture Organization of the United Nations (FAO) [29] land 
consolidation are classified on three levels: first, the micro level, in which the LC (Land 
Consolidation) aims to change the structure of farms and their immediate surroundings to enable 
farmers to increase their competitiveness. Second, there is a meso level in which LC has a wider range, 
with the tendency to change rural communities by improving infrastructure (roads, irrigation and 
drainage systems, water, drainage systems, etc.), the natural environment and nature management 
resources, landscape, and, as a consequence, the spatial arrangement of economic activity. At the 
macro level, we focus on changes that can positively affect the whole country by reducing disparities 
between rural and urban areas, by ensuring greater efficiency and diversity in the use of rural space 
by improving the overall competitiveness of the agricultural and rural sectors, and finally, by 
building trust between government and rural residents, as well as by strengthening the land market 
[9]. Land consolidation works are very important for improving the spatial structure of the village. 
As a result, better farming conditions are created in agriculture and forestry by improving the area 
structure of agricultural holdings, forests and forest land, rational shaping of land, the adjustment of 
property boundaries to the systems of water melioration facilities, roads, and land relief. 

In the literature on the subject, the areas selected for consolidation work are based on synthetic 
indicators, thereby enabling the selection of an area for land consolidation works. The authors use a 
number of factors to describe the studied area in detail. Works related to land consolidation indicators 
were carried out, inter alia, in Denmark [30], China [26], Poland [31], and Finland [27]. Land 
consolidation and exchange have a big impact on cultural heritage, which is defined in the literature 
as an expression of ways of life developed by the community and passed down from generation to 
generation, including customs, practices, places, objects, artistic expressions, and values. Cultural 
heritage (CH) is often expressed as non-material or material cultural heritage. It has a historical, 
social, and anthropological value and is regarded as a factor of sustainable development. In human 
activity, cultural heritage produces tangible representations of systems of values, beliefs, traditions, 
and lifestyles. As a substantial part of the whole culture, cultural heritage contains visible and 
tangible traces of the historical past. As regards issues related to rural areas, such traces include land 
fragmentation. It was created based on historical conditions when parents would split their fields to 
ensure a fair share for each of their children. Cultural heritage consists primarily of specific features 
in the physical landscape associated with cultural meanings and related to histories of human use 
[32,33]. 

Rural areas in Poland and throughout the world require deep structural transformations 
connected both with agricultural production and the size of farms, spatial and technical configuration 
of plots, and the demographic, spatial, and institutional structures. Both the economic and 
environmental effects of rural management works are irrefutable [34]. Due to financial and personnel 
limitations, it is necessary to identify the most defective areas in order to eliminate them, which will 
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have a positive contribution to building a full-featured real property cadastre [35–38]. At present, it 
is not possible to carry out consolidation works in large areas simultaneously. Therefore, works are 
carried out to identify areas that must be consolidated first. The authors also propose creating 
urgency rankings of consolidation works to ensure that the most problematic areas are consolidated 
first [31,39–41].  

One proposal is to use the delimitation method or, in other words, clustering areas which share 
similar characteristics. The spatial structure of private land is not a permanent element. 
Transformations and changes that have taken place in that structure are determined by business and 
economic relations and legal and ownership relations [42]. Similarities and differences in the spatial 
structure of land provide the possibility of combining separate territorial units such as counties, 
communes, or villages into larger typological units. The identification of similar areas with regard to 
the adopted objective and level of detail makes it possible to determine the level of differentiation of 
the spatial structure of land [43]. In studies concerning spatial and economic phenomena occurring 
in rural areas, in a larger area, respective villages are grouped into larger typological units. This is 
connected with both the differentiation and similarity of rural areas. The identification of those areas 
which are most similar facilitates the analysis and makes it possible to capture the spatial 
differentiation of land [44]. In the past 20 years, reference literature works [42–45] refer to the 
identification of areas where consolidation works are most urgent and should be a priority.  

In the first two studies [42,43], the applied methods of delimitation were based on identifying 
uniform types and subtypes of mountainous villages followed by the selection of 10% of farms for 
evaluation according to models of development of selected features in the groups of areas. The 
evaluation classified selected types of villages in terms of the urgency of works, and also determined 
the status of defectiveness of the patchwork before consolidation and the outputs of consolidation. 
On the other hand, studies [22,41,45,46] determine the rankings of the urgency of undertaking 
consolidation works in the county without considering the option of evaluating the completed 
rankings in terms of the sequence of consolidation works.  

The identification of areas with similar spatial and economic conditions is a significant 
preliminary element for determining the scope of rural management works. In order to develop the 
hierarchy of the needs for land consolidation and exchange for the analysed area, it is necessary to 
select diagnostic features and then split the space into parts that share adopted features. Informally, 
classification means a systematic division of objects or phenomena into classes, divisions, and sub-
divisions according to a specific principle. In a theoretical approach, classification is a complete 
division of a specific subset into a certain number of separate subsets. The object of classification is 
sets of observations—objects are normally described by multiple measurable (quantitative) and non-
measurable (qualitative) features. The above-mentioned division is based on similarity and the 
resulting subsets are called classes of abstraction, classes of similarity, or uniformity.  

In previous spatial and agricultural works, many region delimitation methods were developed 
[44,45,47–52]. Most often, the methods used for grouping agricultural spaces into regions at the 
macro-scale level are taxonomic methods and scores that allow grouping of areas with similar 
features. Ernst [53] initiated surveys concerning spatial and agricultural issues by means of 
taxonomic methods. Afterwards, taxonomic methods were developed by Fierich and his apprentices 
[54,55]. The first author to have grouped areas for the purposes of rural management works was 
Hopfer [56]. He presented the division into regions and hierarchization of agricultural management 
units with consideration of their readiness for the spatial structure of land to be transformed through 
legal and technical rural management procedures. The areas were grouped into three stages: at a 
macro-, meso- and micro-scale. The selection of features was differentiated and adapted to the level 
of detail of the grouped territorial units [43].  

In connection with the above, the purpose of the article is to develop and present the proposed 
method of delimitation, i.e., grouping of areas according to selected variables that characterise the 
analysed area. The identification of areas in which the features are most similar will facilitate the 
analysis and allow for the spatial differentiation of land to be captured while indicating the areas that 
need to be consolidated at the same time. The analyses covered 41 variables arranged in six thematic 
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groups that describe the analysed area as broadly as possible. Previous delimitation methods used 
other methods of analysis and a smaller number of variables was selected to characterize the analyzed 
area. The variables were not concerning all the important aspects. In this work, the variables were 
subjected to a group reduction so as to obtain significant variables for each group of factors, whereas 
earlier works reduced all the variables at the same time, which is not entirely correct from the point 
of view of statistics. The method presented in this work is an attempt to improve previously 
presented methods. Consolidation works have a direct influence on the sustainable territorial 
development of rural areas, which is also reflected in an improved competitiveness of agriculture. 
The aforementioned issues are the main objectives of the EU’s rural development programme (RDP) 
2014–2020 [57,58].  

In the first stage of research, it is necessary to collect up-to-date and reliable information about 
the research object, which will include as much quantitative data as possible, with the help of which, 
it is possible to characterize the studied area [59]. The selected factors allowed for combining villages 
into groups with similar conditions, which typify areas for land consolidation works. Nowadays in 
Poland, the consolidation works are carried out within the borders of the village. One village is 
subject to the consolidation process. The proposed methodology assumes that groups of villages with 
similar spatial conditions should be consolidated. The consolidation area does not have to or should 
not be limited to one village. Due to the significant percentage of rural areas in Poland that are 
characterized by a faulty spatial structure, larger areas should be consolidated. 

2. Materials and Methods  

Specific surveys were carried out in Eastern Poland in the Lublin Voivodeship, county of Łęczna 
(Figure 1). The overall area of the county is 637 km2 and it is split into 6 communes. The county of 
Łęczna is situated on the border of two different geographical regions: the Lublin Upland and Polesie 
Lubelskie (Western Polesie), and two sub-regions: Łęczna-Włodawa Lakeland and Dorohusk 
Depression. The entire area of the county is situated within the North European Plain, which 
contributes to its plain terrain. Although the landscape is flat and at first glance monotonous, variety 
in the scenery in the county of Łęczna is provided by the River Wieprz. The county of Łęczna is 
characterised by quite a low share of forestland and also, comprises Nature 2000 areas. The high 
number of protected areas is due to, among other factors, rich flora and fauna in this region [60]. 

The research was carried out in this area because it is characterised by good soil productivity, 
differentiated use of land, and a high share of private property in the structure of ownership. A 
characteristic land feature is the ribbon-like plot patchwork. Land fragmentation is visible in this area. 

 
Figure 1. Spatial location of the study area in Poland. 
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The analysis aimed at grouping 116 villages into areas as similar as possible in terms of 41 
adopted variables referring to the structure of ownership and use of land, fragmentation of plots, 
external plot patchwork, access roads to plots, shape of villages, and soil class productivity for 
cropland. In the first stage of the study, information was retrieved from the land and buildings 
register (EGiB), statistical censuses, and surveys. An information matrix consisting of 41 variables 
describing the analysed area was developed for the purposes of analyses (Table 1). 

Table 1. Specification of study variables 
No. Groups of Study Variables Number % 
1. Structure of land ownership 7 17.1 
2. Structure of agricultural land 12 29.3 
3. Productivity of cropland 3 7.3 

4. 
Fragmentation of agricultural real 

property and plots 
8 19.5 

5. Distribution of agricultural real 
property and plots 9 22.0 

6. Plot shape and access parameters 2 4.9 
Total 41 100.0 

According to data in Table 1 and Table 2, these variables represent six groups of issues. The first 
group refers to the structure of land ownership and is represented by 7 variables (x1–x7). The 
variables were calculated based on data from the land and buildings register as a percentage share in 
the overall area of the villages. The second group refers to the structure of land ownership and it is 
described by 12 variables (x8–x19). Additionally, in this group, the variables were calculated based 
on data from the land and buildings register as a percentage share of the overall area of the villages. 
In the third group, variables (x20–x22) refer to the productivity of cropland, meadows, and pastures. 
Data on the surface area for respective classes of land was retrieved from the land and buildings 
register. The productivity index was calculated separately for cropland (Wg), for meadows (Wł), and 
for pastures (Wp). Based on the scores calculated for respective classes and agricultural land, the 
productivity indices were determined for cropland (Wg), meadows (Wł), and pastures (Wp), according 
to the formula [61]: 𝑊 = ∑ (𝑊 ∗ 𝑃 )𝑃  (1) 

where: 
Wg—index for cropland in the village, 
Wpnk—unit size of points of bonitation classes for cropland, 
Pnk—area of bonitation classes of cropland, 
Pg—total area of cropland in the village, 
bonitation classes—in Poland it is the class of land determined within the soil classification of 

grounds on the basis of the official land table, which defines soil quality in terms of its utility value. 
Group four is characterised by 8 variable features (x23–x30) describing the fragmentation of 
agricultural real property and plots. Land fragmentation analysis was carried out for plots owned by 
private owners only. Surveys were carried out in 8 size ranges because the average area of the plot 
does not reflect adequate fragmentation in respective villages. Distribution of agricultural real 
property and plots determines the size of the external patchwork, and variables x31–x39 creates the 
fifth group of variable features. Analyses of these figures for all 116 villages were carried out using 
chequerboard arrays [16]. Variables describing the patchwork were developed based on data from 
the land register by separating information on the number and area of plots and the number of 
owners residing outside the analysed village. The last group comprises variables that determine the 
shape parameters of plots and their accessibility by road. 



Remote Sens. 2019, 11, 1268 6 of 16 

 

 

Table 2. List of variables accepted for the tests that characterize the analysed area. 

No. Groups of Variables 
The Abbreviation for 

the Variable 
The Variable in Full 

1 The structure of land ownership 

x1 % of the area of private land 

x2  
% of land owned by the Agricultural Property Agency of the State 

Treasury 
x3  % of land owned by the State Forests National Forest Holding 
x4 % of land of the State Treasury subject to perpetual usufruct 
x5 % of the area of land owned by communes and their unions 
x6 % of the area of land owned by counties and their unions 
x7 % of the area of land owned by voivodeships 

2 The structure of agricultural land  

x8 % of cropland (in the village) 
x9 % of orchards 
x10 % of meadows 
x11 % of pastures 
x12 % of built-up agricultural land 
x13 % of built-up land 
x14 % of water bodies (still) 
x15 % of forestland 
x16 % of land with tree stands and shrubs 
x17 % of roads 
x18 % of water courses 
x19 % share of wasteland 

3 
The productivity of cropland, 

meadows and pastures 

x20 productivity index for cropland 
x21 productivity index for meadows 
x22 productivity index for pastures 

4 
Fragmentation of agricultural real 

property and plots 

x23 % of the number of plots up to 0.10 ha 
x24 % of 0.11–0.30 ha plots 
x25 % of 0.31–0.60 ha plots 
x26 % of 0.61–0.90 ha plots 
x27 % of 0.91–1.20 ha plots  
x28 % of 1.21–1.50 ha plots 
x29 % of 1.51–1.80 ha plots 
x30 % of the number of plots with the area exceeding 1.81 

5 
Distribution of agricultural real 

property and plots 

x31 
% of plots of local non-resident owners in relation to the number of 

private plots in the village 
x32 average area of a plot of a local non-resident owner 

x33 
% of plots of local non-resident owners in relation to the area of 

private land in the village 

x34 
% of plots of out-of-village non-resident owners in relation to the 

number of private plots in the village 
x35 average area of a plot of an out-of-village non-resident owner 
x36 % of the number of out-of-village non-resident owners from cities 

x37 
% of area of out-of-village non-resident owners in relation to the 

area of private land 

x38 
% of the number of local non-resident owners in relation to the 

number of registered residents of the village 

x39 
% of the number of out-of-village non-resident owners in relation 

to the number of registered residents of the village 

6 
shape parameters of plots and their 

accessibility by road 
x40 ratio of plots without access to roads 
x41 village shape ratio 

A significant spatial element in the land exchange process is village shape. The shape determines 
the spatial distribution of plots in the village that are excessively elongated, unshapely, and have no 
access to a road. The analysed shape ratio for each village was based on the method developed by 
Kostrubiec [1], as the villages in the surveyed county have very differentiated and unshapely limits 
[20]. The presented diagnostic variables have been selected to effectively determine the status of the 
spatial and economic structure of the study area. From the point of view of the contents, the adopted 
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set of diagnostic features satisfactorily takes into account the properties of land that significantly 
characterise its spatial and economic structure. 

This paper makes use of cluster analysis as a data exploration tool. The applied algorithm groups 
objects into larger and larger clusters (sets) using the measure of probability or distance. Villages 
were grouped by means of Ward hierarchical clustering. The calculations were based on the square 
matrix of the Euclidean distance between the analysed objects. Ward’s method is one of the 
agglomerative grouping methods distinguished from other methods by the application of the 
analysis of variance for estimating the distance between clusters. The method aims to minimise the 
total square of deviations for any two clusters that may be formed at any stage. It is deemed the most 
effective hierarchical clustering algorithm [62].  

Information on the delimitation of the study area was visualised using GIS software based on 
digital designs underlain by vectors in *.SHP form. The analyses made use of the ArcGIS programme 
in which geospatial data can be entered, stored, analysed and visualised. A spatial image of identified 
groups of villages was generated by assigning specific values in the table of attributes using the tools 
offered by the programme. 

Taxonomy is a science of the rules for ordering and classifying objects. A practical objective of 
the taxonomic analysis is reducing the high amount of collected information to a few principal 
categories. Numerical taxonomy is a system of statistical procedures for grouping and classifying 
objects based on their numerical characteristics. Taxonomic methods consist of two sub-groups:  

(1). Grouping methods—used for identifying clusters of objects which are similar in terms of 
many of their statistical features. They are split into hierarchical and non-hierarchical ones.  

(2). Ordering methods—used for creating a synthetic ranking of objects in terms of many 
statistical features [63,64].  

A decisive role in the development of applications and theory of taxonomy in social and 
economic surveys can be attributed to works by Hellwig from the 1960s and 1970s. In his works, 
Hellwig pointed to the possibility of applying taxonomic methods of grouping and linear ordering 
to economic issues. His proposed model taxonomy methodology created foundations for the 
development of the discipline referred to as multidimensional comparative analysis (MCA) [58]. 
According to Hellwig, MCA focuses on methods and techniques for comparing multi-feature objects 
[65]. This method is also used in studies concerning spatial and economic phenomena observed in 
rural lands [51]. Surveys regarding differentiation and similarities of social and economic structures 
and other characteristics of processes that occur within them (e.g., concentration) are multi-feature 
analyses in which the analysed phenomenon is described by more than one feature [66]. According 
to the spatial and economic typology of rural areas, one of the major activities is the selection of 
diagnostic features. The selected diagnostic features should meet the following requirements: they 
should be distinguished by a substantially large dispersion of values, poor correlation to other 
predictors, and they should be derived from reliable data [67,68]. 

At the first stage of the analysis, the number of adopted variables was reduced using factor 
analysis or principal component analysis. The reduction was performed separately for the groups of 
variables adopted with regard to their substance. The nature of the variables was also significant as 
it was necessary to consider not only the nature of structural indicators for which not only 
correlations but also their share in the total group of adopted variables matters. The distribution of 
values for all 41 variables was presented using selected descriptive statistics. Calculations for selected 
descriptive statistics included the following: x is the arithmetic mean of the variable, Me is the 
median (middle value), s is the standard deviation, c25 and c75 are the centiles, that is, the figures 
determining the level below (above) which the quarter of the (25%) lowest (highest) measurements 
and the minimum and maximum value are situated.  

The reduction of variables in the group ‘structure of agricultural land’ involved principal 
component analysis to ensure that the variables with a higher percentage share in the village were 
represented more strongly than the variables with a lower percentage share. Factor analysis, based 
only on the coefficients of correlation between variables, would give equal treatment to the factors 
describing the structure of land use. Such a solution would be incorrect, e.g., the percentage of land 
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with tree stands and shrubs might be more correlated to selected factors than the percentage of 
cropland.  

In this paper, delimitation was performed for 116 villages split into 5 groups showing internal 
similarities in terms of adopted variables, but which were also different from one another. Such 
differences between the identified groups of villages were evaluated by means of the Kruskal–Wallis 
test by calculating the significant value of test probability (p). The description of differences between 
the identified groups of villages makes it possible to determine the hierarchy of urgency of the needs 
for land consolidation and exchange. However, it must be stated that the delimitation of the study 
area is crucial since it facilitates analyses and syntheses of larger areas covering a considerable 
number of villages which are similar to one another. Areas in which differences were revealed in the 
existing defectiveness of the spatial structure in identified groups can be compared and subjected to 
a descriptive hierarchy of needs.  

For the purposes of describing the villages included in respective groups for each input variable 
used in factor analysis (and indirectly for the clustering procedure), mean values were determined 
for each of the five groups. The output was interpreted by means of the Kruskal–Wallis test (test 
probability value) used for comparing the distribution of a numerical feature (or at least measured 
on the ordinal scale) over a few groups. This is a so-called non-parametric test, so it does not require 
meeting the restrictive assumptions that occur in parametric tests under the analysis of variance. Low 
values of test probability p indicate that the grouping factor differentiates the average level of the 
numerical feature under consideration. The test was used to evaluate the differentiation between the 
groups with regard to the values of the specific variable.  

In the interpretation of the value of p, the following commonly applicable rules were adopted: 
(1). when p ≥0.05, we consider this to be a lack of grounds for refuting the zero hypothesis, 

which means that the tested difference between the groups is not statistically significant; 
(2). when p <0.05, we consider this to be a statistically significant difference (this fact is marked 

with *); 
(3). p <0.01 is a high significance of differences between groups (**); 
(4). p <0.001 is a very high significance of differences between groups (***). 

3. Results and Discussion 

Using factor analysis and principal component analysis, the number of adopted variables was 
reduced. The analysis of principal components identified two additional principal components of 
variation of the adopted percentage ratios that characterise the use of land (Table 3). The subsequent 
components explain the decreasing variation of input variables. In addition, they are not mutually 
correlated.  

The first principal component contains as much as 70% of the information included in the entire 
set of 12 input variables, and the second one contains 18%. In total, the first two components retain 
nearly 90% of the information contained in the input variables. Thus, by reducing the number of 
input variables by six times, as much as 90% of information they contained was retained. 

Table 3. Principal components for the group of variables describing the structure of agricultural land. 

Subsequent 
Principal 

Component 
Own Value 

Percentage of 
Variation 

Accumulated 
Own Value 

Accumulated 
Percentage of 

Variation 
1 453.4 70.5% 453.4 70.5% 
2 118.6 18.4% 572.0 88.9% 

In order to establish what information best reflects the two selected components, two sets of 
ratios referring to the relationship between principal components with input variables are created 
(Table 4). The percentage input of the respective output variables in the specific factor indicates the 
percentage of variation of the output variables that is included in them, and vice versa. 
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Table 4. Components for variables describing the structure of agricultural land. 

Structure of Agricultural Land (% Share) 
Inputs for the 

Variable 
Correlations of 

Variables 
Factor 1 Factor 2 Factor 1 Factor 2 

cropland 74.1% 4.4% −0.99 −0.12 
orchards 0.1% 0.0% −0.41 −0.07 
meadows 6.3% 34.1% 0.59 0.71 
pastures 0.1% 1.2% 0.14 0.32 

farm buildings 0.1% 0.0% −0.62 −0.06 
buildings 0.0% 0.0% −0.00 −0.01 

still waters 0.3% 0.4% 0.25 0.15 
forestland 18.8% 59.6% 0.73 −0.67 

tree stands and shrubs 0.0% 0.0% 0.18 0.08 
roads 0.0% 0.0% −0.06 0.23 

water courses 0.0% 0.0% 0.22 0.16 
wasteland 0.0% 0.3% 0.18 0.27 

For villages, grouping the structure of land use will be represented by two factors that are 
identified in the above-mentioned analysis. Analogously, analyses were performed for variables 
which describe land ownership structure and land fragmentation. Other groups of variables, i.e., the 
productivity of agricultural land, distribution of agricultural real property and plots, were subject to 
reduction using factor analysis. In this case, the significance of the specific feature does not depend 
on the level of its variation, as was the case in the previously discussed groups of variables. The 
correlation between the latter two variables, i.e., accessibility by road and the village shape ratio, had 
been examined prior to factor analysis. The dispersion chart (Figure 2) presents the value of the linear 
correlation coefficient. Correlation is close to zero (r = −0.15); therefore, the number of variables cannot 
be reduced.  

 
Figure 2. Chart illustrating the dispersion of the linear correlation coefficient between variables. 

With regard to the lack of correlation between variables, it is not possible to identify a factor that 
contains sufficient information in the output ratios. The performance of factor analysis makes no 
sense; therefore, both ratios were included in clustering due to their substantial importance.  

The villages were grouped based on the values obtained using principal component analysis 
and factor analysis. Out of 41 output variables, 13 factors were calculated and used as inputs for 
grouping. Cluster analysis was performed using Ward hierarchical clustering. It makes use of the 
analysis of variance in order to estimate the distances between clusters. All variables were 
standardised by means of a standardisation procedure. The calculations were performed based on 
the square matrix of the Euclidean distance between the analysed objects. The output was presented 
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as a dendrogram. It showed successively combined objects which formed larger and larger clusters. 
According to the chart, it can be determined which villages are similar to a randomly selected village. 
In addition, division into any set number of groups can be made. However, for ease of interpretation, 
it is advisable to propose division into a specific number of groups. To this end, branches of the 
dendrogram must be cut off at a distance between clusters which generates the expected number. 
The number of groups remains an open issue—here, a clustering process chart, as presented below, 
is used most often. It is logical to perform the division at the moment of clustering when a 
considerable leap in the distance between the combined clusters occurs—in other words, until the 
consolidated clusters are similar, we continue consolidating them; otherwise, we divide them into 
the number of clusters generated by the set cut-off level.  

The cutting of the dendrogram resulted in 5 groups of villages with similar spatial conditions. 
The groups were marked with letters to facilitate the allocation of villages to a specific group 
according to the dendrogram; the name of the group is also given in brackets next to each village 
name. In the first place, the ordering of groups A, B, C, D, and E is not related to ‘better’ or ‘worse’ 
characteristics referring to the diagnostic variables—only later will the resulting clusters be described. 
The spatial distribution of the identified groups of villages in the study area performed in the ArcGIS 
software is presented in Figure 3.  

 
Figure 3. Spatial representation of the identified groups. 
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Table 5. Specification of identified groups of villages. 

Group of 
Villages 

Number of Villages Total Area of the Village 
Number % ha % 

A 31 26.7 15646.70 25.3 
B 6 5.2 8196.47 13.3 
C 8 6.9 4958.63 8.0 
D 31 26.7 11726.8 19.0 
E 40 34.5 21208.8 34.4 

In total: 116 100.0 61737.38 100.0 

Based on the dendrogram, 116 villages were clustered into 5 groups. The largest group is group 
E, which consists of 40 villages and corresponds to 34.5% of the total number of villages (Table 5). 
This group also covers the largest area. It covers 21208.8 ha, which accounts for 34.4% of the overall 
study area. The villages included in this group are mainly situated in the central part of the county 
of Łęczna. The other largest groups are groups A and D, consisting of 31 villages each, which 
corresponds to 26.7% of the total number of villages. With regard to the area, group A is definitely 
larger because it covers 15646.70 ha and accounts for 25.3% of the overall area. The smallest groups 
are groups C and B in which, respectively, 8 and 6 villages were included. 

Groups for which the mean of the specific feature exceeded the value of the general mean were 
highlighted in green, whereas those for which the mean was below the general mean were in red (the 
colour intensity depended on the quotient for the specific group and the mean for the entire cluster). 

The identified groups of villages were compared in terms of the groups of variables adopted for 
the needs of the study. The value of test probability p was analysed in detail. The comparison between 
identified groups with regard to the structure of ownership (Table 6) indicated that, apart from the 
share of land owned by counties and voivodeships, statistically significant differences do occur 
between them. Group B is distinguished by a low share of private land, whereas the highest share is 
found in group D. By contrast, group B has the highest percentage of forests; their share is also high 
in group C. 

Table 6. Mean and test probability p values for the group of variables concerning the structure of 
ownership. 

Percentage of Area According to 
Ownership 

Group P 
A B C D E 

Private land 85.1 48.0 72.2 94.8 85.3 0.0000*** 
Land of the Agricultural Property 

Agency of the State Treasury 
3.9 1.9 2.1 0.4 4.3 0.0000*** 

State Forests National Forest Holding 1.8 45.5 10.5 0.6 1.7 0.0000*** 
Land of the State Treasury under 

perpetual usufruct 0.2 0.1 2.8 0.4 1.5 0.0030** 

Land owned by communes and their 
unions 

2.1 1.1 3.7 1.3 2.0 0.0052** 

Land owned by counties and their 
unions 

0.6 0.7 0.6 0.8 0.7 0.9623 

Land owned by voivodeships 0.1 0.0 0.2 0.3 0.2 0.4799 

The table presents mean values for each variable referring to the structure of ownership in 
respective groups of villages. The group mean values for respective types of ownership of land clearly 
verify the specific features of the identified groups of villages. Group B is distinguished by a low 
share of private land, whereas the highest is found in group D. By contrast, group B has the highest 
percentage of forests; their share is also high in group C. Other groups have a relatively low 
percentage of forests. The area of land owned by the State Forests National Forest Holding is also 
different among the identified groups. The highest share was noted in group E, with the lowest in 
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group D. Other statistically significant variables are variables which differentiate the groups of 
villages in terms of the area of land owned by the State Treasury under perpetual usufruct, which are 
highest in group C, as well as land owned by communes, the largest share of which also belongs to 
this group. 

The description of legal and ownership relations to land testifies that the private sector has the 
predominant share and accounts for 80.3% of the area in the identified groups of villages. Only in 
group B does the share of private land account for 52.9% of the area. However, this group has a 
relatively high share of land owned by the State Forests National Forest Holding, that is, 40.7%. 

The same analyses were carried out for all groups of variables. The identified groups of villages 
were compared in terms of the structure of ownership, use, land fragmentation and distribution, as 
well as the productivity of cropland. Summing up the statistical differences between respective 
changes, the 5 groups of villages are different from one another. At the same time, it must be stated 
that villages in the specific group share many common characteristics, which means that the 
identified area is uniform. 

According to the accepted features of the object of the experiment according to 6 groups of 
variables, it can be concluded from the analysis that in separated groups of villages, statistical 
differences between variables confirm the diversity of these groups. In addition, it should be noted 
that, due to the accepted diagnostic features, villages with a similar spatial structure of land are 
grouped together. There are studies in the literature that, based on factors, allow for the prioritization 
of consolidation work [39,41]. However, the proposal to combine villages into larger objects for 
consolidation is more appropriate due to personnel and financial constraints. It is not possible to 
merge into a large area with many defects at the same time. Therefore, it is appropriate that villages 
should be joined into larger typological units and grouped together. As proposed in this work, the 
next step may be to develop the hierarchy (order) of consolidation based on existing algorithms 
[39,41]. Land consolidation works are so difficult that it is easier to merge villages which are similar 
to one another at the same time due to the structure of agricultural land, distribution of agricultural 
real property plots, or plot shape and access parameters. A crucial element that can be determined 
by the land consolidation process are variables from group 5 (Table 1), the distribution of agricultural 
real property and plots determines the size of the external patchwork, variables x31–x39, and creates 
the fifth group of variable features. Analyses of these figures were carried out for all 116 villages 
using chequerboard arrays [19]. Variables describing the patchwork were found for the most-
developed villages in the world. The phenomenon of land fragmentation is closely related to the 
phenomenon of land scattering; therefore it should be considered during consolidation works.  

The analyses of the collected data lead to the conclusion that the area of łęczyński district could 
be consolidated into separate groups of villages in research. The presented methodology could be the 
basis for the development of rural development programs. On the basis of separate types of villages, 
it is possible to determine the order of carrying out works to transform the spatial structure of a 
village. After dividing the area into groups, an evaluation of the separate groups should be carried 
out in order to determine the urgency of land consolidation. In earlier works [47], dividing 
homogeneous areas in terms of the hierarchization of the urgency of consolidation, there was the 
issue of separating areas that were similar due to the spatial structure of village land. The dendrite 
method was used and its division was not sufficiently precise; however, it should be emphasized that 
at present, a superior solution does not exist. 

4. Conclusions 

Comprehensive land consolidation and exchange works, as processes of transforming a 
defective spatial structure of fragmented private agricultural land, are complicated. This 
complication is not due to legal and technical conditions but also individual, general, social, and 
ecological conditions. Apart from the specified problems related to the consolidation and exchange 
of land, in rural areas, there are large territories that require such operations. In connection with this 
fact, such areas cannot be subject to land consolidation and exchange at the same time for reasons 
related to finance and human resources. Defectiveness of the spatial structure of private land is 
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characterised by different degrees. The observed diversity of the spatial structure of land in villages 
provides the possibility of delimiting them into groups which share similar degrees of defects, 
thereby facilitating analysis and capturing the spatial differentiation of land. 

In the paper, the delimitation of the study area was performed by means of Ward hierarchical 
clustering, in which 5 groups of quite similar villages were identified. The calculations were based 
on the square matrix of the Euclidean distance between the analysed objects. The delimitation 
allowed for similar groups of villages with different degrees of defective spatial structures of land to 
be identified. The identified groups of villages with similar features regarding the spatial structure 
of land do not prioritise the needs for consolidation of such areas but they allow similar areas where 
consolidation should take place simultaneously to be identified. Due to limited human and financial 
resources, it is advisable that the urgency for land consolidation and exchange works should be 
prioritised. Considering the degree of defectiveness within the study area, it is proposed that 
consolidation should be performed for more than one village in a larger commune, that is, according 
to the identified groups. 

The conducted research has shown that it is possible to characterise the village through a number 
of selected features that describe the analysed area. Due to the fact that the features convey a very 
large amount of information, it was necessary to reduce them using statistical methods. The features 
selected for analysis comprehensively characterize the area of research but can also be used for other 
areas. It is possible to expand the set of features to better describe the area being explored. 

Analyses using clustering methods demonstrated that the proposed method of delimitation of 
the spatial structure of villages for the purpose of land consolidation and exchange works under the 
sustainable development of rural areas is viable and can be applied to other areas. It is significant 
that the selection of diagnostic variables should ensure that the analysed area was correctly described. 
The use of the proposed solution makes it possible to identify mutually similar areas where 
consolidation works should take place at the same time. Although delimitation itself does not indicate 
the required sequence of consolidation and exchange of land, an adequate hierarchy of such works 
can also be developed on the basis of correctly selected guidelines. 

However, it should be remembered that the main limitation of this method is the very large 
amount of data needed to develop the selected variables. The grouping process cannot be fully 
automated. Scholars’ duty to analyse variables still remains. It is necessary to check whether the 
selected variables will occur in the analysed area. However, the advantage is that the statistical 
methods used for analysis will determine whether a given variable is significant for the studied area. 

It is also important that the land consolidation approach, as described in this article, is specific 
to countries that are strictly centrally planned, for example, former communist countries in Eastern 
Europe. The proposed approach cannot take place in market-oriented countries, if not on a voluntary 
basis, for instance, then under a compensation scheme. 
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