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Summary

The aim of the research was to determine the needs with regard to land consolidation works and
land exchange in the villages of the Haczéw municipality. The analysis of the spatial structure
was based on the calculated factors, and the following paper follows the applied statistical meth-
od to determine the necessary sequence of works in the studied area. It includes seven cadastral
districts of the Haczow municipality, i.e. Jablonica Polska, Wzdéw, Jasionow, Bukéw, Haczow,
Malinéwka and Trzesniéw, located in the Brzozéw district, in the Podkarpackie Voivodeship.
The study had to take into account the structure of land ownership, land use, fragmentation
of cadastral plots, and plots with no direct access to a public road. It also includes the calculation of
the productivity index of arable land and grassland, as well as specific sizes of the occurrence
of the external chessboard of land, i.e. differentials of local and nonlocal land. The analyses al-
lowed us to determine, first, the factors characterising individual localities, and then to present
the hierarchy of consolidation works and land exchange in the form of a ranking. The study ap-
plies the common method of zero unitarisation. This method consists in normalising diagnostic
variables using feature range control. The obtained measures are included in the range [0.1]. The
results represent the average optimal value of the measures obtained by each of the individual
objects. The position in the ranking of urgency of the land consolidation works and land ex-
change depends on the size of the synthetic measure obtained. The analysis was based on data
obtained from the Land and Building Register of the District Office in Brzozow.
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1. Introduction

Rural areas cover 85.0% of Poland’s total area, with agricultural land constituting 52.0%
of the country’s area. As a branch of the national economy, agriculture consequentially
performs economic (providing employment, contributing to national income, supply-
ing feedstock to trade), social (ensuring necessaries, supplying food), spatial (shaping
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the natural landscape, introducing changes to the natural environment) functions. The
development of agriculture is influenced by two groups of factors: natural (climate,
terrain, soils, hydrological conditions, slope) and non-natural (socio-economic devel-
opment, agricultural development, agrarian structure, labour resources, state agricul-
tural policy, and international market situation).

One of the tasks of the broader agricultural policy includes land consolidation as
a tool to improve the functioning of agricultural holdings and establish a full rural
development system [Sayilan 2014]. The main objective of land consolidation and land
exchange is to create more favourable farming conditions in agriculture and forestry. It
improves the quality of farms and forests, rationalises the distribution of plots within
a farm, allows adjusting the boundaries of a property to the system of water drain-
age devices, roads, and terrain sculptures, and organises the networks of agricultural
transport roads by designing and delineating a favourable network of access roads to
agricultural and forest land as well as to farm buildings [Ustawa 1982].

Selecting agricultural areas subject to the procedure of land consolidation and
exchange is a difficult and laborious task [Janus and Markuszewska 2017]. This process
should be conducted rationally and cautiously, and its effect should bring benefits to
the agricultural economy in the studied country [Zhang et al. 2014].

Selecting the areas for land consolidation works is based on analyses that concern,
among others, the fragmentation of land as a factor limiting production capacity
[Harasimowicz et al. 2017], which in turn may lead to abandoning production and,
over time, to land degradation [van der Zanden et al. 2017]. Fragmentation is a prob-
lem faced by many countries in Europe: Cyprus [Demetriou et al. 2013], Turkey [Cay
et al. 2010], Bulgaria [Di Falco et al. 2010], Spain [Gonzalez 2004], Czech Republic
[Sklenicka et al. 2014], Poland [Noga 2001, Janus et al. 2017, Wojcik-Len et al. 2020,
Strek et al. 2021, Wojcik-Len and Len 2021a, Wéjcik-Len and Len 2021b, Wojcik-Len
2022, Wojcik-Len et al. 2022], or Slovakia [Gasincova et al. 2018, Hudecova and Kysel
2019, 2020]; as well as beyond Europe, among others: Mexico [Bentley 1987], India
[Manjunatha 2013] or China [Guo et al. 2015].

In addition to the analysis of land fragmentation, important factors indicating the
priority of the implementation of land consolidation works include the dispersion of
land of individual farms, the assessment of parameters describing the spatial structure
of the land and their impact on agricultural use [Len 2018], and the analysis of the
accessibility of plots to agricultural transport roads. The scope of research also includes
the possibilities for a synthetic indicator for the assessment of the shape of plots [Janus
et al. 2017] and analyses based on statistics of selected geometric features of cadastral
plots [Kwinta and Gniadek 2017].

The history of land consolidation and exchange in Poland begins at the end of the
18" century. After becoming an independent country in 1918, following a long period
of the Partitions, Poland required significant structural transformations due to with
different economic development levels of rural areas. At the beginning of the 21st
century, in preparation for Poland’s accession to the European Union, the process of
land consolidation was expanded. Its effects are related mainly to:
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o modernisation of agricultural transport routes,
o arranging the area to enable the inclusion of newly subdivided properties,

» modernisation of the system of drainage ditches, culverts, road signs, and other
devices [Woch 2012].

After Poland acceded to the European Union, the concept of land consolidation and
the results of related procedures became subject to more stringent requirements. This
meant subjecting to analysis the existing legal provisions on land consolidation and
exchange in Poland so that they met current social demands (e.g. in terms of main-
taining a balance in the use of the countryside’s natural resources and the possibility
of developing tourist and linear infrastructure). In result of this process a reform was
enforced, which led to the improvement of road infrastructure and the promotion of
social changes and amendments [Dobrowolski et al. 2009].

The research aimed to determine what needs to be done to conduct land consolida-
tion works and land exchange in the villages of the Haczéw municipality. An analysis of
the spatial structure was based on the calculated factors; the zero unitarisation method
was also applied to determine the order of works to be carried out in the studied area.
This area covers seven cadastral districts of the Haczow municipality located in the
Brzozoéw district, in the Podkarpackie Voivodeship. To carry out the study, the struc-
ture of ownership, use, fragmentation, and plots with no road access were taken into
account, and the productivity index of arable land and grassland, and the extent of the
occurrence of external land checkerboard were calculated. The research employed the
data from the Land and Building Register of the District Starosty in Brzozdw.

Europe

Commune Haczéw

Source: Authors’ own study

Fig. 1. Location of the studied area
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Material and methods

To create a ranking of urgency of land consolidation works and land exchange for each
of the seven villages belonging to the Haczéw municipality, it was necessary to deter-
mine the factors characterising the studied areas [Szarow 2022]. The ranking includes
29 factors assigned to individual groups:

General Information:

X
X
X3
Xy
X5
X6

— the total area of a village (in hectares),

- total number of plots,

- population,

- population per 1 km?,

- number of residents per 100 hectares of agricultural land,

— the percentage of the number of plots in the individual sector.

Ownership structure:

X7
Xg
Xq

X10

— the percentage of individual farms land,

— the percentage of municipal land,

- the percentage of land of the Agricultural Property Agency, the State Treasury,
- percentage share of State Forests.

Usage structure:

x,, — the percentage of arable land,

x,, — the percentage of orchards,

x,; — the percentage of meadows,

x,, — the percentage of pastures,

x5 — the percentage of agricultural construction land,

x,, — the percentage of transport areas,

x,, — the percentage of forests.

Soil productivity:

X,3 — production value index of grassland,

X, — production value index of arable land.

Dispersion:

x,, — the percentage of chequerboard plots belonging to landowners from outside of
the district in the total number of plots,

x,, — the percentage of the chequerboard plots belonging to landowners from outside
of the district in total land area,

X,, — the percentage of chequerboard landowners from outside of the district in the
total number of landowners,

X,, — the percentage of chequerboard plots belonging to landowners within the district

in the total number of plots,
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x,, — the percentage of the chequerboard plots belonging to landowners within the dis-
trict in total land area,

X,s — the percentage of chequerboard landowners within the district in the total num-
ber of landowners,

Plots without road access:

x,, — the percentage of the number of plots without access to a public road,
x,, — the percentage of plot area without access to a public road.

Land fragmentation:

X,, — fragmentation index,
X,, — an average area of plots in the individual sector.

These factors allowed to accurately determine the order and urgency of land consol-
idation works and land exchange for each village in the Haczéw municipality.

Determining the ranking of objects by defining their features is one of the basic
tasks of statistical analysis. In this case, a multivariate analysis was used to classify
objects due to a set of assumed characteristics. Diagnostic variables that describe
a complex phenomenon through the norming and standardisation methods contain
similar values, and have no titre. The examination of the range of incidence and aggre-
gation of features provided with synthetic indicators that characterise each of the stud-
ied villages. The obtained synthetic features of individual villages are the basis for the
elaboration of a ranking, which is supposed to classify them from the lowest synthetic
value to the highest. To create a ranking for the studied area, the zero unitarisation
method was applied.

This zero unitarisation method consists in norming the diagnostic variables through
a feature range control. Diagnostic variables include [Kukuta 2012]:

o stimulants — an increase in the value of a variable leads to higher evaluation of the
feature of the studied object. Normed variables are calculated on the basis of the
equation:

(x - xmin)

(x

7 =

max min )

o destimulants — an increase in the value of the variable leads to lower evaluation of
the feature of the studied object. Normed variables are calculated according to the
equation:

o nominators — variables receiving the highest rating (optimum) only for a certain
value or range of values. The evaluation of the phenomenon decreases with moving
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away from the optimum. Normed variables are calculated according to the follow-
ing equation:

(x—x_)
7 =—-"0" da x< Xopt
(Kgp —
opt min
(r = %)
Z= i, dla x> x
(x
opt max
where:
Z - normed variable,
x - variable before norming,
X, — the maximum value of a variable in a given set,
X, — the minimum value of a variable in a given set,
X,, — the optimum value of a variable in a given set,

The first stage involves norming the diagnostic features of an analysed area and
delivering a joint multi-criteria assessment for each tested object. The aggregation
results in a complete assessment of individual objects.

To obtain a synthetic measure, the average values of the sets representing individual
features should be calculated from the following equation:

The obtained measures are within the range [0.1]. The results represent the average
optimal value of the measures obtained by each object. The position in the ranking of
urgency of land consolidation works and land exchange depends on the value of the
synthetic measure obtained [Len and Mika 2016].

3. Results

When determining the order of land consolidation works and land exchange, the first
stage is to analyse the distribution characteristics of individual variables expressed by
descriptive statistics. Each variable is assigned a titre of stimulants or destimulants.
Table 1 presents selected factors containing 25 features as stimulants and 4 as destimu-
lants.
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Before developing a synthetic ranking, there should be an initial selection of the
magnitude of diagnostic features. The analysis adopts criteria that have nothing to do
with the inclusion of variables with a low level of variation. Only the value of the V
coeflicient of variation above 20% is taken into account.

The preliminary analysis of the examined factors showed that seven initial values do
not meet any criterion. However, these factors were included in the preparation of the
ranking due to their significant value in the conducted analysis.

This examination delivered the synthetic measure values for the created ranking
of urgency of land consolidation works and land exchange. The magnitude of the
obtained synthetic measure allows determining the order in which these works should
be carried out. The higher the rate, the greater the degree of urgency assigned to a given
village. Table 2 presents the ranking of villages based on the calculated synthetic meas-
ure. A spatial image of the urgency of land consolidation and exchange in the Haczéw
municipality is presented in Figure 2.

Table 2. The ranking of villages based on the calculated synthetic measure

No. Synthetic Rank
measure
1 0.60 Bukow
2 0.50 Trzesniow
3 0.49 Jasionow
4 0.46 Haczow
5 0.40 Wzdow
6 0.28 Jablonica Polska
7 0.23 Malinéwka

Source: Authors’ own study

The application of the zero unitarisation method allowed for the preparation of the
ranking, which in turn determined the urgency of land consolidation and exchange
works. The analysis identified the greatest urgency of land consolidation works in the
village of Bukéw. In administrative terms, it is a village with the smallest cadastral
area, but at the same time with the largest fragmentation and dispersion of land of
individual farms. The village has the highest production value index of grassland and
a high production index of arable land, which confirms its agricultural nature. The least
need for land consolidation works was identified in the village of Jablonica Polska. It
is a village with a relatively large area of cadastral plots, small dispersion, and average
quality of arable land and grassland.

The analysis showed that the order of the land consolidation and exchange works in
individual villages belonging to the Haczow municipality can be determined based on
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the obtained results. The results used in the calculation of rankings are highly relevant
for the analysed area, which is characterised by a defective spatial structure. A spatial
image of the location of the studied villages is illustrated in Figure 2.

Jabtonica
Polska

Malinéwka

Source: Authors’ own study

Fig. 2. Ranking of urgency of land consolidation and exchange works with the use of the zero
unitarisation method

4. Conclusions

To carry out land consolidation and exchange works it is necessary to identify the
degree of urgency. The urgency of these works is determined based on a spatial analy-
sis, which consists of research on the following issues: ownership, use, fragmentation,
and road network. It is not possible to proceed with the restoration of area structure
at the same time in all precincts, therefore the order of urgency of the works is deter-
mined in advance. After applying the methods of multidimensional statistics, a ranking
can be created, which determines the order of land consolidation and exchange works.

The structure of ownership in the analysed municipality is evidently dominated
by land belonging to natural persons. They cover an area of 5633.37 ha, which consti-
tutes 78.60% of the municipality’s total area. The conducted analysis showed that the
use structure is dominated by arable land, covering over 52.35% of the municipality’s
total area, which translates into 3752.16 ha. In addition, a productivity index has been
calculated for grassland and arable land. For grassland, the indicator reaches the lowest
value in the village of Malinéwka (40), while the highest is in the villages of Bukéw and
Wzdéw (60). The lowest production value index for arable land occurs in Malinéwka
(52), and the highest in the village of Wzdéw (71). The analysis of land fragmentation
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found the highest land fragmentation of individual farms in the village of Haczow,
where this indicator reached 4.68. The fragmentation indicator for individual villages
varies and its average value is 4.05. The average area of a plot in the individual sector
reaches 0.32 ha. Based on the analysis of the road network, it can be concluded that in
the villages comprising the Haczéw municipality, the percentage of plots without road
access is 46.13%. In terms of area, 39.29% of the total area of the municipality has no
road access. There is a certain percentage of chequerboard plots belonging to local and
nonlocal landowners. A small number of plots remained in the possession of natural
persons living outside of the municipality, however, this fact may adversely affect land
consolidation and exchange works.

The use of the zero unitarisation method allowed for the creation of a ranking
of urgency of land consolidation and exchange works. Studies have shown that the
spatial structure in the Haczow municipality needs to be improved. It is therefore
necessary to carry out the process of land consolidation and land exchange. Due
to the large financial outlay involved in land consolidation works, it is not possible
to proceed simultaneously throughout the municipality. The created ranking is an
optimal way to determine the urgency of land consolidation and exchange works for
individual areas.
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