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Abstract: The objective of this study is to present the approach to assess needs of land consolidation
to prepare rural areas for proper water resource management. The study presented links of water
management with land consolidation, which is a new approach in rural development planning in
Central Europe. The results of this research are presented in the form of a needs assessment matrix
for water retention. The matrix includes the main groups of parameters that are related to water
resource management systems and rural development planning, which are classified into three
groups: (1) water resources and retention, (2) technical systems and water management measures,
and (3) information about land space distribution in rural areas. A verification of the proposed
matrix was carried out for two sites that differ in terms of factors influencing the retention size;
one is located in southern Poland in Lower Silesia—in the village of Mokrzeszów—and the other
is located in Strzelce Wielkie—a village located in Lesser Poland. Both sites were evaluated using
different needs assessment methods in terms of retention. The main factors influencing a reduced
retention potential are related to the insufficient retention capacity of river channels and valleys
and the inadequate maintenance of melioration systems. In Strzelce Wielkie, the land consolidation
favours longer catchment response on rainfall, which is an advantage to mitigating drought and
flood problems. The developed matrix can be applied for an assessment of the retention potential
of rural areas based on the relatively accessible data. The method is universal and can be used in
different regions. The approach presents practical tools dedicated to authorities to deciding on land
consolidation in regards to water resources management; it aims at resolving agricultural land use
conflicts and sustainably using space in order to manage water domains.

Keywords: land consolidation; water resource management; rural development

1. Introduction

Rural development planning as a part of land consolidation can have benefits, not
only for the development of agriculture in rural areas, but also as a critical—although
often underutilised—tool for developing land for facilities related to the management of
water resources. Land consolidation allows these facilities to be developed in balance
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with other needs with respect to rural spaces, including agriculture, nature, and landscape
conservation [1], where land use types and their associated intensities are often associated
with pressures and disruptions to the natural values and ecosystem services provided by
water [2]. One of the key objectives of land consolidation in rural areas is to eliminate
the excessive fragmentation of agricultural land [3]. Land fragmentation leads to lower
agricultural productivity via increased production costs [4], decreased agricultural land val-
ues [5], and higher agricultural labour intensity, which further strains labour resources for
other industries [6]. A paucity of properly standardized approaches for land management
in rural areas can increase risk and decrease quality with respect to the environment [7].
Moreover, Di Falco et al. [8] and Ntihinyurwa et al. [9] emphasised numerous benefits
of land fragmentation, such as the following: allowing the exploitation of land plots of
different quality, which increases crop diversification; expanding labour requirements;
reducing production and pricing risks; and better matching soil types with essential crops,
which can not only help keep up food security levels at household, but also increase rural
resilience to climate change [9]. Furthermore, agrarian fragmentation is part of a heritage
of Europe’s cultural landscapes and is related to its biodiversity, often resulting from the
heterogeneous spatial structure of agricultural lands [10,11]. Land consolidation is one of
the most effective ways to quickly correct economically unfavourable agrarian fragmenta-
tion [12], taking into account the objectives of sectoral plans that support decision making
in water resource management.

The practice of land consolidation should have an ever-increasing impact on the
development of rural areas. Land consolidation enables the fulfilment of a number of
non-agricultural objectives, including important public tasks in the field of environmental
protection and landscape formation and counteracts climate change in the water sphere.
Under land consolidation, it is possible to procure necessary lands without having to resort
to expropriation procedures. This can have a huge impact on the development of rural
areas in terms of improving the quality of environment, life, and safety, which are of great
importance for both residents and public institutions [13].

Kowalewski [14] emphasised that land consolidation should not be treated solely as a
procedure for improving the spatial structure of farmlands; it could also be used as a tool
for improving water management in rural areas.

With rational activities, sustainable development, and spatial planning, it is possible to
reduce the surface runoff from a catchment area in order to increase its retention potential
and to decrease the risk of floods or drought damage. It involves the temporary retention
of water in the environment in various forms, including rainwater, snow, and ice, as
well as groundwater. In many cases, retention not only results in a significant reduction
in the velocity of water flowing over the land surface—that is, surface runoff—but also
in a reduction in the velocity of water flowing along a river, stream, or creek channel.
This results in decelerations in the water cycle in the environment [15]. Non-technical
methods for improving catchment retention—mainly an appropriate spatial structure of a
given agricultural microcatchment—have other environmental benefits, such as reduced
soil erosion and improved biodiversity and landscape aesthetics, while contributing to
improved water quality [16].

In the context of countries with long traditions of running modern consolidation
works, such as Switzerland or the Federal Republic of Germany, using these works to
support activities related to the proper formation of water resources in rural areas has been
implemented for a number of years [17].

Among the main technical flood protection measures implemented in the context
of land consolidation are dykes, flood banks, and polders, as well as the regulation of
watercourses, holding reservoirs, and damming structures. A common aspect of all tech-
nical flood protection measures is that the choice of their location depends on specific
topographical constraints and spatial requirements. Land consolidation can often facilitate
their respective completion because their planned location competes with the conservation
of nature and agricultural objectives, and their implementation—as mentioned earlier—is
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usually not possible without the extensive reorganisation of the ownership structure via
land purchase or exchange [1,13].

Land consolidation enables a systemic design—one that is linked to hydrological and
land melioration systems facilities for water retention and lag of the runoff. [1,18]. The land
consolidation along river course plays also role of prevent to decrease water quality by
buffering zones.

Without the use of land consolidation, it is difficult to reconcile public and private
interests, which results in cases, known in Poland, as ‘the carving up’ of necessary land
plots by means of expropriation with negative economic, ecological, and landscape effects,
an example of which is the acquisition of land for road investments. Another aspect that
results from land consolidation is the possibility to regulate the future use of agricultural
land following consolidation, adapted to the land’s retention function. This is particularly
useful in the area of damming, where land is flooded temporarily, and agricultural use is
still desirable and possible. In this way, conflicts of land use with regards to agriculture can
be resolved by land consolidation.

The type of land use is important in terms of impacting flood or drought risks. With
land consolidation, it is possible to design agricultural land use in such a way as to min-
imise surface runoffs—in consultation with field owners and users. In addition, irrigation
system improvements and the optimal allocation of water resources are conducive to
conflict mitigation [19]. As described by Phan et al. [20], understanding the dynamic inter-
actions and feedback mechanisms among interrelated hydrological, social, economic, and
environmental factors is crucial for strategic planning and water resources management.

Land consolidation helps with the planning and construction of land melioration
facilities, as these investments are carried out in a more structured manner. The melioration
measures, which are frequently neglected in Europe, as of recently, are an important compo-
nent of a broadly interpreted agricultural water management operation and include water
balance over larger areas, water distribution in catchments and on sites, the regulation
of soil moisture and the adaptation of land to the technological requirements of modern
agriculture [21]. Poland is located in a transitional temperate zone and is characterised by
an unstable water balance, which means that there are periods with either water surplus
or deficits in the same area [22]. For these reasons, one of the fundamental objectives of
melioration is to regulate water cycles in the soil and catchment. Inappropriate land use
planning can lead to many social, economic, and environmental conflicts. To identify and
quantify land use conflicts, the following advanced methods have been developed: partici-
patory research [23], game theory [24], landscape ecological risk assessment [25], landscape
hydric potential assessment [26], and the multi-criteria evaluation (MCE) model [27].

A central, novel aspect of this paper is a presentation of an approach for the assess-
ment of water retention risks and needs in rural areas. The work presents links of water
management with land consolidation as a new approach in rural development planning in
Central Europe. The aim of the article is to describe the matrix of needs of water retention
in rural areas. This is performed to assist making the most optimised decisions related
to water resource management in a framework of land consolidation. The matrix could
be an excellent tool for governments and institutions aiming to prepare space for adverse
effects of climate change in the water domain and to help prevent and reduce land use
conflicts and to enhance sustainable practices. The matrix should be applied at the stage of
implementing preparations for land consolidation works, as it is a stage for developing
assumptions for land consolidation projects in many rural regions because assessing the
sets of parameters is quite simple and easy.

2. Methods

To achieve the aim of the study, it was decided that the matrix should include pa-
rameters that are related to water and land management systems in the context of land
consolidation. It was assumed that for the purpose of widespread use, these parameters
should be easily calculated and be user-friendly to those who are not specialists in hy-
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drology, water management, or land melioration systems, but who are specialists in land
consolidation. The parameters to prepare the matrix are calculated based on free access
data and field investigations.

The parameters presented in Table 1 have been divided into the following three groups,
and they will be discussed in the following subsections:

• Water resources and retention (A–C);
• Technical systems and measures for water management (D–G);
• Aspects of spatial planning in the framework of land consolidation (H–J).

The markings ¶–¹ in Table 1 indicate the adopted rating of a given parameter.

Table 1. Parameters adopted for the analysis of land consolidation in relation to water management
needs (own study).

Parameter Ranges Adopted for Testing

A. Curve number (CN)
¶ >81

· 51–80
¸ <50

B. Climatic Water Balance (CWB)

¶ <−150 mm
· −150–0 mm
¸ 0–150 mm
¹ >150 mm

C. Mean slope (S)

¶ >25%
· 17–25%
¸ 10–17%
¹ 0–10%

D. Melioration facilities

¶ none
· irrigation only
¸ drainage only

¹ irrigation−drainage

E. Maintenance status of meliorative systems
¶ poor

· acceptable
¸ good

F. Channel retention/meandering

¶ none
· low

¸ average
¹ high

G. Valley water retention
¶ narrow floodplains
· wide floodplains

¸ unrestricted (no embankment)

H. Type of land-cover by build-up
¶ industrial (commercial)

· continuous
¸ discontinuous

I. Buffer zones

¶ none
· insignificant

¸ satisfactory rate
¹ large numbers

J. Layout of land plots
¶ many, small, and irregular

· few and with regular shapes
¸ average number of plots

2.1. Water Resources and Retention

The first group of parameters concerns water resources and retention and includes
the following:

• Curve number (CN);
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• Climatic water balance (CWB);
• Mean slope (S).

These parameters are strongly related to water retention and water resources in
the catchment area and play an important role in assessing the needs for rational water
management, especially in the event of climate change.

CN is a basic parameter used to calculate direct runoff using the ‘Soil Conservation
Service–Curve Number’ (SCS-CN) method, which is used widely by the National Resources
Conservation Service (NRCS) for calculating the amount of surface runoff for a given rainfall
from small watersheds in the United States [28–30]. The ability to produce runoff generally
depends on this parameter. The CN values are derived from tables based on the hydrologic
soil group (function of the soil type, land-cover, and land use), as well as the antecedent
moisture condition (AMC) [31]. CN can reflect the ability of a catchment to create direct
runoff from a storm event and has a range from 0 to 100, but the practical range is 25–98 (a
higher CN means less retention and, therefore, a greater risk of producing high flows). CN
is divided into three classes:

• A.¶: >81—very small retention;
• A.·: 51–80—median potential retention;
• A.¸: up to 50—high potential retention.

The necessary data to assess the CN are land covers based on Corine Land Cover
database and soil texture. Both bases are commonly accessible and are accessible for free.
The second parameter—CWB—is one of the most commonly used indicators for assessing
the intensity of meteorological drought [32,33]. CWB is calculated as the difference between
annual precipitation and annual potential evapotranspiration. Meteorological drought
is defined as a prolonged lack of precipitation (or below-normal precipitation) that is
made worse by high temperatures, resulting in high evapotranspiration rates [34]. This
parameter is also strong linked with agricultural drought because it includes evaporation
losses from soil. During a deficit of precipitation, when potential evaporation (PET) is
higher than sum of precipitation in particular period, the soil moisture deficit increases
and, thus, plants do not have sufficient water for growth. Based on this definition, it was
assumed that CWB could be a good descriptor of meteorological and agricultural drought.
Under Polish conditions, CWB can easily be estimated from maps for each region and
period (http://www.susza.iung.pulawy.pl/kbw/2020,14/, accessed on 25 April 2021).
This indicator can also be calculated for different climate change scenarios. Based on the
drought risk prevention plan for Poland [35], CWB has been divided into four categories:

• B.¶: CWB ≤ −150 mm—very strong risk of drought;
• B.·: −150 mm < CWB ≤ 0 mm—strong risk of drought;
• B.¸: 0 mm < CWB ≤ 150 mm—medium or small risk of drought;
• B.¹: CWB ≥ 150 mm—a lack of risk of drought.

CBW values have some uncertainties that are linked with errors in precipitation
measures, but the most important uncertainty is caused by PET calculation. In this method,
PET is assessed indirectly based on air temperature and insolation.

Another parameter is S, which is one of the most important geomorphological factors
affecting the intensity of infiltration and retention of precipitation. In general, it can be said
that the infiltration intensity decreases with an increasing slope gradient and increased
surface runoff [36]. To define the slope’s inclination, the ‘Digital Elevation Model’ (DEM)
has been used. The DEM can be assessed based on LIDAR (Light Detection and Ranging).
In the matrix, the ‘S’ parameter is divided into four categories based on slope ranges, and
these categories are used in Poland to determine the suitability of space for agricultural
production [37]:

• C.¶: >25%—precipitous terrains, steep, and very steep;
• C.·: 17%–25%—heavily sloped terrains;
• C.¸: 10%–17%—moderately sloped terrains;
• C.¹: 0%–10%—level and slightly sloped terrains.

http://www.susza.iung.pulawy.pl/kbw/2020,14/
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2.2. Technical Systems and Measures for Water Management

The second group of parameters adopted for this study include the following technical
systems and activities related to water management:

• D. Melioration facilities;
• E. Maintenance status of meliorative systems;
• F. Channel retention/meandering;
• G. Valley water retention.

Melioration facilities represent a basic technical system that determine the outflow
of water from agricultural spaces that are connected with natural watercourses and water
reservoirs. A network of drainage ditches, water reservoirs, and other structures should be
a critical element when developing assumptions for land consolidation projects. Moreover,
melioration changes the value of agricultural land. While melioration systems act as
important elements of water retention, they can also be used for irrigation functions [16].

In the matrix, melioration facilities have been divided into the following classes:

• D.¶: None;
• D.·: Irrigation only;
• D.¸: Drainage only;
• D.¹: Irrigation–drainage.

For the parameter related to the maintenance status of meliorative systems, three
ratings of facilities’ maintenance were adopted for analysis:

• E.¶: Poor;
• E.·: Acceptable;
• E.¸: Good.

The category ‘poor’ includes facilities that are overgrown, silted up, have an irregular
cross-section, have a poor gradient, are too shallow, lack protection, culverts, and back-flow
devices, have silted wells and silted-up outlets, and possess a lack of flow in the drainage
network. The ‘acceptable’ category includes facilities with a hydraulic cross-section close to
trapezoidal, ditch depths that are too shallow and flow in the ditch and drainage network
that has not been disturbed. In turn, the ‘good’ category includes well-maintained ditches,
a trapezoidal cross-section, mowed escarpments, no siltation in wells, and a presence of
outlets or culverts.

Another parameter is channel retention/meandering. Favourable conditions include
a rich channel morphology, which is evidenced by a diversified vertical and horizontal
layout of the watercourse. The rich vertical system is created by riffle-pool sequences,
that is, sections with small and large fills at low water levels occurring alternately. This is
conducive to the formation of a diversified channel morphology, which, combined with
an appropriate management of channel banks, enriches habitat conditions for the flora
and fauna. In a properly formed horizontal system of a watercourse, its main current
flows through meanders. This has a positive effect on extending the line of a watercourse,
resulting in an increase in channel retention. A creation of such channel elements is
the same as activities intended to re-naturalise a watercourse. In the matrix, channel
retention/meandering is divided into the following classes:

• F.¶: None—straight channel with a regular shape;
• F.·: Insignificant—single shoreline widenings;
• F.¸: Moderate—river forms bends;
• F.¹: Significant—river channel in the form of meanders.

The fourth parameter is valley water retention, which can be improved by enabling
a connection between dependent water areas and the main channel at high water levels [38].
Increasing both the channel and valley retention is part of the watercourse’s re-naturalisation
process. These measures are carried out in areas where the development, infrastructure and
ownership status have been created and shaped as a result of anthropopression. For this rea-
son, implementing re-naturalisation projects is difficult due to a need to acquire necessary
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lands [39]. Re-naturalisation processes can be implemented successfully by taking environ-
mental aspects into account when developing the assumptions for land consolidation. In
the matrix, valley retention has been categorised into the following classes:

• G.¶: Narrow floodplains;
• G.·: Wide floodplains;
• G.¸: Unrestricted (no embankment).

2.3. Aspects of Spatial Planning in the Framework of Land Consolidation

The last group of parameters is related to the land-use aspects of land consolidation
and includes the following:

• H. Type of land-cover by build-up;
• I. Buffer zones;
• J. Layout of land plots.

All of these parameters are associated with the catchment’s response to rainfall and
should, therefore, be included in studies on the assumptions of land consolidation projects.

The type of land-cover by build-up is mainly related to settlement areas, where the
influence of impervious areas on formation of surface runoff is evident. There is a tendency
to eliminate natural retention, where there exist built-up areas with high imperviousness,
such as roads, roofs and car parks; this significantly affects surface water [40]. Urbanisation
disrupts the natural water cycle, such as rainfall capture, infiltration, and evaporation,
causing a number of flood management problems, including frequent flooding, the dete-
rioration of the aquatic environment, and severe water shortages [41]. When catchment
imperviousness increases, infiltration and evapotranspiration are limited, leading to lower
groundwater levels. In turn, sewerage systems designed for the rapid discharge of rainwa-
ter from drained catchments may lead to increased flow concentrations in the basins that
receive surface water during excessive rainfall [42]. In the matrix, the type of land cover by
build-up has been categorised into the following classes:

• H.¶: Industrial (commercial)—highest risk of flash floods, where impervious surfaces
such as streets and roads, built-up area, or urban district cover more than 10% of the
total area;

• H.·: Continuous—high risk of flash floods, where impervious surfaces occur between
5% and 10%;

• H.¸: Discontinuous/favourable type—where impervious surfaces are divided by
pervious vegetated areas, and impervious surfaces make up <5% of the total area.

The percentage thresholds of impervious surfaces were taken from Schueler and Brown [43].
Buffer zones (around channels, field roads, etc.) are linear semi-natural habitats that

may occur in the agricultural space. These are strips of varying widths, of herbaceous,
shrubby, or woody vegetation not used for agricultural purposes, located at the interface
between arable land or grassland and non-agricultural habitats or between individual
fields [44]. They play a multifunctional role as biologically protective filters, guarding
these ecosystems against the penetration of all types of chemical pollutants of agricultural
origins. Buffer zones are barriers that slow down water runoff and trap sediment. Further-
more, they form distinct transition zones (ecotones) between different types of ecosystems,
contributing to biodiversity. Vegetation influences hydrological processes by three main
processes: (1) runoff control, which is the physical influence of living and dead plants on
the hydraulics; (2) influence of plant physiology on water uptake, storage, and return to the
atmosphere; and (3) influence on water quality [45]. Nature strips with increased harshness
(vegetation or stones) have been found to reduce and delay flood peaks [46]. It is therefore
advisable, particularly from an environmental point of view, to separate the surface of large
fields by, among other things, introducing mid-field afforestation, establishing mid-field
baulks with perennial grasses and herbaceous plants, and creating buffer zones for surface
water [16]. Such areas can be hosts to a high diversity of flora and fauna, especially when
created in a way that allows different plant species to grow spontaneously. Their environ-
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mental importance depends on a number of factors, such as width, length, and position
in the relief and the type of vegetation. The wider these nature strips are—with a more
diverse vegetation structure and greater number—the more beneficial their impacts [47].

The following four-grade descriptive scale was used to assess this parameter, given the con-
siderable spatial and temporal variation in linear vegetation patterns at the regional scale [48]:

• I.¶: Lack of buffer zones;
• I.·: Insignificant—single, short sections that do not connect with one another or there

is no linear tree canopy;
• I.¸: Satisfactory rate—buffer zones on parts of the watercourses and sparse linear

woodlands that are unevenly distributed throughout the area;
• I.¹: Large numbers—well-developed buffer zones on most lengths of watercourses

(also on first-order watercourses) and linear tree planting along roads and field edges.
Even distribution throughout the area.

The last parameter—the layout of land plots—and its modification is one of the central
aspects of land consolidation, with a great influence on pro-retention measures. It takes
into account the maintenance of small agricultural plots that are in suitable places and are
used extensively to provide environmental services. Land consolidation may also involve a
transformation of land use–in particular, of arable land into grassland and afforestation of
marginal land. Plots for pro-retention measures and buffer strips, such as afforestation, as
well as inlet or linear shrubs, should also be subdivided as part of land consolidation [49].
Land consolidation also makes it possible to subdivide plots into new forms for farmers
or landowners interested in having small parcels where agri-environmental and climatic
packages or organic farming with maintained elevated baulks can be practiced [13].

The size, shape, and layout of plots projected as part of land consolidation is critical
for increasing retention, slowing water runoff, and preventing erosion. Increasing the size
of land parcels has a stimulating effect on the intensification of surface runoff and related
erosion processes [50]. Therefore, land consolidation should take into account the need
to reduce the size of plots in certain areas and to properly integrate plot layout into the
relief [51]. By diversifying the use of agricultural land and fragmenting the parcel area
itself, a significant reduction in runoff can be achieved in relation to homogeneous and
large-scale land use, even if the sowing structure is the same [52]. This is because runoff
water can always move from a poorly covered surface to a well-vegetated surface with
high infiltration capacity. However, a mere subdivision into small plots is not sufficient
to ensure proper habitat conditions if there is intensive farming, a small number of plant
species, and an environment with a paucity of valuable biotopes.

The intensity of erosion resulting from surface water runoffs, as measured by soil loss,
is proportional to the land slope in percentage terms, raised to the power of 1.4, and to the
length of the slope in metres raised to the power of 0.65. This means that, with a doubling of
the plot length, the amount of the material carried increases 1.41 times. Therefore, it can be
concluded that the longer the slope (land plot), the weaker the effect of increases in length
on soil loss; simultaneously, the steeper the slope, the stronger the effect of increases in the
slope on erosion and vice versa [50]. In this paper, the following criteria were adopted to
describe a plot’s layout:

• J.¶: Many plots—small and irregular, ≥8 plots per ha;
• J.·: Few plots and with regular shapes–3–7 plots per ha;
• J.¸: Average number of plots—<3 plots per ha.

2.4. Needs Matrix for Land Consolidation Activities with Reference to Water Management Needs

Based on the needs assessment matrix with respect to water management needs
(Figure 1), the assessment of needs for land consolidation aiming to increase retention can
be made in accordance with the following principles:

• A particular site is assigned to the ‘Consequences’ criterion when at least 70% of the
analysed indicators take the grade appropriate for a given ‘Consequences’ class;
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• A selection of the likelihood of a given situation is made based on the rating of a given
parameter: if >50% of the parameters have a higher rating (¸ or ¹), then a higher
likelihood is allocated for that column;

• Frequency classes are a one-dimensional likelihood of occurrence of each complex
parameter, according to the classification shown in the middle part of Figure 1. A
frequency value of ‘1′ is associated with a very low chance of the occurrence of complex
parameters, while a value of ‘5′ denotes a very high chance of occurrence;

• The ‘Consequences’ classes describe different categories of impact, and they are ranked
from insignificant impact (‘1′) to disastrous impact (‘5′);

• The matrix feature colours representing five needs scale that show whether the group
parameters for a particular site are favourable for water retention. The most favourable
option is when the frequency class is ‘5’ and the consequence class is ‘1′. The worst
situation is when the parameter values resulted in critical or disastrous consequences;

• In the matrix, letters ‘A’ to ‘J’ describe the parameters defined earlier. Symbols ¶–¹

indicate the value scale of the parameter.

A similar matrix is commonly used in engineering and water management risk
analysis [53].
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3. Results and Discussion
3.1. Characteristics of Sites Selected for Analysis

In developing the assumptions for this land consolidation project, a proposed approach
was verified for estimating the water retention needs of two sites located in different
parts of Poland and characterised by different spatial structure and water conditions. The
Mokrzeszów research site is located in the Świdnica commune in the Lower Silesia province,
while the Strzelce Wielkie research site is located in the Szczurowa commune in the province
of Lesser Poland.

Table 2 presents the selected parameters of spatial structure of examined sites, while
Figures 2 and 3 present fragments of orthophotos showing a typical ownership structure of
the sites’ agricultural and built-up areas.

Table 2. Selected parameters of spatial structure of the examined research sites.

Specification Mokrzeszów Strzelce Wielkie

Land consolidation area (ha) 1716.00 1708.00
Number of farmlands 80.00 262.00

Number of participants 517.00 818.00
Number of land plots 1532.00 2698.00

Average number of plots per farmland 7.00 6.55
Average plot size of the farmland (ha) 1.38 0.45

Own study based on Pijanowski et. al. [13].
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Climate conditions: For Mokrzeszów, the total annual precipitation in the 1971–2000
period was 678 mm, and in the 2001–2010 period, it was 743 mm. On the other hand,
the recorded mean annual air temperatures in these periods were 7.4 and 7.8 ◦C, respec-
tively [54]. Thus, this is a region with mild climate and above-average precipitation relative
to the national scale. For Strzelce Wielkie, the total annual precipitation in the 1971–2000
period was 662 mm, and in the 2001–2010 period, it was 719 mm. The recorded mean
annual air temperatures in these periods were 8.1 and 8.7 ◦C, respectively [55]. Thus, it is a
warm region with relatively high precipitation [13].

Agricultural land use and soils: Mokrzeszów has been transformed markedly in terms
of agriculture, namely, by large-scale farming. The central and northern parts are located
at an altitude of 254–310 m and are used for agriculture. The terrain ascends towards the
south, where the agricultural space is limited by forest complexes and terrain denivelations.
Forests cover 32.95 ha or 2.6% of the area. Good-quality soils prevail in the analysed area.
Arable land (AL) dominates over grasslands (GL), the share of which is 89.6% and 10.4%,
respectively, in the agricultural area (AA). Permanent grasslands (PG) cover about 7.6% of
the area. The entire precinct has a northern slope exposure. In the southern part, which
is elevated from 310 to 409 m, there are forests and arable areas, while the local terrain’s
descent is 120%.

Strzelce Wielkie has an alluvial plain form, located at approximately 180 m above sea
level. The area is flat, with small depressions in the form of oxbow lakes, which are used
as GLs. PGs occupy about 30% of the area. In the northern and central sections of the
examined area, we can find mud and grey mud in the lower parts. Brown soils dominate
in the southern area of the site. Therefore, Strzelce Wielkie, in general, has quite fertile soils

https://www.kbgitr.com.pl/
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with high retention potentials and low risks of soil drought; however, due to the valley’s
location and low permeability, they are often exposed to excessive moisture [13].

Water and melioration aspects: Within Mokrzeszów, there are two watercourses with
a medium degree of transformation: Milikówka and Lubiechowska Woda, which are right-
bank tributaries of the Pełcznica River, in the Bystrzyca River catchment, associated with
the Odra River system (Figure 4). Milikówka drains the southern and eastern parts of
Mokrzeszów, while Lubiechowska Woda drains its western and northern parts. These
watercourses flow in a typically agricultural area, and their course has been adapted to the
arrangement of agricultural fields. For this reason, in Figure 4, not only curved, but also
straight sections of rivers, can be found. As a result of the regulation, the originally existing
natural (winding) course of watercourses has been significantly simplified. Transformed
flowing waters do not privilege the creation of a proper biological and hydromorphological
balance. For this reason, revitalization works were carried out consisting in widening the
migration area and creating buffer zones between the watercourses and the surrounding
agricultural fields.Sustainability 2022, 14, 16651 14 of 25 
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Both watercourses flow in channels protected by buffer zones, which have good
influence on the water interactions in this area of influence. Moreover, there are several
natural and artificial water reservoirs and ponds in the area.

The total length of melioration ditches in Mokrzeszów is 35.09 km. Drainage has been
installed mainly in Mokrzeszów’s northwestern part, where AL occurs. The area of the
drained land is 283.38 ha, meaning that it covers about 21.8% of the precinct’s AA.

The Gróbka River and its tributaries—the Wrzępski and Młynówka Creeks—flow
through the site of Strzelce Wielkie (northeastern part of the village). The Uszewka channel
runs along the eastern boundary of the village (Figure 5).
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Figure 5 shows natural and artificial watercourses connected to the land irrigation
system, as well as reaches intended for revitalization within the existing system. Compared
to the Mokrzeszów village in Strzelce Wielkie, no such strong transformations were made,
aimed at adapting the area to achieve the optimal shape of agricultural acreages. For this
reason, many oxbow lakes have been left here, suitable for adaptation in the revitalized
river network.

The channels of the Gróbka, Uszewka, and Wrzępski Creeks are regulated, and the
Gróbka River and the Uszewka channel are embanked. The Młynówka channel, on the
other hand, has preserved its natural course with considerable winding. In the central
part of the village, in the middle reaches of the Młynówka Creek, there is a large inactive
water reservoir that is marshy and overgrown, with water plants and bushes, due to the
water being cut off from the Młynówka Creek and directed to the Uszewka channel. In the
central and northern part of Strzelce Wielkie, there are small reservoirs of still water, while
throughout the village, there is a dense network of drainage ditches with a total length of
over 65 km, of which about 52 km requires renovation and maintenance.

In the forest areas, the entire ditch network, totalling 13 km, also needs restoration.
There is a large discharge of water from these areas, which periodically floods the AA,
contributing to moisture in the soil and deterioration of water conditions. The existing
ditch drainage network system is not working, especially in the village centre. As a result,
it does not fully provide either the drought protection function or flood risk reduction.
Water flow is mainly from the south to north direction. Due to a small catchment area of
the Młynówka and Wrzępia Creeks, the flow in these watercourses may subside, which is
associated with accelerated plant succession.

Much of the AA in the northeastern and eastern part of Strzelce Wielkie has been
drained. Nevertheless, there are wetlands that are exposed to the periodical stagnation of
water. The presence of such areas is mainly due to poor technical conditions of the signifi-
cant part of ditches and drainages, limiting mechanical farming options and, consequently,
causing arable land lying fallow [13].

Environmental aspects. Mokrzeszów contains the Ksiazanski Landscape Park, while
Strzelce Wielkie contains the Bratucicki Protected Landscape Area and the Gróbka River Val-
ley Special Area of Habitat Protection PLH 120067. This area has very high environmental
and cultural potentials. With both examined locations, the course of the agriculture–forest
border is mostly regular, but there are no buffer zones at the interface with AL. Additionally,
in the examined locations, there are no planned ecological corridors, windbreak tree belts,
or degraded land that would require recultivation [13].

3.2. An Assessment of Needs for Retention Measures in the Framework of Land Consolidation

Table 3 presents the analyses of parameters calculated for Mokrzeszów. The weighted
mean CN was 82, which indicates a high capacity for direct runoff from rainfall. This is due
to the prevalence of AL over other forms of land use, with lower retention capacities than,
for instance, meadows or woodlands. Moreover, a significant portion of AA is located in
soils with lower-than-average soil permeability according to the USDA [28], which limits
its absorptive capacity relative to the infiltrating atmospheric precipitation. Therefore, with
respect to CN, the Mokrzeszów area has poor retention capacities.

To evaluate the agricultural drought threat, CWB was calculated. From the agricultural
production point of view, for the warm half of the year, its mean value was−35.0 mm, which
points to relatively small precipitation deficits. Its value was determined based on the CWB
maps included in the Agricultural Drought Monitoring System (SMSR) in Poland, which
are available at (https://susza.iung.pulawy.pl/kbw/2021,14/, accessed on 25 April 2021).
According to the ‘Plan to counteract the effects of drought’ [35], Mokrzeszów is located in a
region where the probability of exceeding annual CWB values below −150 mm is about
10%. In other words, on average, every 10 years, rainfall supply deficits may be expected,
which indicates an increased need for irrigation facilities as far as counteracting the effects
of agricultural drought is concerned. It should be mentioned, however, that the land’s

https://susza.iung.pulawy.pl/kbw/2021,14/
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topography, expressed by average slopes, supports the increase in retention, as they are
relatively small and amount to 7.48%. Although, in terms of land use and soil properties,
there are negative conditions for retaining precipitation on site, a relatively flat terrain in
the central and northern parts is conducive to retarding the runoff, which further enables
the use of technical infrastructure in helping to regulate water cycles in the soil.

Table 3. Results of the parameters included in the risk/needs assessment matrix for water manage-
ment measures for Mokrzeszów (own study).

Parameter Value Parameter
Classification

A. Curve number (CN) 82 ¶

B. Climatic water balance (CWB) −35 mm ·

C. Mean slope (S) 7.48% ¹

D. Melioration facilities irrigation–drainage ¹

E. Meliorative systems’ maintenance status acceptable ·

F. Channel retention/meandering low ·

G. Valley water retention unrestricted ¸

H. Type of land-cover by build-up 8.09% sealed ·

I. Buffer zones insignificant ·

J. Layout of land plots 0.89 plot per ha ·

Given that Mokrzeszów is marked by a high proportion of AL, a large number of water
and melioration facilities have been designed in this area. There are drainage and irrigation
facilities that enable the complete regulation of water conditions in the soil—in the period
of precipitation excesses and deficiencies. These solutions compensate for the relatively
unfavourable retention conditions of the studied area, which is evidenced by the high CN.
In the period of excess precipitation, the melioration system drains water efficiently. On
the other hand, in the period of rainfall deficits, the outflow from these systems can be
delayed by a system of gates and damming structures, which reduces rainfall deficits for
agricultural crops. Therefore, the D-parameter achieved the highest score in this category.

Nevertheless, for melioration systems to work and benefit water management in the
catchment, they need to be maintained properly. In Mokrzeszów, 20% of the facilities
are in good condition, 30% are in acceptable condition, and 50% are in poor condition
(Figure 6). Finally, the level of maintenance of the melioration system was assessed as
acceptable. To improve water interactions inside the AA, it is necessary to maintain
correct technical parameters with respect to the drainage ditches. This will promote the
efficient drainage of excess water during periods of intense rainfall and reduce the risks of
overflows and floods.

A vital element in increasing water retention in the catchment and delaying the runoff
is channel retention. Moreover, a well developed system of watercourses with considerable
winding is conducive for improving habitat conditions for aquatic organisms. Due to
property ownership issues, a network of cultivated fields fits very tightly into the system
of drainage ditches. Therefore, the only possible measure is to create buffer strips. One
possibility to increase channel retention is to change the shape of the cross-section by
reducing the slope’s inclination; however, the effect of these measures interferes with the
structure of the watercourse channel. Taking into account the described conditions, the
channel retention of Mokrzeszów is insufficient and has been assessed as ‘low’.

The watercourses flowing through Mokrzeszów are not embanked, which means that
there are no restrictions on valley retention. Therefore, this parameter scored the highest
rating. The lack of embankments along the watercourses allows water to spill over during
a flood wave, which leads to its flattening and to the protection of built-up areas from flood
damage. In addition, the provision of periodic flooding of the river valley has a beneficial
effect on water-dependent ecosystems and the transportation of post-flood substances
from the floodplain terraces to the river channel, which has a beneficial effect on aquatic
organisms [56].
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The amount of water retention in a catchment is also determined by the proportion
of sealed areas such as roads, densely built-up areas, or industrial areas. The reduction in
permeable surfaces reduces the infiltration of water into the soil, while the use of artificial
drainage alters or replaces natural channels. Impervious surfaces increase the danger of
increased discharge and decrease the filtration rate [57]. In the case of Mokrzeszów, the
proportion of sealed land in the entire area is 8.09%, which classifies it as a continuous build-
up area. This is an indirect assessment, as continuously built-up areas are characterised by
a high share of sealed areas, yet possess a share of biologically active terrains where the
infiltration of precipitation into the ground does take place, thus reducing the intensity of
runoffs into watercourses and drainage systems [58,59].

In the case of Mokrzeszów, there is an insignificant degree of involvement of buffer
zones due to a small number of watercourses that have such zones, and in the case of
drainage ditch networks, no such zones have been observed. Moreover, unevenly dis-
tributed, sparse linear forestation was observed on the inspected site.

The last parameter considered in the analysis is the layout of plots. The analysis
carried out for Mokrzeszów revealed an average of 0.89 registered plots per ha, which
will limit the biodiversity of the area and accelerate the outflow of water due to a small
number of baulks on the one hand. This is further evidenced by the lack of numerous
buffer zones in the form of woodlots. On the other hand, it is favourable from the land
consolidation point of view due to fewer owners, resulting in simpler land acquisition
negotiations regarding channel retention measures.

Finally, based on the analysis of parameters, the Mokrzeszów site was classified as a
location with significant risks of problems connected with water resources management
(Figure 7). This is mainly associated with the site’s low retention capacity, unfavourable
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water balance from the water, and drainage infrastructure, resulting in water deficits
for agriculture, the inappropriate maintenance of drainage systems, and the insufficient
retention capacity of river channels. The consequences of this formation of water resources
are ‘Marginal’, mainly due to the presence of complex irrigation and drainage systems,
a favourable land configuration that compensates for the effects of the lower retention
capacity of the soil, a high valley retention capacity, and a continuous type of build-up.
Ongoing investments in the maintenance and upkeeping of drainage systems should be
pursued with respect to this case study. Moreover, the use of incentives for farmers to
implement more buffer strips should also be pursued.
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Table 4 presents the analyses of parameters calculated for the Strzelce Wielkie locality.
For this site, the weighted mean CN was 66.1, which implies an average capacity in
producing direct runoffs from rainfall. This is due to the predominance of meadows over
other forms of land use and a relatively large share of forests. Such a significant share
of these land uses compensates for the less favourable influence of arable land on runoff
formations. Moreover, >90% of the AA is located on soils with good permeability, according
to the USDA [28]. Therefore, in terms of CN, Strzelce Wielkie has good retention capacities.

The CWB is +55.0 mm, which means the predominance of supplies over precipitation
losses due to evapotranspiration. Therefore, in terms of agricultural drought risk, the area
in question is in a favourable situation regarding agricultural production. According to
the ‘Plan to counteract the effects of drought’ [35], Strzelce Wielkie is located in a region
where the likelihood of exceeding an annual CWB < −150 mm is up to 5%; in other words,
precipitation supply deficits may be expected every 20 years, on average. It should be
mentioned, however, that the average slope of the terrain favours an increase in retention
because it is relatively small and amounts to 6.97%.

Table 4. Parameter results included in the risk/needs assessment matrix for water management
measures for Strzelce Wielkie (own study).

Parameter Value Parameter
Classification

A. Curve number (CN) 66.1 ·

B. Climatic water balance (CWB) +55 mm ¸

C. Mean slope (S) 6.97% ¹

D. Melioration facilities irrigation–drainage ¹

E. Meliorative systems’ maintenance status poor ¶

F. Channel retention/meandering high ¹

G. Valley water retention wide ·

H. Type of land-cover by build-up 2.6% sealed ¸

I. Buffer zones Large number ¹

J. Layout of land plots 1.57 plots per ha ·

Bold are marked parameters that determined different results in matrix for both locations.
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In Strzelce Wielkie, AL makes up 39% of the area, which means water conditions in
the soil must be regulated by using land melioration facilities. Drainage and irrigation
facilities have been identified at the site, enabling the full regulation of water conditions in
the soil during periods of precipitation surplus and deficiency. In Strzelce Wielkie, drainage
ditches constitute a network of about 65 km in length, while the drained areas make up 7%
of the AL. Only 16% of the drainage facilities are well-maintained, whereas as much as 84%
are poorly managed (Figure 8). The poor maintenance of melioration facilities will result
in an inadequate capacity of the drainage system in taking out excess water, making it a
detriment to agricultural production.
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Figure 8. An example of poor maintenance of a drainage ditch in Strzelce Wielkie (photo: T. Wirth).

The network of watercourses in Strzelce Wielkie is very diverse (Figure 5), resulting
in the highest rating given to the ‘channel retention’ parameter. The area is situated at the
fork of the Uszewka and Gróbka watercourses. The area contains Stara Młynówka, with a
number of drainage ditches, which increase the catchment’s retention. The dense network of
watercourses, in combination with technical measures (gates at junctions), enables delaying
the outflow and maximising channel retention. Land development enables alterations to the
length of the watercourses by extending their horizontal system (meandering). Additionally,
declogging Stara Młynówka would enable the restoration of its meandering course.

Strzelce Wielkie is located between the Uszewka and Gróbka watercourses, which have
been embanked. Most watercourses in the area, however, have not been embanked, which
implies that the floodplains are wide, and this has a positive effect on the valley’s retention.

Sealed areas make up 2.6% of Strzelce Wielkie; hence, it is classified as a discontinuous
build-up area. This is a favourable assessment because such areas have a dominant share
of biologically active terrains where precipitation infiltrates the ground, thus reducing the
intensity of outflow to watercourses and drainage systems.

Along most of the watercourses in Strzelce Wielkie, there are naturally formed buffer
zones of varying widths. In addition, point and linear woodlots of various lengths have
been identified along parts of the ditches and field roads and also along field bound-
aries. The buffer strips are evenly distributed across the area. Shrubs and afforestation
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have been observed in the oxbow lakes. Strzelce Wielkie, therefore, achieved the highest
score for this parameter.

The average number of plots in Strzelce Wielkie was 1.57 per ha (Table 4). In contrast
to Mokrzeszów, possessing such a number of plots is favourable in terms of biodiversity
and outflow delays, although it is not favourable in terms of cultivation and ownership
issues. Undertaking pro-retention measures involving watercourses or drainage facilities is
easier when there are fewer plots.

Based on the analysis of the selected parameters describing aquatic interactions,
Strzelce Wielkie was classified as an area with insignificant risks of problems related to
water resources (Figure 7); this was mainly associated with the poor maintenance of melio-
ration facilities and the insufficient retention capacity of river valleys. The consequences of
the present situation concerning the structure of water resources are ‘Insignificant’. Only
ongoing investments in the maintenance and upkeeping of drainage systems should be
pursued for the investigated site.

The main parameters that determined lower needs of water resource management in
Strzelce Wielkie village are (Table 4): cuve number, CBW, channel retention, and type of
land-cover by build up and buffer zones. Lower CN value and higher CWB in Strzelce
Wielkie influence higher water storage in soil and, thus, lower risk of agricultural droughts
and also influence longer response of catchment on intensity rainfall. The higher channel
retention in Strzelce Wielkie can compensate the disadvantage effect of poorer maintenance
of meliorative system than occurs in Mokrzeszów village. Negative impact on water
resources has sealed areas where infiltration rate of rainfall is poor. In Strzelce Wielkie
village, there are much better conditions for infiltration because sealed areas occupy only
2.6% of the village, as compared to Mokrzeszów, where the sealed area is equal to 8.09%.
Finally, large buffering zones in Strzelce Wielkie play a significant role in the protection of
the river against pollution, regarding mainly nutrients, which can outflow to form arable
land, and which also increase the biodiversity of the landscape.

The applied methodology enables the comparison of various objects in terms of a
number of parameters defining land consolidation and its impact on their functions and
environmental responses. Some of the parameters can be directly interpreted as factors
contributing to or counteracting climate change. The analyzed objects are characterized
by different specificities from the point of view of channel and valley water retention
capacity and melioration facilities. Watercourses flowing in the Mokszeszów village are
characterized by low channel retention, which is the result of adjusting their course to
the arrangement of agricultural fields. However, the valley retention is greater than in
the Strzelce Wielkie village, which allows the water to flood the neighboring farmlands.
Strzelce Wielkie, due to the smaller number of heavily transformed waters, has, on balance,
a greater channel retention. Regulation works on this structure served as flood protection,
which resulted in the reduction of valley retention. As a result of the analysis of the above-
mentioned parameters, information was obtained about the conditions prevailing in a given
facility and the possibilities of their improvement. For example, in Mokrzeszów, measures
should be taken to increase channel retention. This can be achieved by widening the channel
migration belts, combined with increasing the curvature of the watercourses. In the Strzelce
Wielkie village, by appropriate control of the operation of the in-channel structures, as a
flood protection measure, water can be directed to the adjacent fields. This action will affect
the use of additional valley retention. Increasing retention in the catchment is part of the
fight against climate change. In some aspect, the proposed approach can be used to assess
needs of land consolidation for water management in the future climate change projections.
It is possible, by using the CWB, that it is only one parameter in this approach linked with
meteorologic conditions. Generally, results of this study confirmed strong needs actions to
prevent water scarcity and drought in Poland (regarding conditions), where some of studies
confirmed a negative effect of meteorological drought on the agricultural sector [60,61].

During the land consolidation process, stakeholder participation played an important
role, mainly in the Strzelce Wielkie village. The land consolidation project was prepared
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with support residents, including farmers and representatives of the Cracow Bureau of
Geodesy and Agricultural Land, local authorities and institutions, and NGOs [62]. In the
future, studies involving local communities in the process of developing consolidation
projects will certainly be subject to extensive scientific research.

4. Conclusions—Final Remarks

In the future, land consolidation should play a greater role in many aspects of the
national economy. It takes on a particular role in agricultural areas, where, in addition
to the production’s function, the formation of water resources is becoming increasingly
important. A proper shaping of the agricultural production space is important for increased
water retention, which is particularly relevant with various, often unfavourable, climatic
change phenomena. Therefore, a creation of a simple yet comprehensive tool, which
allows surveyors to quickly assess the impacts of water management measures, plays
an important role in making land consolidation decisions that take water management
problems into account.

This paper proposes a simple tool regarding the formation of a needs matrix for
water management in agricultural areas, considering not only factors affecting water
retention, such as land use, soil, climate conditions, and topography, but also technical
and non-technical retention methods, such as water melioration, channel, and valley
retention, the presence of buffer strips that enhance biodiversity, and plot layouts. With
the proposed matrix, it is possible to take into account all of the aforementioned factors,
allowing for a quantitative and qualitative description of the area in view of developing
water retention facilities.

The proposed matrix has been modelled on solutions used for flood risk analysis.
All parameters used in the matrix are relatively easy to estimate, and they are based
on commonly available databases, such as the following: land use, numerical terrain
model, soil maps and information from atmospheric drought monitoring, and on the
basis of a visual assessment of the condition of technical infrastructure. In order to verify
the assumptions made at the matrix design stage, two sites were selected—Mokrzeszów
and Strzelce Wielkie—which differ in climate, soil, land use structure, and hydrological
conditions. Based on the analysis, each site was given a different assessment of its retention
potential, as the sites exhibited different factors influencing them, including the inadequate
maintenance of drainage systems and insufficient retention capacity of river channels and
valleys. It can be concluded that the criteria showing the factors influencing water retention
have been selected correctly, and the assumptions adopted in the matrix make it sensitive to
changes in factors that influence retention. It can be said that the limitation of the proposed
method may be the subjective view in the evaluation of some parameters, such as channel
and valley retention, or the conditions of drainage facilities. However, the criteria adopted
to describe these factors are so simple and unambiguous that an error obtained from the
analysis would be acceptable and would not affect the final results.
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wykorzystania aplikacji na urządzenia mobilne LC-CApp (Public participation in land consolidation process based on the idea of
crowdsourcing-experience from the use of LC-CApp for mobile devices). Przegląd Geod. 2022, 94, 9–15. [CrossRef]
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