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» only then is the water respected, when there is no water in the well”
(Polish proverb)

Introduction

The recent years have particularly shown that climate change has become
a reality. According to the report of the International Climate Panel (IPCC),
currently up to 3.6 billion people worldwide feel the effects of climate change
(IPCC Working Group I Report, 2021). Heat waves, combined with droughts,
water shortages and floods are particularly troublesome and dangerous for
Europe (Feyen et al., 2020, pp. 20-23, 50-53).

July 2022 turned out to be the sixth hottest month in Europe with a heat-
wave setting local and national records in both Western and Northern Europe
(Climate Bulletins).

Agriculture, which directly depends on the quantity and quality of water
resources, is particularly sensitive to the negative consequences of climate
change. It is the agricultural sector that is the largest consumer of water,
which currently accounts for 70% of global consumption, including about
25% for irrigation of crops (Un World Water Development Report, 2022) As
aresult of changes in the distribution and intensity of rainfall and an increase
in air temperature, agricultural sector is already struggling with an increas-
ingly frequent shortage or excess of water, which causes significant losses in
agricultural production.

Climate change is projected to reduce crop productivity in parts of south-
ern Europe. While the northern regions may experience longer growing sea-
sons and more suitable cropping conditions in the future, the number of
extreme events negatively affecting agriculture in Europe is projected to
increase significantly (EEA Report, 2019, pp. 12-19, 25-35).

In the geographical region in which Poland is located, we can also expect
an increase in the frequency and worsening of extreme weather phenomena,
in the form of increasingly severe and longer periods of drought, or sudden
torrential rainfall resulting in local flooding and floods (Climate change
trends, http://klimada.mos.gov.pl,Komunikat01/2020). In Polish weather
conditions, in order to mitigate the described phenomena, it is necessary to:
increase the natural retention capacity of the catchment area, limit the rapid
runoff of rainfall and meltwater through drainage networks and introduce
precise irrigation systems (Karaczun, 2020, pp. 10-12; Karaczun et al., 2020,
pp. 75-94). This means that the challenges faced by Polish agriculture require
the involvement of not only the government and local administration
responsible for creating organizational and legal frameworks for the rational
management of water resources, but - above all - the participation of farm-
ers (Kolasinska & Wawer, 2020, pp. 74-86, 188-190) Their decisions and
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applied agricultural practices, after all, directly affect the quantity and qual-
ity of water in agriculture (EAA, 2021; Wawer, 2020, pp. 38-45). Therefore,
knowledge and awareness in the area of rational management of water
resources is so important in counteracting the negative effects of climate
change and its impact on agricultural production. An important role in the
educational area of agricultural environment is played by Agricultural Advis-
ory Centers (AAC), which provide broadly understood consultancy in the
field of agriculture, sustainable development of rural areas and improvement
of professional qualifications of farmers. The tasks include organizing train-
ing and implementing knowledge exchange programs aimed at educating
farmers in the use of more efficient water management practices in agricul-
tural production (Kolasinska & Wawer, 2020, pp. 16, 55, 147-158, 179).
These centers have recently expanded their information campaign with an
educational and training offer in the field of melioration and retention of
water resources and irrigation.

The aim of the article is to show the state of knowledge of agricultural
producers in the area of rational water management in agriculture. Itis a case
study involving farmers in the selected poviats of the Zachodniopomorskie
Voivodeship (Poland, EU), which is characterized by a certain specificity, due
to its large-area and intensive nature of agricultural production.

To achieve the objective, preliminary pilot studies were use carried out
among agricultural producers concerning their knowledge of irrigation,
water retention and melioration treatments in agriculture, as well as know-
ledge of the competencies of individual institutions and bodies operating in
the area of rational water management.

In order to answer these questions, the following research tools were
used: analysis of existing data (reports, domestic and foreign statistical stud-
ies, source documents and legal acts), literature review and a quantitative
research method - a survey.

Water resources in agriculture

Water is one of the most important elements of the natural and anthropo-
genic environment; necessary for life and development (Water resources in
the world). In recent years, a rapid decline in water resources has been
noticeable due to increasingly frequent droughts and intense weather phe-
nomena that affect the limited and vulnerable nature of this resource. There-
fore, water is one of those goods the improper use of which may limit the
socio-economic development or, at best, the production efficiency of almost
all branches: industry, agriculture, transport and services (Ktos, 2013b, pp.
263-274; Kaca etal,, 2011, pp. 14-21).
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Agriculture is especially exposed to those deficits, potentially bringing
a serious challenge to ensuring food security, due to a rapid growth in the
world’s population (World population., ONZ, 2022). In the early 2000s, 40%
of the world'’s food came from 18% of the cultivated land that had been irrig-
ated. The global irrigated area has increased more than sixfold over the last
century, from about 40 million hectares in 1900 to over 260 million hectares
(Chartzoulakis & Bertraki, 2015, pp. 88-98; FAO, AQUASTAT Database). Water
abstraction for irrigation is a major driver of groundwater depletion world-
wide, further exacerbating the water supply situation. The United States,
China, Iran and Pakistan are responsible for 67% of the world’s groundwater
consumption. It is estimated that the increase in groundwater extraction by
2050 will amount to 1,100 km? per year, i.e. 39% (Boretti & Rosa, 2019, pp.
1-15). The intensification of the use of groundwater for irrigation can lead to
overall water depletion at the water catchment level (Wada et al., 2016, pp.
175-222).

Due to the fact that the current efficiency of irrigation was very low, with
only 55% of the water being used for crops, measures were taken to minim-
ize water losses from storage and retention systems and to find economical
crops with minimal water consumption and the use of application methods
inirrigation systems (the so-called: precise - drip irrigation) (Beluhova-Uzun-
owa et al, 2019, pp. 142-155; Berbel et al.,, 2018, pp. 423-429).

Moreover, water retention capacity of the agricultural landscape can be
improved by maintaining drainage systems, establishing a variable water
flow regime, restoring and reconstructing morphological structures in rivers,
adopting ad hoc crop rotations and utilizing other agricultural practices
(crop systems, soil cover management) or creating flood protection reser-
voirs (Climate-ADAPT, 2019). Therefore, for environmental reasons, agro-
technical and planning measures are gaining importance (Mrozik & Przybyta,
2013, pp. 1767-1773).

Studies conducted in various countries such as: India, Israel, Spain and
the United States have shown that drip irrigation reduces water consump-
tion by 30-70% and increases yields by 20 to 90% (Postel et al., 2001, pp.
3-13). The combination of water savings and higher yields currently makes it
the leading technology in addressing the global challenge of increasing crop
production in the face of severe water shortages. This method is the only
viable way to optimize agricultural production and encourage water conser-
vation in order to improve the efficiency and durability of irrigation systems.
For this purpose, knowledge of the water requirements of crops, water
requirements and soil & water characteristics that determine the timing of
irrigation is essential. In most cases, the farmer’s skills determine the effect-
iveness of irrigation planning (Wawer et al., 2016, pp. 290-296; Savari et al.,
2021).
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The problem of optimizing water management also applies to European
agriculture, which - due to its geographic and climatic conditions - is par-
ticularly exposed to water deficits. According to the European Environment
Agency (EEA), droughts and water scarcity are no longer rare and extreme
phenomena and affect about 20% of the territory of Europe and 30% of
Europeans every year (EEA Report, 2021). That is the reason why, in the past,
a combination of rain and irrigation farming was used. Consequently, agricul-
ture in Europe is responsible for about 40% of the total water consumption,
in some regions reaching even 80% (Agenda 2030). In southern Europe in
particular, the demand for irrigation is projected to increase in the coming
years, while water availability is expected to decline in part due to climate
change.

Greece, Italy, Portugal, Cyprus, Spain and the south of France are the most
exposed to the risk of climate change and the need to irrigate crops. In these
areas, almost 80% of water used in agriculture is currently used for irrigation
purposes (EEA Report, 2021).

Thanks to the introduction of new water-saving practices and strategies,
irrigation does not have to be as water-intensive. The benefits of water effi-
ciency can now be seen all over Europe, both through efficient water trans-
port systems (the amount of water abstracted actually delivered to the field)
and through efficient water distribution in the field (the ratio of the water
actually used by the crops to the total amount of water with which the crop
were provided). A good example is France and Greece, where the introduc-
tion of an improved transport network and efficient water distribution has
led to an increase in water efficiency of 95% compared to previously used
irrigation methods (Rouillard, 2020, pp. 461-479).

Another solution for the rational management of water resources is the
use of treated wastewater for agricultural purposes. For example, in Cyprus,
the targets for the use of recycled water set for 2014 correspond to about
28% of the water demand reported by the agricultural sector in 2010. In
Gran Canaria, treated wastewater accounts for about 20% of the water used
in all sectors; such water is used, for example, to irrigate tomato plantations
(Gelati et al., 2020, pp. 227-253).

Significant water savings of more than 40% of the volume of abstracted
water can be achieved by improving irrigation infrastructure and technolo-
gies, such as: improving the efficiency of the provision and application of
irrigation systems, changing agricultural practices, planting drought-resist-
ant crops, and reusing treated water (EEA Report, 2020, pp. 18-24).

Poland is also one of the countries with very severely limited resources
(Thier, 2020, pp. 9-16; Eurostat, 2021). According to the Togetair® Climate

1 Polish Multimedia Climate Report - TOGETAIR.
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Report, there is 1.5 thousand m?® of water per one Pole per year, which is
three times less than for a statistical European (Statistics Poland, 2021).
Almost 20% of Poland has precipitation lower than 500 mm, which ranks
these areas among the driest in Europe (Mrozik, 2012, pp. 75-79).

Moreover, Poland’s surface water resources are highly variable in time
and space, which intensifies periodic water excesses or deficits in rivers
(Prandecki et al., 2018, pp. 78-98; Walczykiewicz, 2020, pp. 4-10). An addi-
tional problem is also posed by the rapid disappearance of surface waters
and fluctuations in the amount of water available during the year; this phe-
nomenon being the result of the changing amount and nature of rainfall (Pro-
jekt KLIMADA, 2020). Meanwhile, agricultural production in Poland is based
mainly on rainwater, which additionally worsens the situation, because
Poland experiences low rainfall due to being located in a transitional climate
zone, where continental and oceanic influences collide. The average annual
rainfall in Poland is 619 mm, which means that 196 km? of water i.e. 70% is
lost due to evaporation while 62 km?3 runs off into rivers (Institute of Meteor-
ology and Water Management, 2020; Mrozik, 2012, pp. 75-79). All these con-
ditions make the periodical scarcity of water resources particularly burden-
some for agricultural production in the times of its greatest demand by crops
(Furdyna, 2020, pp. 62-67).

In Poland, about 60% (and including forest crops - 90%) of the country’s
area is related to the demand for agricultural production and uses more than
40% of the total annual precipitation and about 70% of the volume of gener-
ally available water in the catchment area to produce food (Statistics Poland,
2021). For this reason, water management in the catchment area is of key
importance for its long-term preservation and its use in a satisfactory amount
(Kaca, 2015, pp. 23-30).

In order to improve water balance in Poland, more water should be kept
where it falls, slowing down the process of its evaporation from the soil by
storing it in retention reservoirs and by reusing drainage waters (Szymczak,
2014, pp. 53-85). Unfortunately, currently the total amount of water stored in
the existing storage reservoirs in Poland is slightly more than 6.5% of the
average annual river runoff volume over many years. On the other hand, the
geographical conditions of Poland allow for the retention of as much as 15%
of the annual river runoff. This means that the water retention program to
regulate the flow of water, initiated as early as 1995, is still insufficient, does
not provide full protection against floods and droughts, and does not guaran-
tee adequate water supply. For proper water management, this indicator
should be at the level of at least 20% (Opania & Gama Marques, 2021, pp.
2-10; Raport, Stop suszy! 2020, pp. 1-40). This is a huge challenge for water
management in rural areas.
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Meanwhile, in the climatic conditions forecast for the coming decades -
just to maintain the current agricultural production - Polish farmers will be
forced to increase the area of irrigated crops (Institute of Meteorology and
Water Management, 2020). It should be assumed that, in the perspective of
several decades, the use of irrigation will be an indispensable element of
agricultural crops in a large part of the country. For this to be possible with-
out disturbing the country’s strategic water resources, it is necessary to
increase the efficiency of water use by implementing, among others, precise
irrigation of plants. Detailed rules for drawing water for irrigation are regu-
lated by the Water Law Act (Journal of Laws of 2017, item 1566). The aim
should be to significantly increase the irrigated area with only a slight
increase in water consumption. For this purpose, in many parts of the coun-
try, the main source of water for agriculture should be surface waters col-
lected in retention reservoirs.

Challenges faced by water management in Poland in the face
of climate change

Rational water management is a process of obtaining, collecting, using
and protecting water, removing its excess and limiting the related risks, as
well as mitigating water shortages and their elimination (Ktos, 2013a, pp.
198-200). It is particularly visible in rural areas, where water management is
subordinated to: the challenges faced by the agro-food sector, health safety of
people living in the countryside, animal welfare, production of healthy food,
preservation of landscape and environmental values (Mosiej et al., 2011, pp.
25-36; Kaca et al,, 2011, pp. 16-18). Due to the growing problems caused by
climate change, poor water management and insufficient retention, the fol-
lowing aspects of water management come to the forefront in rural areas:
¢ development of new methods for the optimization of hydrological bal-

ance of soils in the soil-water-plant system, including water melioration

through increasing soil retention and using precise irrigation,

¢ development of new methods for monitoring, rating and forecasting of
water availability for agriculture at the farm, commune and water catch-
ment level,

¢ adoption of water management as one of the leading elements of spatial
planning in a rural commune,

e adaptation of agricultural practices to the changing availability of water
resources,

¢ increase of water retention in the agricultural landscape and diversifying
water sources for farms,
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* prevention of the deterioration of soil quality resulting from water defi-
cits, especially preventing the mineralization of soil humus,

¢ stimulation of the economic and environmental effects of implementing
good water management practices on farms through subsidies and con-
sultancy, as well as educational and training programs (Treder et al,,

2021, p. 8).

These challenges require careful planning pertaining to the use of water
resources in the region in accordance with the principles of rationality in
access to water and with simultaneous implementation of agricultural, social
and environmental goals. Achieving these goals involves adapting agricul-
tural production which can lead to land consolidation aiming to improve
water retention and flood protection. Such activities are undertaken, among
others, in Poland and the Netherlands (Stanczuk-Gatwiaczek et al., 2018, pp.
498-511).

Therefore, water management in rural areas requires a wide range of
activities, ranging from planning and organizational activities, through
design and investment, to operational, modernization and educational activ-
ities (Mioduszewski et al., 2011, pp. 179-202).

In the decision-making process, it is worth taking into account all the eco-
system services provided by individual treatments that increase the drainage
capacity of the water catchment (Mrozik & Idczak, 2017, pp. 37-48).

For this purpose, it is necessary to develop methods of rational water
management in agriculture (Wawer & Kozyra, 2021). To implement these
measures, it is imperative that all water managers and water users collabor-
ate and work together to manage water in rural areas.

Around the world, partnerships are used to solve complex problems
related to rational water management. An example of participatory manage-
ment of water resources in agriculture is Egypt, where numerous associ-
ations have been established involving all water users, including farmers, in
the area of irrigation at the water catchment level. The result is an increase in
agricultural production, savings and an increase in the productivity of water
resources (El-Hafez & Negm, 2018, pp. 605-622).

This approach sees decision-making as a dialogue and negotiations with
stakeholders from the central government and local government sectors,
organizations operating in the field of rational water management, and rural
residents themselves (Margerum & Robinson, 2015, pp. 53-58). Collabora-
tive Partnerships have been established for a range of water issues, operating
at different levels in many parts of the world: South America, Australia and
Europe. In the field of drought prevention, Poland is a member of the Global
Water Partnership for Central and Eastern Europe (Bokal et al., 2014, pp.
37-46, more at: Country Water Partnership; Global Water Partnership).
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This requires a number of activities and knowledge in the field of water
management in agriculture, both on the part of institutions interested in the
subject of water management, agricultural producers, as well as inhabitants
of rural areas.

In the process of adapting Polish agriculture towards rational water man-
agement, it is extremely important to have reliable information on: the con-
dition of water resources, forecasts of their dynamics in the current season,
estimating the rate of their renewal in the current climatic conditions and
consumption (Michalak, 2020, pp. 134-141). Good practices include, on the
one hand, optimizing the use of water and, on the other hand, its accumula-
tion in periods of excess, so that water stocks can be used during shortages
(Kolasiniska & Wawer, 2020, pp. 51-74).

Therefore, the Ministry of Agriculture and Rural Development (MARD) in
cooperation with the Agricultural Advisory Centers (AAC) and representat-
ives of local government have developed an outline of rational water man-
agement for agriculture at the municipal level, consisting of 7 pillars:
¢ development of a study of the commune’s water resources as part of the

procedure for creating and updating local spatial development plans

(LSDP),

» creation of Local Water Partnerships (LWP) associating water manage-
ment institutions - the Polish Water Management Authority (PWMA) and
its local units, as well as units responsible for government and local
administration, water companies and water users,

¢ reform of water companies and taxation for the maintenance of drainage
networks in rural areas,

e creation of irrigation communities to manage their assigned surface
water and groundwater,

* optimization of water usage in irrigation based on reliable climatic, soil
or plant criteria,

e increase of the retention of water reservoirs and soil water capacity
through appropriate agro-technical measures: crop rotation, organic fer-
tilization, slowing down surface runoff to waters, collecting rainwater,
reuse of greywater (gray water https://www.eea.europa.eu/pl/articles/
woda-na-potrzeby-rolnictwa; Kolasinska & Wawer, 2020, pp. 54-55),

¢ education of farmers, advisers, local government administration in the
field of water management and water-saving management in agriculture
(Trader et al., 2021, pp. 7-8).

The implementation of the above-mentioned pillars of rational water
management in rural areas requires an efficiently functioning organizational
and legal framework, in particular:
¢ the inclusion of water management in the spatial planning of the com-

mune,
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¢ full identification of water resources in the commune: surface and under-
ground waters, creation of local hydrogeological models describing the
boundary states of groundwater levels for resource renewal programs
that enable the estimation of safe levels of annual water retainage and
consumption,

* renewal and modernization of water drainage systems and the launch of
small and large retention programs that increase the supply of surface
water in rural areas (Trader et al., pp. 9-10).

All this will be possible through the active involvement of all users in the
process of rational water management, especially at the commune and poviat
level. To this end, the Ministry of Agriculture and Rural Development (MARD)
initiated the creation of local communities operating to ensure access to
information and transfer of knowledge in the field of rational water manage-
ment in the region. The initiative to create water partnerships was taken by
Voivodeship Agricultural Advisory Centers, under which Local Coordinators
for LWP were appointed.

Local Water Partnership (LWP) — goals and tasks

Local Water Partnership (LWP as Local Water Partnerships) is a volun-
tary, informal association of people / entities interested in or involved in
water management in a given area. The legal form of LWP functioning is
optional and depends on the needs, for example it can be a form of a Letter of
Intent.

The main purpose of LWP is to improve water management in the poviat
(county). It is assumed that LPW will be a cooperation platform in the field of
water management in rural areas. An efficiently functioning LWP can identify
problems that may serve as the basis for the introduction of new solutions, in
particular in the field of the operation of water companies or the mainten-
ance of water drainage facilities (Support for the creation of LWP, 2020,
https://sir.cdr.gov.pl/2020/ 06/22 / support).

The scope of LWP operation in the short-term period includes:

e facilitating the implementation of support for water investments fin-
anced under the Rural Development Program (RDP, transition period)
and the National Reconstruction Plan (NRP),

¢ exchange of information on the principles of investment implementation
with regard to the necessary documentation,

e in the scope of NRP, assistance in identifying investments that meet
environmental criteria in accordance with the guidelines of the European
Commission on the application of the principle of ,do not do serious
damage” (Journal of Laws UE.C.2021.58.1).
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LWP’s long-term activities include:

¢ activating and strengthening cooperation between all entities,

* diagnosis of the situation in the field of water resources management,

¢ development of joint solutions (co-decision) to improve the broadly
understood water management,

e expressing opinions and developing investment plans (indicating priorit-
ies),

¢ conducting educational campaigns to increase the awareness of farmers
and all rural residents on the issues of economical and rational water

management (Kaminski et al., 2021, pp. 6-8).

The Local Poviat (county) Water Partnerships (LPWP) created in 2020
are to work towards overcoming institutional barriers and creating efficient
communication between various stakeholders for the efficient resolution of
water scarcity, water excess and quality problems. The coming years will
show whether the undertaken initiative will improve water management in
the area of communes and poviats (counties).

Research methods

As part of the project called Support for the Creation of Local Water Part-
nerships (SiR, 2020), preliminary pilot surveys were carried out in eight ran-
domly selected poviats (counties) of the West Pomeranian Voivodeship
among agricultural producers. The following poviats were selected for the
study: Biatogardzki, Gryfinski, Koszalinski, Kotobrzeski, Mysliborski, Pyrzy-
cki, Stawienski, Szczecinecki, to which 100 invitations (for each poviat) to
participate in the survey were sent randomly. In total, a response was received
from 277 agricultural producers who declared participation in the survey
out of the total of 800 invitations sent. The largest number of agricultural
producers reported in the Mysliborskie poviat, the fewest in the Gryfinski
poviat.

The survey was conducted at the request of the West Pomeranian Agri-
cultural Advisory Center in Barzkowice, which conducts training and con-
sulting activities in the area of rational water management in agriculture and
irrigation in the voivodeship. The questionnaire survey sheet contained 17
questions: four questions concerning the characteristics of the reported farm
(i.e. farm size, structure of crops and breeding, agronomic category of soils),
three questions were open-ended and concerned the identification of institu-
tions providing support related to training and raising knowledge in the field
of irrigation and drainage in agriculture. The remaining 10 questions were
closed in the “Yes or No” answer. The study period was initially planned for
2019 but, due to the Covid 19 pandemic and restrictions on meetings and
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direct contact with the beneficiaries, it was extended to 2020-2021. The
study used a quantitative research method - a questionnaire, which was
made available during the meetings with farmers.

Results of the research — Characteristics of the research area

Large-area farms dominate in the Zachodniopomorskie Voivodeship
(West Pomeranian Voivodeship), where the average farm is 33 ha with the
national average of 11 ha. (West Pomeranian Voivodeship in numbers, 2020).

In the survey, 80% of farms were in the range of 10-50 ha. Agricultural
crops dominated in 90% of farms, and no animal breeding was carried out in
over 67% of farms (Table 1).

Table 1. Characteristics of farms, size, structure of crops and type of farming in the
surveyed poviats, 2019-2020

Poviat, Size of agricultural farm Tvoe of crons in % Type of animal breeding
No of respondents in hectares (ha) in % » psin in %
5 £ o
s B o 2 £
5 = = K] @ 8
Characteristics S £ £ = = £ >
of farms o 8 2 g| & £ T % g £ = @
$ > 2 8 7| 2 & & 28 & & 2
Biatogardzki, N=28 4 0 50 21 25 9% 4 0 0 3 7 3 47
Gryfinski, N=22 9 9 23 32 27 100 O 0 0 5 0 9 86
Kotobrzeski, N=49 0 20 40 20 10 (9% 0 2 2 25 10 0 65
Koszalinski, N=33 21 2440 3 121100 O 0 0 17 0 9 74
Mysliborski, N=51 6 2 40 22 10 |88 2 0 0 25 4 0 72
Pyrzycki, N=17 0 0 7 12 4 il 6 23 0 12 1 0 82
Stawieriski, N=35 9 9 31 29 22 |83 3 14 0 31 17 0 53
Szczecinecki, N=42 16 5 5. 14 10 |8 2 12 0 28 5 5 62

Source: author's work based on ODR surveys in Barzkowice (Poland).

The graphical image of the voivodeship with marked poviats participat-
ing in the study is presented on Figure 1.
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Figure 1. Poviats of the Zachodniopomorskie Voivodeship (Poland, EU)

Discussion of the obtained results and preliminary conclusions

The actual state of irrigation in the surveyed counties and losses in agri-
cultural production due to water shortages as a result of drought periods are
presented in Table 2.

In the surveyed poviats, crop losses caused by drought and water short-
age exceeded 80% and, in some cases, even 100% of reported farms. Even
more surprising is the small number of surveyed farmers irrigating their
crops, in which the dominant form is rainwater and drip irrigation. As the
main reasons for not using irrigation, the following were indicated: lack of
funds for the implementation of comprehensive solutions regarding irriga-
tion retention and ignorance of the regulations related to the possibility of
developing irrigation.
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Table 2. Selected answers of respondents in the poviats surveyed regarding irrigation

Poviats }IZI:;L‘:/; ?:rigate glr:c)apt:)ovsvﬁzr Toype of irrigation used F:eason for non-hydration
crops shortage [%] [l (%]

Biatogardzki 4 100 0 4 0 2 2 22 44 26
Gryfiriski 4 100 0 4 0 2 2 22 44 26
Kotobrzeski 6 85 3 3 0 3 23 24 27 23
Koszalifski 6 85 3 3 0 3 23 24 27 23
Mysliborski 2 88 2 2 0 7 10 20 43 20
Pyrzycki 6 94 0 0 6 23 9 18 32 18
Stawieniski 3 86 0 3 6 30 15 7 33 15
Szczecinecki 2 90 0 7 0 1 13 27 40 19

Legend: Type of irrigation used: 1 - drip, 2 - rain, 3 - percolating. The reasons for not using irrigation: 4 - lack
of needs, 5 — lack of technical support, 6 — lack of water for irrigation, 7 — lack of funds, 8 — complicated regula-
tions.

Source: author's work as in Table 1.

In terms of knowledge about support mechanisms in the area of water
management, including irrigation, 18% of the total respondents confirmed
the knowledge of the available activities, while 82% of the respondents had
no knowledge on this subject of Figure 2.

Question 1 - Szczecinecki
poviat

Question 1 - all poviats Question 1 - Kotobrzeski poviat
(counties)

18% 10%
(]

YES
YES

= NO

Figure 2. Do you have knowledge about the mechanisms of supporting the development of
irrigation in agriculture? (in %, n = 277)

Source: author's work based on questionnaire research.

The knowledge of the issues of irrigation support mechanisms in agricul-
ture was significantly above the overall average in the following poviats:
Szczecinecki and Pyrzycki (24% each), but the result was below the average
in the Kolobrzeski poviat, where only 10% of respondents confirmed their
knowledge of such mechanisms. In the study, a total of 70% of respondents
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did not have knowledge about the available training courses related to the
possibility of developing irrigation or water retention in farms (Figure 3).

Question?2 - all poviats Question 2 - Biatogardzki poviat Question 2 - Szczecinecki

(counties) 4% poviat

YES
= NO

Figure 3. Do you have knowledge about trainings related to the possibility of irrigation or
water retention development in farms (in %, n = 277)

Source: author's work based on questionnaire research.

Regarding the above-mentioned question, the concerning situation is in
the Biatogard poviat, where as many as 96% of the respondents are not
aware of what kind of training is organized by the West Pomeranian Agricul-
tural Advisory Center (WPAAC) in Barzkowice. On the other hand, the follow-
ing poviats are much above the overall average for the above-mentioned
question: i.e. the Szczecinecki and Koszalifiski poviats, in which slightly less
than half of the respondents had knowledge in this field (46%).

Question 3 - all poviats Question 3 - Kotobrzeski poviat Question 3 - Szczecinecki poviat
(counties)

YES YES

YES

= NO
= NO

Figure 4. Have you participated in training related to the possibility of irrigation or retention
development on farms?

Source; author's work based on questionnaire research.
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This lack of knowledge of the available training on irrigation and water
retention translates into actual participation in the above-mentioned train-
ing. When asked about participation in trainings related to the possibility of
irrigation and water retention development, only 18% of respondents in
total benefited from such trainings (Figure 4).

Similarly, the smallest number of people participated in trainings in the
Biatogardzki and Kotobrzeski poviats (7% each). The highest rate of partici-
pation in trainings was recorded in the Szczecinecki and Pyrzycki poviats:
24% each.

Another question asked in the survey was related to access to informa-
tion on support for the development of irrigation and water retention (Figure
5). Over 80% of respondents believe that access to this information is insuf-
ficient, with as many as 96% in the Biatogard poviat.

Question 4 - all poviats Question 4 - Biatogardzki poviat Question 4 - Pyrzycki poviat

(counties) %

Figure 5. Do you think that access to information on the possibilities of supporting the
development of irrigation and retention is sufficient? [in %]

Source: author's work based on questionnaire research.

18%
29%
82% YES 96% VES YES
= NO = NO = NO

Question 5 - all poviats Question 5 - Stawieriski poviat Question 5 - Koszalinski poviat

(counties

3%

16%

)
29%
= YES u YES
NO NO

Figure 6. Do you think that training in this area is needed?
Source: author's work based on questionnaire research.

= YES
NO
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On the other hand, in the Pyrzycki poviat, 29% of the surveyed agricul-
tural producers considered that the access to information regarding this kind
of support is sufficient.

Interesting answers were obtained in the question “Is training in this
area needed”, as many as 84% of respondents in total indicated the legiti-
macy and need for such training (Figure 6).

It is worth noting that the highest percentage of indications as to the
legitimacy and need for training in the field of irrigation in agriculture was
obtained in the following poviats: Kotobrzeski and Koszalinski, 97% and
96%, respectively, while the lowest number of indications was in Stawienski
poviat — 71%.

An important element in rational water management in rural areas is the
knowledge of the competences of individual bodies and institutions operat-
ing in this area.

For this purpose, a question was formulated regarding the knowledge of
these competences among the survey respondents and the obtained results
were as follows (Figure 7).

Question 6 - all poviats Question 6 - Koszaliriski poviat Question 6 - Szczecinecki poviat
(counties)

48%
YES
= NO

Figure 7. Are you aware of the competences of individual authorities (e.g. who should be
asked for a water permit for the use of water?)

Source: author's work based on questionnaire research.

Only 32% of all respondents participating in the survey declared knowl-
edge about the competences of individual bodies in the field of water man-
agement. In the Koszalinski poviat, only 16% of respondents had such knowl-
edge. The highest indicator was recorded in the Szczecinecki poviat, where
more than half (52%) of the respondents indicated knowledge of the compe-
tences of individual bodies and institutions in the field of rational water man-
agement.

YES
= NO
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The lowest level of knowledge about the applicable regulations concern-
ing irrigation, development, maintenance of drainage and retention was
recorded in the Biatogardzki poviat (64%) (Figure 8).

Question 7 - all poviats (counties) Question 7 - Biatogardzki poviat
1% 4%

12%

40%

&

m Not know m Very bad = Bad = Sufficiently -~ Good m Not know m Very bad = Bad = Sufficiently = Good

Figure 8. How do you rate the regulations on irrigation, development and maintenance of
drainage and water retention?

Source: author's work based on questionnaire research.

Then, the respondents were asked for their opinion on the newly estab-
lished Local Water Partnerships (LWP) to coordinate and support activities
in the field of rational water management in the poviat (Figure 9).

Question 8 - all poviats Question 8 - Gryfinski poviat Question 8 - Szczecinecki poviat
(counties)

52%

64% YES YES YES

7%
= NO = NO

= NO

Figure 9. Do you think the Local Water Partnership initiative could have a positive effect?
Source: author's work based on questionnaire research.
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In total, 64% of the respondents expressed their positive opinion on the
establishment of the LWP. The highest number was recorded in the Gryfinski
poviat - 77%, while the lowest in the Szczecinecki poviat, where only 52% of
the respondents positively assessed this initiative.

Despite the differences in the number of respondents reported in individ-
ual poviats of the West Pomeranian Voivodeship, the obtained results give
the opportunity to formulate very preliminary conclusions related to the
level of awareness of rational water management in agriculture among the
participants of the survey and their interest in the available training offer.

Summary and conclusions

The escalating extreme weather events require a revision of the current
approach to water management in agriculture; an industry most vulnerable
to the effects of climate change and the related water shortages. In rural
areas, this requires a holistic approach to rational water management, taking
into account all the needs of residents with an emphasis on maintaining agri-
cultural production, which is crucial for the country’s food security. Rational
water management means striving to meet the current needs related to the
use of water resources in such a way as not to reduce the access of other
users and, at the same time, to protect water and water-dependent ecosys-
tems in order to maintain the sustainability of natural processes in the natu-
ral environment. Rational water management in rural areas includes not only
the drainage of water from the fields, but also its retention, e.g. by building
appropriate devices for irrigation or retention on farms. This requires the
knowledge and commitment of agricultural producers in the use of econom-
ical water management practices in agricultural production. It is the farmers
who, through the way of carrying out agro-technical operations on their
crops, have an impact on the rational management of water resources and
counteracting the effects of water deficit in agriculture and in rural areas.

The following conclusions can be drawn from the conducted pilot study:
1. Ingeneral, there is very little interest of agricultural producers in partic-

ipating in surveys and meetings organized in poviats on rational water

management in rural areas (277 people, i.e. less than 30%).

2. The vast majority (86%) of respondents participating in the study
showed knowledge about the agronomic category and soil class on their
own farm and the existence of areas that can be used for water retention
in the farm area.

3. In terms of knowledge about support mechanisms for water matters -
retention, drainage infrastructure or construction of irrigation systems,
only 18% of farmers showed such knowledge.
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4. 90% of the farmers participating in the survey believe that trainings on
water management in agriculture and the application of good agricul-
tural practices conducted by the Agricultural Advisory Center in order to
increase and restore small retention are very necessary.

5. Over 70% of the respondents did not participate in training on water
management in agriculture, pointing to insufficient publicity and poor
access to information on this kind of training. At the same time, they pos-
tulated to introduce - apart from traditional lectures and thematic meet-
ings — an online form, e.g. in the form of webinars.

6. Nearly 2/3 of the respondents do not know the competences of individ-
ual institutions dealing with water management, and the regulations on
irrigation, development and retention maintenance are either completely
unknown or incomprehensible to them - participants in the meetings
indicated that the reception of complicated and constantly changing reg-
ulations posed a significant challenge.

7. The initiative to establish a Local Water Partnership was assessed very
positively by the farmers. They hope it could create a a communication
platform for efficient problem solving in the field of water management
in poviats.

In the poviats surveyed, there is a need to implement comprehensive irri-
gation solutions, mainly through financial support for the purchase of water
retention devices for irrigation purposes and training in the applicable
administrative procedures and the possibility of obtaining target funds.

This study attempts to look at only selected aspects of rational water
management in agriculture related to the agricultural production retention
and irrigation system, the main contractors of which are farmers. Unfortu-
nately, the obtained conclusions from the conducted pilot study give
a not-very-optimistic picture of the awareness and involvement of farmers in
selected poviats of the West Pomeranian Voivodeship. However, there is no
doubt that, without their active participation, activities in the area of rational
water resources management in rural areas will not be possible to imple-
ment.

The issues raised regarding retention and introduction of irrigation sys-
tems constitute an important aspect of rational management of water
resources in agriculture and counteracting the effects of water deficit in rural
areas. However, to complete the presented issue, further research will be
continued on the functioning of the established Local Water Partnerships,
which will be presented in subsequent studies.

DOI: 10.34659/eis.2023.85.2.553



ECONOMICS AND ENVIRONMENT 2(85) + 2023 Studies and materials

291

References

Act from 18 July 2001. Water Law. Journal of Laws of 2020, item 310, item 1566. (in
Polish).

Agenda 2030. Cel szdsty: ugasi¢ pragnienie $wiata. https://www.bnpparibas.pl/
blog/agenda-2030-cel-szosty-ugasic-pragnienie-swiata (in Polish).

Beluhova-Uzunowa, R. P, & Dunchev, D.M. (2019). Precision farming - concepts and

perspectives. Zagadnienia Ekonomiki Rolnej. Problems of Agricultural Econom-
ics, 360(3), 142-155. https://doi.org/10.30858/zer/112132

Berbel, |, Gutierrez-Martin, C., & Exposito, A. (2018). Impacts of irrigation efficiency
improvement on water use, water consumption and response to water price at
field level. Agricultural Water Management, 203, 423-429. https://doi.org/10.
1016/j.agwat.2018.02.026

Bokal, S., Grobicki, A, Kindler, J., & Thalmeinerova, D. (2014). From national to
regional plans - the Integrated Drought Management Programme of the Global
Water Partnership for Central and Eastern Europe. Weather and Climate
Extremes, 3, 37-46. https://doi.org/10.1016/j.wace.2014.03.006

Boretti, A., & Rosa, L. (2019). Reassessing the projections of the World Water Devel-
opment Report. npj Clean Water 2, 15. https://doi.org/10.1038/s41545-019-
0039-9

Chartzoulakisa, K., & Bertaki, M. (2015). Sustainable water management in agricul-
ture under climate change. Agriculture and Agricultural Science Procedia, 4,
88-98. https://doi.org/10.1016/j.aaspro.2015.03.011

Climate Bulletins. https://climate.copernicus.eu/climate-bulletins

Country Water Partnership. https://www.gwp.org/en/About/who/Country-Wa-
ter-Partnerships/

EEA Report. (2019). Climate change adaptation in the agriculture sector in Europe.
EEA Report No 4, pp. 12-19, 25-35.

EEA Report. (2020). Water and agriculture towards sustainable solutions. Report No
17. https://www.eea.europa.eu/publications/water-and-agriculture-towards-
sustainable-solutions

EEA Report. (2021). Water resources across Europe — confronting water stress: an
updated assessment.

Report No 12. https://www.eea.europa.eu/publications/water-resources-across-eu-
rope-confronting

EEA. (2021). Water for agriculture. europa.eu

El-Hafez, S.A.A.,, & Negm, A.M. (2018). Role of the Participatory Management in
Improvement of Water Use in Agriculture. In AM. Negm (Eds.), Conventional
Water Resources and Agriculture in Egypt. The Handbook of Environmental Chem-
istry, 74. Springer, Cham. https://link.springer.com/chapter/10.1007/698
2018_325

FAO (Food and Agriculture Organization of the United Nations). (2022, May 28). Baza
danych AQUASTAT. (2020). AQUASTAT - FAO’s Global Information System on
Water and Agriculture. https://www.fao.org/aquastat/en/

Feyen, L., Ciscar Martinez, J., Gosling, S., Ibarreta Ruiz, D., Soria Ramirez, A., Dosio, A.,
Naumann, G., Russo, S., Formetta, G., Forzieri, G., Girardello, M., Spinoni, ., Men-
taschi, L., Bisselink, B., Bernhard, J., Gelati, E., Adamovic, M., Guenther, S., De Roo,
A., Cammalleri, C., Dottori, E, Bianchi, A., Alfieri, L., Vousdoukas, M., Mongellj, I.,

DOI: 10.34659/eis.2023.85.2.553


https://doi.org/10.1016/j.agwat.2018.02.026
https://doi.org/10.1016/j.agwat.2018.02.026
https://doi.org/10.1016/j.wace.2014.03.006
https://climate.copernicus.eu/climate-bulletins
https://www.gwp.org/en/About/who/Country-Water-Partnerships/
https://www.gwp.org/en/About/who/Country-Water-Partnerships/
https://www.eea.europa.eu/publications/water-and
https://www.eea.europa.eu/publications/water-resources-across-europe-%20confronting
https://www.eea.europa.eu/publications/water-resources-across-europe-%20confronting
https://www.fao.org/aquastat/en/
https://www.fao.org/aquastat/en/

ECONOMICS AND ENVIRONMENT 2(85) + 2023 Studies and materials

292

Hinkel, ], Ward, P, Gomes Da Costa, H., De Rigo, D., Liberta’, G., Durrant, T., San-
Miguel-Ayanz, J., Barredo Cano, J., Mauri, A., Caudullo, G., Ceccherini, G., Beck, P,
Cescatti, A., Hristov, ]., Toreti, A., Perez Dominguez, 1., Dentener, F, Fellmann, T,
Elleby, C., Ceglar, A., Fumagalli, D., Niemeyer, S., Cerrani, [., Panarello, L., Bratu, M.,
Després, ., Szewczyk, W, Matei, N., Mulholland, E. & Olariaga-Guardiola, M.
(2020). Climate change impacts and adaptation in Europe, EUR 30180 EN. Publi-
cations Office of the European Union, Luxembourg. doi:10.2760/171121,
JRC119178.

Furdyna, A. (2020). Rolnictwo a zasoby wéd. Kilka faktéw na temat wody na ladzie
w odniesieniu do gospodarki rolnej. In R. Borek, A. Furdyna, A. MakowsKa, ]. Per-
zyna, M. Staniszewski, ]J. Zwolinski (Eds.), Woda w rolnictwie Ekspertyza (pp.
62-67). Warszawa: Polski Klub Ekologiczny Koto Miejskie w Gliwicach. (in Pol-
ish).

Gelati, E., Zajac, Z., Ceglar, A., Bassu, S, Bisselink, B., Adamovic, M., Bernhard, ]., Malagé,
A., Pastori, M., Bouraoui, F, & de Roo, A. (2020). Assessing groundwater irrigation
sustainability in the Euro-Mediterranean region with an integrated agro-hydro-
logic model. Adv. Sci. Res., 17, 227-253, https://doi.org/10.5194 /asr-17-227-
2020

Global Water Partnership (GWP). http://gwppl.org/index.php?id=o0-gwp

Institute of Meteorology and Water Management. (2020). Stop Suszy. https://stop-
suszy.imgw.pl/ (in Polish).

Kaca, E., Drabinski, A., Ostrowski, K., Pierzgalski, E., & Szafranski, Cz. (2011). Gosp-
odarowanie wodg w sektorze rolno-zywnos$ciowym i obszarach wiejskich
w warunkach nowych wyzwan i ograniczen. Polish Journal of Agronomy, 7,
14-21. (in Polish).

Kaca, E. (2015). Stan melioracji i gospodarowania woda w rolnictwie w skali kraju
i wojewddztw w $wietle danych MRiRW. In E. Kaca (Ed.), Rozwdj melioracji i gosp-
odarowania wodq w swietle wojewddzkich opracowari strategicznych (pp. 19-69).
Woda-Srodowisko-Obszary Wiejskie. Rozprawy naukowe i monografie, 38. (in
Polish).

Kaminski, R, Lewandowski, Z., Smytry, G., Sobczynski, T, & Zarudzki, R. (2021).
Lokalne Partnerstwa Wodne (LPW) w Wojewddztwie Kujawsko-Pomorskim.
Minikowo: Kujawsko-Pomorski Osrodek Doradztwa Rolniczego w Minikowie. (in
Polish).

Karaczun, Z. M. (2020). Polskie rolnictwo wobec zmiany klimatu. In R. Borek, A. Fur-
dyna, A. Makowska, ]. Perzyna, M. Staniszewski, & J. Zwolinski (Eds.), Woda w rol-
nictwie Ekspertyza (pp. 12-16). Warszawa: Polski Klub Ekologiczny Koto Miejskie
w Gliwicach. (in Polish).

Karaczun, Z. M., & Kozyra, . (2020). Wptyw zmiany klimatu na bezpieczenstwo zywn-
osciowe Polski. Warszawa: Wyd. SGGW, pp. 75-94. (in Polish).

Ktos, L. (2013a). Stan i funkcjonowanie urzadzen melioracji wodnych na obszarach
wiejskich. Ekonomia i Srodowisko, 3(46), 196-206. (in Polish).

Ktos, L. (2013b). System finansowania gospodarki wodnej w Polsce a wymogi
Ramowej Dyrektywy Wodnej Unii Europejskiej. Finanse, Rynki Finansowe,
Ubezpieczenia, Zeszyty Naukowe US, 57, 263-274. (in Polish).

Komunikat 01/2020 Interdyscyplinarnego Zespotu doradczego do spraw kryzysu
klimatycznego przy PAN na temat zmiany klimatu i gospodarki wodnej w Polsce.
(2020, June 12). http://www.ifispan.pl/komunikat-01-2020-interdyscyplinar-
nego-zespolu-do-spraw-Kkryzysu-klimatycznego-przy-prezesie-pan-na-temat-
zmiany-klimatu-i-gospodarki-wodnej-w-polsce (in Polish).

DOI: 10.34659/eis.2023.85.2.553


https://doi.org/10.5194/asr-17-227-2020
https://doi.org/10.5194/asr-17-227-2020
http://gwppl.org/index.php?id=o-gwp
https://stopsuszy.imgw.pl/
https://stopsuszy.imgw.pl/
http://www.ifispan.pl/komunikat-01-2020-interdyscyplinarnego-zespolu-do-spraw-kryzysu-klimatycznego-przy-prezesie-pan-na-temat-zmiany-klimatu-i-gospodarki-wodnej-w-polsce
http://www.ifispan.pl/komunikat-01-2020-interdyscyplinarnego-zespolu-do-spraw-kryzysu-klimatycznego-przy-prezesie-pan-na-temat-zmiany-klimatu-i-gospodarki-wodnej-w-polsce
http://www.ifispan.pl/komunikat-01-2020-interdyscyplinarnego-zespolu-do-spraw-kryzysu-klimatycznego-przy-prezesie-pan-na-temat-zmiany-klimatu-i-gospodarki-wodnej-w-polsce

ECONOMICS AND ENVIRONMENT 2(85) + 2023 Studies and materials

293

Kolasinska, K., & Wawer, R. (Eds.) (2020). Kodeks dobrych praktyk wodnych w rol-
nictwie. MRiRW w ramach PROW 2014-2020. (in Polish).

Kozyra, ]., Kré6t-Badziak, A., Zylowski, T, Koza, P, & Pudetko, R. (2020). Zmiany kli-
matu i ich wptyw na gospodarke wodng i rolnictwo. Konferencja Adaptacja gosp-
odarki wodnej w rolnictwie do zmieniajgcego sie klimatu, ITUNG-PIB, Putawy.
https://iung.pl/wp-content/uploads/2020/03 /kozyra.pdf (in Polish).

Margerum, R. D., & Robinson, C. J. (2015). Collaborative partnerships and the chal-
lenges for sustainable water management. Current Opinion in Environmental
Sustainability, 12, 53-58. https://doi.org/10.1016/j.cosust.2014.09.003

Michalak, D. (2020). Adapting to climate change and effective water management in
Polish agriculture - at the level of government institutions and farms. Ecohydro-
logy and Hydrobiology, 20(1), 134-141, https://doi.org/10.1016/j.ecohyd.2019.
12.004

Mioduszewski, W., Szymczak, T, & Kowalewski, Z. (2011). Gospodarka wodna jako
dyscyplina naukowa w stuzbie rolnictwa. Woda-Srodowisko-Obszary wiejskie.
Instytut Technologiczno-Przyrodniczy w Falentach, 11, 33(1). (in Polish).

Mosiej, J., Pierzgalski, E., & Jeznych, J. (2011). Wspétczesne uwarunkowania gosp-
odarowania woda w obszarach wiejskich. Postep Nauk Rolniczych, PAN, 1, 25-36.
(in Polish).

Mrozik, K., & Przybyta, Cz. (2013). An Attempt to Introduce Cultivation and Planning
Measures into the Decision-Making Process in Order to Improve Water-Retaining
Capacity of River Catchments. Polish Journal of Environmental Studies, 22(6),
1767-1773.

Mrozik, K. (2012). The Impact of Soil Cultivations Methods on Retention Capacity of
Kania River Basin. Wasserwirtschaft, 102 (1-2), 75-79.

Mrozik, K., & Idczak, P. (2017). The Capacity of ecosystem services in small water
retention measures. Economics and Environment, 62(3), 37-48.

Opania, S., & Gama Marques, P. (2021). Analysis of Water Retention Possibilities
Based on Programs, Strategies and Selected Projects in Poland, OP Conference
Series: Materials Science and Engineering. https://iopscience.iop.org/article/10
.1088/1757-899X/1203/3/032103/pdf

Postel, S., Polak, P, Gonzales, F, & Keller, ]. (2001). Drip irrigation for small farmers.
A new initiative to alleviate hunger and poverty. Water international, 26(1).

Prandecki, K., Gajos, E., & Jaroszewska, ]. (2018). Wykorzystanie wody w rolnictwie
polskim na tle krajéw UE. Gospodarka w Praktyce i Teorii, 3(52). https://doi.
org/10.18778/1429-3730.52.06 (in Polish).

Projekt KLIMADA. (2020, July 23). Scenariusze klimatyczne Polski w XXI wieku. Ten-
dencje zmian klimatu. https://klimadaZ2.ios.gov.pl/klimat-scenariusze/ (in Pol-
ish).

Raport Stop suszy! (2020). pp. 1-40.https://www.wody.gov.pl/attachments/arti-
cle/1875/Raport%20Stop%20Suszy%20Wody%20Polskie_0d%20suszy%20
50-lecia%20do%20wzrostu%?20retencji.pdf (in Polish).

Raport Miedzynarodowego Panelu do spraw Zmian Klimatu (IPCC). (2019). fapa.org.
pl (in Polish).

Raport 1 Grupy Roboczej IPCC. (2021). https://www.ipcc.ch/report/sixth-assess-
ment-report-working-group-i/ (in Polish).

Raport IPCC. (2021). Ludzkos$¢ zmienita system klimatyczny. Teraz liczy sie kazdy pro-
mil ocieplenia. teraz-srodowisko.pl (in Polish).

Report Un World Water Development. (2022). UN-Woda. unwater.org

DOI: 10.34659/eis.2023.85.2.553


https://doi.org/10.1016/j.cosust.2014.09.003
https://doi.org/10.1016/j.ecohyd.2019.12.004
https://doi.org/10.1016/j.ecohyd.2019.12.004
https://doi.org/10.18778/1429-3730.52.06
https://doi.org/10.18778/1429-3730.52.06
https://klimada2.ios.gov.pl/klimat-scenariusze/

ECONOMICS AND ENVIRONMENT 2(85) + 2023 Studies and materials

294

Rouillard, J. (2020). Tracing the impact of agricultural policies on irrigation water
demand and groundwater extraction in France. In J.-D. Rinaudo et al. (Eds.), Sus-
tainable groundwater management (pp. 461-479). Springer International Pub-
lishing, Cham, Switzerland.

Savari, M., Abdeshabhi, A,, Gharechaee, H., & Nassrollahian, O. (2021). Explaining farm-
ers response to water crisis through theory of the norm activation model: Evi-
dence from Iran. International Journal of Disaster Risk Reducation, 60, 102284.
https://doi.org/10.1016/j.ijdrr.2021.102284

Stanczuk-Gatwiaczek, M., Sobolewska-Mikulska, K., Ritzema, H., & van Loon-Steensma,
J. M. (2018). Integration of water management and land consolidation in rural
areas to adapt to climate change: Experiences from Poland and the Netherlands.
Land Use Police, 77,489-511, https://doi.org/10.1016/j.landusepol.2018.06.005

Statistics Poland. (2020). https://raportsdg.stat.gov.pl/2020/cel6.html (in Polish).

Statistics Poland. (2021). https://stat.gov.pl/ obszary-tematyczne/rolnictwo-les-
nictwo/ (in Polish).

Szymczak, T. (2014). Hydrologiczne uwarunkowania rozwoju melioracji. In E. Kaca
(Ed.), Uwarunkowania rozwoju melioracji wodnych w Polsce (pp. 53-85). Woda-
Srodowisko-Obszary Wiejskie. Rozprawy naukowe i monografie, 37. (in Polish).

Thier, A. (2020). Ocena stanu zasobéw wodnych i analiza naktadéw gospodarczych
na zaopatrzenie w wode w Polsce na tle krajéw Europejskich. In T. Walczykiew-
icz (Eds.), Wspétczesne gospodarki wodnej w kontekscie zagospodarowania
przestrzennego (pp. 9-26). Warszawa: IMiGW PIB. (in Polish).

Treder, W, Szymczak, T., & Wawer, R. (2021). Raport koricowy z pilotazu tworzenia
Lokalnych Partnerstw ds. Wody (LPW). Centrum Doradztwa Rolniczego w Brwi-
nowie. (in Polish).

Wada, Y, Florke, M., Hanasaki, N., Eisner, S., Fischer, G., Tramberend, S., Satoh, Y., van
Vliet, M. T. H,, Yillia, P, Ringler, C,, Burek, P, & Wiberg, D. (2016). Modeling global
water use for the 21st century: the Water Futures and Solutions (WFaS) initiative
and its approaches. Geosci. Model Dev,, 9, 175-222. https://doi.org/10.5194/
gmd-9-175-2016

Walczykiewicz, T. (Ed.). (2020). Wspdtczesne problemy gospodarki wodnej w konteks-
cie zagospodarowania przestrzennego. Warszawa: IMiGW, PIB. (in Polish).

Water resources in the world. https://www.ekonsument.pl/a67237_zasoby_wody_
pitnej_na_swiecie_html

Wawer, R., & Kozyra, |. (Eds.). (2021). Metody ochrony i racjonalnej gospodarki wodnej
w rolnictwie i na obszarach wiejskich. Fundacja na Rzecz Rozwoju Polskiego Rol-
nictwa. https://www.fdpa.org.pl/uploads/downloader/Woda.pdf (in Polish).

Wawer, R., Matyka, M., Lopatka, A., & Kozyra, ]. (2016). Systemy wspomagania decyzji
w nawodnieniach upraw rolniczych. In Innowacyjne metody gospodarowania
zasobami wody w rolnictwie (pp. 165-182). Brwinowo: Wyd. CDR w Brwinowie.
(in Polish).

Wawer, R. (2020). Gospodarowanie wodg w rolnictwie w zmieniajgcym sie klimacie.
Perspektywa przejscia na rolnictwo nawadniane a sprawiedliwe i zréwnowazone
korzystanie z wéd w $wietle rozwigzan hiszpanskich i postepu w informatyce.
Polish Journal of Agronomy. 41, 38-48. https://doi.org/10.26114 /pja.iung.424.
2020.41.05 (in Polish).

West Pomeranian Voivodeship in numbers. (2020). http://szczecin.stat.gov.pl/en/
publications/folders/ (in Polish).

World Population 2023. ONZ. (2023). World Population Dashboard (unfpa.org)

DOI: 10.34659/eis.2023.85.2.553


https://doi.org/10.1016/j.ijdrr.2021.102284
https://doi.org/10.1016/j.landusepol.2018.06.005
https://raportsdg.stat.gov.pl/2020/cel6.html
https://stat.gov.pl/
https://doi.org/10.5194/gmd-9-175-2016
https://doi.org/10.5194/gmd-9-175-2016
https://www.ekonsument.pl/a67237_zasoby_wody_pitnej_na_swiecie_.html
https://www.ekonsument.pl/a67237_zasoby_wody_pitnej_na_swiecie_.html
https://www.fdpa.org.pl/uploads/downloader/Woda.pdf
https://doi.org/10.26114/pja.iung.424.2020.41.05
https://doi.org/10.26114/pja.iung.424.2020.41.05
http://szczecin.stat.gov.pl/en/publications/folders/
http://szczecin.stat.gov.pl/en/publications/folders/
https://www.unfpa.org/data/world-population-dashboard

ECONOMICS AND ENVIRONMENT 2(85) + 2023 Studies and materials 29 5

Wytyczne techniczne dotyczace stosowania zasady ,nie czyn powaznych szkdd” na
podstawie rozporzadzenia ustanawiajacego instrument na rzecz odbudowy
i zwiekszenia odpornosci (DZ.U.UE.C. 2021.58.1). (in Polish).

DOI: 10.34659/eis.2023.85.2.553



	_GoBack
	_gjdgxs
	_Hlk139988393
	_Hlk120532268
	_Hlk120532339
	_Hlk120532427
	_Hlk121935729
	_Hlk121935745
	_Hlk121935765
	_Hlk121935800
	_Hlk120527713
	_Hlk119938623
	_Hlk120531650
	_GoBack
	_Hlk140764491
	_Hlk121856851
	_Hlk140763351
	_Hlk140763154
	_Hlk140765006
	_Hlk140764618
	_GoBack
	_Hlk137728171
	_Hlk137726811
	_Hlk137063847
	_Hlk137730162
	_Hlk137065863
	_Hlk137063808
	_Hlk119434076
	_Hlk119433546
	_Hlk119433763
	_GoBack
	_Hlk139972654
	_GoBack
	_Hlk137050753
	_Hlk137050268
	_Hlk137051047
	_GoBack

