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The article examines the impact of climate change on the efficiency of crop
cultivation in the Rivne region, which serves as a representative area for studying
adaptation processes in the context of changing climatic conditions in north-
western Ukraine. It has been established that an increase in average annual
temperatures, a decrease in uniform precipitation, and more frequent droughts
significantly affect the yield of major crops and cause their spatial differentiation.
The study includes a spatial analysis of agricultural production, an assessment of
climate-related risks in the administrative districts of the region, and the
identification of regional differences in the impact of climatic factors. The
effectiveness of growing various crops in the new climatic conditions was
assessed. The results indicate the need to adjust the crop structure in favour of
more adaptive and profitable crops, such as potatoes, corn, open-field vegetables,
and fruit and berry crops. An optimised crop structure adapted to the current
agroclimatic conditions of the region is proposed. The study uses an
interdisciplinary approach that combines agroclimatic analysis, economic
assessment and spatial modelling.

The results obtained can be used to develop strategies for adapting the

agricultural sector to climate change, ensuring food security and increasing the
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economic sustainability of agricultural production in the Rivne region and similar

regions of Ukraine.
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Problem statement. Climate change has become a global issue in recent
decades, significantly affecting various areas of economic activity, particularly
agriculture. Ukraine, as one of Europe's leading agricultural countries, is
particularly vulnerable to climate change, which manifests itself in changes in
temperature, moisture deficiency, an increase in the frequency of extreme
weather events and soil degradation. These factors directly affect the productivity
of agricultural land and, accordingly, the economic efficiency of its use.

At present, Ukraine's agricultural sector is not highly vulnerable to the
effects of climate change. At the same time, changing weather conditions,
combined with other negative effects of human activity, may lead to an expansion
of areas of risky farming and increased desertification in the southern regions of
Ukraine.

Over the past decades, intense climate change has led to significant
transformations in the structure of agricultural production, particularly in the
distribution of areas planted with cereals and legumes. It should be noted that the
dynamics of yields of major crops in recent decades have been uneven: while in
the Forest-Steppe and Polissya regions the average yield of cereals and legumes
has increased by 46—61% compared to 1990, in the Steppe, on the contrary, a 10%
decrease has been recorded. Similar changes have been observed in the
productivity of other major crops. Overall, the general increase in the yield of
cereals and legumes in Ukraine has occurred mainly in regions with better
moisture conditions — Polissya and the Forest-Steppe. [2,4,7,8]

Analysis of statistical data shows that in the Steppe zone, where 46% of

grain crops are concentrated, only 35% of total grain production is currently



generated, which is a significant decrease compared to 45% in 1990. The average
grain yield in this zone during 2013—2017 was 32.2 centners per hectare, while in
1990 this figure was 35.8 centners per hectare, despite an overall increase in grain
crop yields in Ukraine of 21%. [4,6,7,8]

Accordingly, it can be stated that ensuring stable economic efficiency in the
agricultural sector under conditions of climate change requires the introduction
of new approaches to land use, the use of adaptive technologies, changes in crop
structure and strategic planning based on forecast scenarios. Assessing efficiency
under new conditions is becoming an important tool for justifying decisions
aimed at increasing the sustainability of agricultural production and maintaining
food security.

Despite numerous scientific studies in the field of agricultural production
and climate change, Ukraine still needs regionally oriented assessments that
would take into account the specifics of different natural and climatic zones,
especially those such as Polissya and Lisostep, where changes are manifested
unevenly. In this regard, the Rivne region was selected as a representative region
for the study.

Analysis of recent studies and publications. Recent studies and analytical
materials unanimously indicate that climate change is already significantly
affecting the efficiency of crop cultivation in various regions of the world. Rising
average temperatures, changing precipitation patterns, frequent droughts and
extreme weather events are reducing the yields of major crops such as corn,
wheat, soybeans and rice. It has been established that a one-degree Celsius
increase in temperature reduces crop yields by an average of 5-8%, posing a
serious threat to global food security. [1]

The article by Rosenzweig et al. (2013) presents the concept and initial
results of the international AgMIP (Agricultural Model Intercomparison and
Improvement Project) project, which aims to improve the prediction of the impact

of climate change on agriculture. The authors developed uniform protocols for



comparing crop yield models for different climate scenarios and emphasised the
importance of an interdisciplinary approach, which will allow for more accurate
assessment of food risks and the development of adaptation strategies for
different regions of the world. [5]

A study by Moore, Baldos, Hertel and Diaz (2017) analysed scientific data
on the impact of climate change on agriculture and argued that traditional
estimates underestimate the scale of economic losses. The results of the study
point to the need to review climate policy, taking into account more realistic
economic consequences for the agricultural sector. [3]

Publications by Ukrainian scientists also indicate growing attention to the
problem of the impact of climate change on agricultural production efficiency.
The ‘Methodology for forecasting the impact of climate change on the
productivity of agroecosystems’ developed by the Institute of Agroecology and
Nature Management of the National Academy of Agrarian Sciences of Ukraine
presents a practical approach to assessing changes in crop productivity using
remote sensing and agroclimatic indicators. In particular, emphasis is placed on
the use of the NDVI index and effective temperature sums to forecast crop yields
under climate change conditions, which allows for a timely response to potential
risks. [8]

A comprehensive analysis of the economic consequences of climate change
for Ukraine's agricultural sector is presented in the ‘Report on Climate and
Development in Ukraine: Agriculture,” published by the Kyiv School of
Economics. [7]

The document provides an assessment of the risks associated with changing
climatic conditions and offers recommendations for adaptation, including the
development of irrigated agriculture, the introduction of climate-resistant crop
varieties, and support for farms in conditions of increased climatic instability.
Particular attention is paid to the economic assessment of losses and the need for

investment in improving the sustainability of agricultural production. [7]



Research objective. The objective of the research is to identify potential
climate threats to agriculture in the Rivne region and to justify ways of adapting
agricultural production to new climatic conditions.

Materials and methods of scientific research. The methodological basis
of the study is based on an interdisciplinary approach that combines agroclimatic
analysis, economic assessment, spatial modelling, and statistical interpretation of
data. This set of methods allows us to assess both the direct and indirect impact
of climate change on the efficiency of crop cultivation in the Rivne region.
Agroclimatic analysis was used to study long-term series of air temperature,
precipitation, frequency of droughts and extreme weather events. Modelling
methods were used to identify spatial differentiation of climate risks, analyse
areas of increased aridity and waterlogging, and assess the suitability of crop
structures to natural and climatic conditions. Analytical and comparative methods
were used to summarise data from official statistics, international studies and
scientific reports.

Research results and discussion. Climate change is becoming one of the
main factors affecting agriculture in Eastern Europe, particularly in Ukraine. In
the Rivne region, which is traditionally characterised by a temperate continental
humid climate, the last few decades have seen significant climatic changes.
Rising temperatures, irregular rainfall and longer periods of drought are changing
the agricultural landscape of the region. Awareness of these impacts is important
for the development of adaptation strategies aimed at maintaining the
productivity of the agricultural sector and ensuring food security.

The territory of Rivne Region covers 2,005,100 hectares, of which 46.2% is
agricultural land (926,200 hectares), including 658,000 hectares of arable land,
which accounts for 70.8% of the total agricultural area. Forests and wooded areas
cover 805.8 thousand hectares, which is 40.2% of the total area, water bodies

cover 43.2 thousand hectares (2.2%), open wetlands cover 106.6 thousand



hectares (5.3%), built-up areas — 59.6 thousand hectares (3.0%), other categories
of land — 31.8 thousand hectares (1.6%). [6]

The region's agricultural sector specialises mainly in the cultivation of
cereals and legumes, industrial crops (in particular sugar beet, rapeseed,
sunflower), potatoes and vegetables, as well as in the production of livestock
products, in particular meat, milk and eggs.

In the structure of gross agricultural production of all categories of farms,
crop production prevails, accounting for 68.5%, while livestock production
accounts for 31.5%. (Table 1).

Table 1

Structure of agricultural production by administrative districts of

Rivne Region (2023) [6]

Administrative District
Grain area (thousands of hectares)
Grain yield
(centimeters per hectare)
Industrial crop area (thousands of
hectares)

Industrial crop yield
(centimeters per hectare)
Potato area (thousands of
hectares)

Potato yield
(centimeters per hectare)
Vegetable area (thousands of
hectares)

Vegetable yield
(centimeters per hectare)

Dubno 85.0142.5 [22.0 |30.5 8.0 140.0 2.0 |170.0
Rivne 80.0 [41.0 |[185 [29.0 12.0 135.0 |3.5 |175.0
Sarny 45.0136.5 |75 25.0 18.0 130.0 | 2.0 |165.0
Varash 25.0[32.0 |48 22.0 15.0 120.0 | 1.5 ]160.0

An analysis of the structure of agricultural production indicates the existence
of regional specialisation in agricultural production in the Rivne region.
Accordingly, the Dubno and Rivne districts are distinguished by the largest areas

of grain and industrial crop cultivation, which is due to favourable agroclimatic



conditions and soil fertility. In the Sarny and Varash districts, there is a
predominance of potato and vegetable cultivation due to the characteristics of the
soil and climate.

Over the past three decades, there has been a gradual increase in the average
annual air temperature in the Rivne region. This trend is consistent with the
general climate changes observed in the northern and north-western regions of
Ukraine. [6,10] Climate change, in particular the rise in air temperature and the
increase in the duration of dry periods, has a significant impact on agriculture.
This impact manifests itself in reduced crop yields, shifts in agroclimatic zones,
and an increased risk of simultaneous crop failures in the region. This necessitates
the adaptation of agricultural technologies and the implementation of soil
moisture conservation measures, especially in the central and southern parts of
the region. There has also been a decrease in evenly distributed precipitation
during the growing season and an increase in the frequency of droughts. Periods
of prolonged drought have become more frequent, especially in the spring and
summer months, which is critical for crops such as corn, soybeans and winter
wheat. Between 1990 and 2023, the average annual temperature in the region
increased by approximately 1.2°C. The amount of summer precipitation
decreased by 6—8%, while the amount of extreme precipitation in the spring and
autumn increased. Droughts are now recorded once every 3—4 years. [6,10] Thus,
the identified climate trends indicate the need to adapt the agricultural sector of
the Rivne region to new temperature and hydrothermal conditions in order to
maintain the productivity of agroecosystems and the economic sustainability of
farms.

Accordingly, a spatial analysis of agricultural production and climatic
influences in the Rivne region was carried out by administrative districts, each of
which has different climatic, soil and socio-economic characteristics that
determine the specifics of agricultural production. In particular, it was established

that the Rivne district is the most economically promising for the development of



crop production (especially corn, potatoes, and vegetables). The problem is the
risk of summer droughts and the need to introduce moisture conservation
technologies. Sarny district: there are areas with high levels of natural moisture,
and the priority is the development of crops that are resistant to waterlogging (rye,
perennial grasses). The prospect is agroforestry and the development of livestock
farming. Dubno district: an area of intensive agriculture, but with a growing threat
of summer droughts. Prospects — development of drought-resistant crops (corn,
soybeans) and the use of minimum tillage technologies. Varash district: mainly
forested areas, agriculture is of limited importance. It is recommended to preserve
natural ecosystems, develop ecological production and organic farming on small

areas. (Table 2.)
Table 2.

Spatial characteristics of agricultural production and climate risks in

administrative districts of Rivne Region

Administrative | Main areas of Climatic features Main risks due
District economic to climate
activity change
Dubno Growing of The climate is Moisture
cereals, corn, favorable, with less | deficiency in the
livestock precipitation second half of

compared to the north | summer, heat
of the region

Rivne Crop production | Temperate continental Summer
(cereals, climate, sufficient droughts, local
potatoes, rainfall, risk of dry showers, risk of

vegetables), summers soil erosion
dairy farming

Sarny Forestry, partly | Increased humidity, | Overwatering of

agriculture (rye, high level of soils, risk of
potatoes). waterlogging crop loss in rainy

years.




Varash Forestry, little The greatest Increased risk of
agricultural land | waterlogging, low flooding,
density of agricultural instability of
production agricultural
production

Climate change is already affecting agriculture in the Rivne region,
particularly the yield and economic efficiency of growing major crops. According
to World Bank data, in the northern and north-western regions of Ukraine, which
include Rivne, winter wheat yields are expected to increase by 20—-40% by 2050
compared to 2010, due to higher temperatures and increased precipitation. [9]
However, these positive changes may be accompanied by increased risks, such
as more frequent droughts, extreme weather events and changes in typical
vegetation, which in turn may negatively affect other crops, particularly maize
and soybeans, which are sensitive to water shortages. With this in mind, the
effectiveness of crop cultivation in the Rivne region under conditions of climate

change was assessed.

Table 3

Effectiveness of crop cultivation in the Rivne region under conditions of

climate change

Crop Current Climate Area Comment
profitability | change | recommendation
resilience
Fruitand | Very high High Expand areas High profitability,
berry adaptability
Ccrops
Open- Very high High Expand areas Maintains yield
field under new
vegetables conditions
Potatoes High High Save / slightly Requires moisture
expand control




Corn High High Maintain / Resistance to
expand temperature
increases
Rapeseed | Average Medium Optimize Requires better water
technologies management
Soybeans | Average Medium Optimize Requires drought-
technologies resistant varieties
Wheat Below Medium Save with Possible losses
average technological without technology
optimization adaptation
Barley Low Low Reduce areas High risks of
economic losses
Sunflower Low Low Reduce areas Sensitivity to
summer droughts

Based on the analysis of the effectiveness of crop cultivation in the Rivne region under

conditions of climate change, an optimised crop structure has been proposed (Table 4).

Table 4

Optimal crop structure in the Rivne region under conditions of climate

change
Agricultural crops Share in the structure of
crops (%)

Fruit and berry crops 15-20%

Outdoor vegetables 10-15%

Potatoes 20-25%

Corn 20-25%

Winter wheat, soybeans, rapeseed 15-20%

Barley and sunflower <5%

Conclusions. Ensuring the stability of agricultural production in the context
of climate change requires a systematic approach that combines agroclimatic
monitoring, regional specifics, the use of climate-resistant varieties, rational
water resource management, and the development of adaptive technologies.
Climate change is having an increasingly significant impact on agricultural

production in the Rivne region, causing both direct and indirect consequences for



agriculture. Rivne region, which has a predominantly temperate continental
climate, has become characterised by unstable weather conditions, frequent
spring and autumn frosts, increased summer droughts and periods of abnormal
heat. Excessive precipitation in the northern districts of the region (Varash,
Sarny) causes flooding of lowlands, swamping, erosion of slopes and ravines,
and, as a result of heavy rains, soil erosion. In the southern part of the region
(Rivne and Dubno districts), droughts are becoming more frequent, leading to a
decline in the yield of grain and fodder crops. It is also worth noting that climate
change affects the water balance and availability of water resources, which is
particularly noticeable in small river basins (Goryn, Styr, Sluch, Ubor). The water
supply of farms, especially those operating on reclaimed land in Polissya,
depends on the intensity of precipitation and the level of surface runoff.
Therefore, potential climate threats to agriculture in the region include: an
increase in the average annual air temperature and an increase in the number of
days with temperatures above +30°C; an increase in the frequency of droughts,
especially in the eastern and southern parts of the region; an increase in the
number of extreme precipitation events, leading to flooding and erosion of arable
land; an increased risk of forest and peatland fires in northern Polissya;
favourable conditions for the spread of pests and diseases affecting agricultural
crops. Climate change is already leading to changes in land use patterns. The
region is seeing a trend towards a reduction in the area under traditional fodder
crops and an increase in the cultivation of industrial crops (rapeseed, soybeans)
and cereal crops that are more resistant to drought. In contrast, in the northern
areas, where there is still excess moisture, the role of land reclamation systems
and drainage infrastructure is increasing. Higher temperatures may cause a shift
in agroclimatic zones: part of the region may move from the Polissya to the
Forest-Steppe zone, opening up opportunities for growing more heat-loving crops
(maize, soybeans, winter wheat). However, this requires the adaptation of

cultivation technologies, the renewal of varieties and the strengthening of



agricultural reclamation measures. Along with the risks, climate change also
creates new opportunities for the agricultural sector in Rivne region.

Extending the growing season will help increase crop yields and enable the
introduction of new varieties and crops. In northern regions, there are growing
prospects for the development of berry farming (blueberries, blackberries,
cranberries), organic farming, and the production of environmentally friendly
products. At the same time, it is important to develop innovative irrigation and
water conservation systems, digital soil moisture monitoring, and the use of
adapted minimum tillage technologies. Such measures will contribute to food
security, economic efficiency, and the environmental sustainability of
agroecosystems in the Rivne region.
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LIL.KynpissH4uK.

Bruiue  3mMiHM  KJIIMaTy Ha  e()eKTUBHICTL  BHPOILIYBAHHS
CUIBCHKOTOCIOAAPCHKHUX KYJIbTYP Y PiBHeHCHKII 001acTi

VY crarTi AOCHIAKEHO BIUIMB 3MIHU KIIIMaTy Ha €()eKTUBHICTh BUPOLYBaHHS
CLTbCHKOTOCTIONIAPCHKUX KYJBTYp y PIBHEHCHKIHM 00J1aCTi, TEPUTOPIS SIKOT CIYyTY€E
peNpe3eHTaTUBHUM HANpsSIMOM JJIs BUBUEHHS a/IallTalllfHUX MPOLIECIB B yMOBax
3MIHM KJIIMaTUYHUX YMOB Ha MIBHIYHOMY 3axoil YkpaiHu. BcraHoBieHo, 110
MIBUIIEHHS CEPEAHBOPIYHUX TEMIEPATypP, 3MEHIIICHHS PIBHOMIPHOI KITHKOCTI
OMajiiB, MOYACTIIIAHHA MOCYX CYTTEBO BIUIMBAIOTH HA BPOXKANHICTh OCHOBHHUX
CUIbCHKOTOCTIOAAPCHKUX ~ KYJIbTyp 1  OOYMOBIIOIOTH  iX  MPOCTOPOBY
nudepeHItiaIio. JocmimxeHHs BKJIIOYAE POCTOPOBHUIA aHai3

CUIBCBKOTOCTIOAPCHKOTO  BUPOOHUITBA, OLIHKY PHU3UKIB, TMOB'S3aHUX 3
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KJIIMaTOM, B aJMIHICTPAaTUBHMX pallOHaX pETioOHy, a TaKOoXX BHSIBJICHHS
perioHaNbHUX BIAMIHHOCTEH y BIUIMBI KiliMaTHuHUX (akTopiB. byna nposenena
OIliHKa €(DEKTUBHOCTI BUPOITYBaHHS PI3HUX CLIBLCHKOTOCIOAAPCHKUX KYJIBTYP B
HOBUX KJIIMaTHYHUX yMoOBax. Pe3ynbraTé cBiguath NIpO HEOOXIJIHICTH
KOPUTYBAaHHS CTPYKTYpH TIOCIBIB Ha KOPHUCTh OUIBII aJanTHBHUX Ta
peHTa0eNbHUX KYJbTYp, TaKUX SIK KapTOIUIA, KYKypyA3a, OBOYl BIJIKPUTOTO
IPYHTY Ta IUIOJA0BO-ATIAHI KyJIBTYpH. 3alIPOIIOHOBAHO ONTUMI30BaHy CTPYKTYPY
MOCIBHUX IUIONI, aJafTOBaHy J0 Cy4aCHUX arpOoKJIIMaTUYHUX YMOB PETiOHYy. Y
JOCITIDKEHHI BUKOPHUCTOBYETHCS MDKIWCHUIUTIHAPHUN TIAXiA, SKANW TOETHYE
arpoKJIIMaTUYHUM aHali3, EKOHOMIYHY OLIHKY Ta MPOCTOPOBE MOJIETIOBAHHS.
OTpumaHi pe3yibTaTH MOXYTh OyTH BUKOPHUCTaH1 ISl pO3pOOKH CTpaTeriii
ajanTarlii arpapHoro CEKTOpy 10 3MIHM KJIiMaTy, 3a0€3MeUYeHHs] TTPOJ0BOIbYOL
O€3MeK’ Ta IIJIBUIIECHHS EKOHOMIYHOi CTIMKOCTI CUIbCHKOTOCIOAAPCHKOTO
BUpOOHHUIITBA B PIBHEHCHKII 00J1aCTI Ta aHAJIOTTYHUX PETrioHax Y KpaiHu.
KurouoBi cioBa: 3MmiHa KiiMmaTy, CUIbCBKE TOCIOAAPCTBO, €KOHOMIYHA
e(eKTUBHICTb, BPOKANHICTh CUTCHKOTOCTIOIAPCHKHUX KYJIBTYP, arpOKIIMaTHYH1

PHU3HKH, CIBO3MIHA, MPOIOBOJIbYA Oe3MeKa.



