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SCOPE AND PURPOSE

The summary report on the assessment of risks and vulnerabilities of agriculture
climate change (hereinafter referred to as the Report) contains an analysis of thefimpa
climatechangeon the development of agriculture, an assessment of threats and risks at
regional (zonal) and local levels, as well as an assessment of sensitivity and vulnerab
particularly in the areas of crggoduction and animal husbandiithin the agricultural
sectors, the nature of the risks and their potential ingsaaisclosed, and recommendations
and adaptation measures are presented.

These measures are dynamic and may be supplemented in the event of a repeat ris
vulnerability assessment, as well as based on the results of identified changes, both po:
and negative, during the assessment of the impact of climate change dtuagrcUkraine.

The assessment of risks and vulnerabilities of agriculture to climate change and
preparation of a summary report were carried out in accordance with paragraph waf part
of Article 13 of the Law of Ukraine "On the Fundamentals of State Climate Policy" ar
paragraph 22 of Goal 3 "Adaptation to climate change, increasing resilience and redu
risks associated with climate change" of the Operational Plan of Measures for
Implementation of the 2022026 of the Strategy for the Formation and Implditen of
State Policy in the Field of Climate Changetfwe Period until 2035, approvéegt Order of
the Cabinet of Ministers of Ukraine No. 488f 30 May 2024.

The report contains key provisions reflecting the results of the analysis of the impac
climate change on agriculture, as well as approaches to assessing vulnerability, risks
adaptation solutions:

- identification of potential climate threats and risks and their possible consequences
plant growth and development, crop yields, animal health and resource availability;

- assessment of future climate threats based on climate scenarios with moderate (
4.5) and intense (RCP® warming;

- assessments of the vulnerability a@bp production and animal husbandry sec¢tors
taking into account regional differences in the formation of climate risks and loc
environmental and economic factors;

- approaches to quantitative analysis of the impact of climate change on the producti\
resilience an@daptive capacity of the agricultural sector;

- recommendations and measures for adaptation and mitigation of negative impa
increasing resilience and strengthening the adaptive capacity ehdgstrial production to
climatechange

The terms and definitions used in the Report are defined by the laws of Ukraitie and
legal andregulatory acts in the field of climate change (state climate policy), environmen
protection, ecology and animal husbandry.
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1. INTRODUCTION

Agriculture in Ukraine is traditionally based on two leading subsectoop
productiorandanimal husbandryOfficial statistics from the State Statistics Service show
that in 2023¢ropproductioraccounted for 81.1%f gross agricultural output (in constant
2021 prices), whilanimal husbandrgiccounted fol89%.

Global and regional climate change is already affecting production conditions
agriculture, as over the past six decades, the average temperature in Ukraine has ris
040.6 AC per decade, and hot days,redr
becoming more frequent, especially in the south and east of the éoumtrythe
agricultural sector, this leads to lower productivity, deterioration of soil water balance a
increased risk of erosion, which causes fluctuations in crop yields and directly affects
export potential and incomes of farmers. That is thieyStrategy for the Formation and
Implementation of State Policy in the Field of Climate Change @685 and its
operational plan fo2024 2026 approved by the CMU order of 30 Mag24 4833
, require all sectors of the economy, and above all the agricultural sector, to start wi
comprehensive assessment of risks and vulnerabilities as a starting point for plant
adaptation measures to climate change.

The first thorough assessment of the impact of climate change on the agricultt
sector was provided in the World Bank report "Ukraine: Building Climate Resilience
Agriculture and Forestry" (202,)which used the same EHBDRDEX/CMIP5 regional
climate projections as this study. However, its focus was limited to the biophysical imp
of temperature and precipitation on the yield of five key crops. In particular, under t
RCP 8.5 scenario, avemyield declinesf -23% and21%were modelled fomaize and
sunflowerby 2050, while wheat showed growth potential. Biophysical modelling base
on daily data on temperature and relative humidity, precipitation and wind speed un
two scenarios also showed that, provided adaptation measures are implemente
particular opitmal irrigation, the total value of the five cropsnsidered could increase by
29%by 2030 andby 56% by 2050 compared 2010.

At the same time, the World Bank report did not apply the recently publishe
methodological approaches of the Intergovernmental Panel on Climate Change (IP
2022) to assess climate risks and vulnerability based on Climatic Impact Drivers (ClI|
and theréore did not consider comprehensivazardcategories and extreme indicators
(heat waves, droughts, heavy rainfall, strong winds, etc.) in order to plan specific type:

! https://www.ukrstat.gov.ua/druk/publicat/kat_u/2023/zb/11/year 23_e.pdf

2 https://www.climatecentre.org/wpontent/uploads/RCGECRC-Country-profiles Ukraine. pdf
3https://www.kmu.gowa/npas/preskhvalennisstratehiiformuvanniata-realizatsiiderzhavnoipolityky-u-sferi-zminy-
klimatu-na-periodt300524

4https://documents.worldbardtg/en/publication/documents-
reports/documentdetail/893671643276478711/ukraine-building-climate-resilience-in-agriculture-and-forestry



https://www.ukrstat.gov.ua/druk/publicat/kat_u/2023/zb/11/year_23_e.pdf
https://www.climatecentre.org/wp-content/uploads/RCCC-ICRC-Country-profiles-Ukraine.pdf
https://www.kmu.gov.ua/npas/pro-skhvalennia-stratehii-formuvannia-ta-realizatsii-derzhavnoi-polityky-u-sferi-zminy-klimatu-na-period-t300524
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/893671643276478711/ukraine-building-climate-resilience-in-agriculture-and-forestry
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adaptation measures. Therefore, the current document logically continues the prev
work, integrating the CID methodology of the IPCC and extending the analysis tc
complete climate risk formula and vulnerability index, taking into account the seawnsitivi
of the two main sectors of agriculture, namaiyp productionandanimal husbandryto
each of the 32 IDs in five main categories: heat and ceWétanddry, snow, wind and
coastal.

Crop production is one of the main elements of agriculture in Ukraine. It shape
food, economic, environmental and energy security, ensures the development
technologically related industries, and provides the seoomomic foundations for the
development of the cougtand individual territories. In Ukraine, the agricultural sector
accounts for an average of 16% of GDP and about 40% of export earnings. For exan
in 2021, Ukraine harvested more than 1@dillion tonnesof grain, industrial and
leguminous crops. Accairth to the results of the harvest of crops such as corn, winte
wheat, sunflower, barley and rapeseed, Ukraine accounted for between 3.5% (corn)
30.5% (sunflower) of global production, allowing the country to consistently rank amot
the top 10 globalborters of these produéts

After thefull-scaleinvasion of Russian troops into Ukraine in February 2022, the
volume of cultivation of major agricultural crops was significantly reduced. As a result
military operations in the south and east of Ukraine, sowing areas in the Donetsk, Kher:
Luhansk ad Zaporizhzhia regions were not sown. Almost all regions were forced 1
reduce their sowing areas compared to 2021, with the largest reductions in the Myko
and Kharkiv regions, namely 1.5 and 2.15 times, respectively. At the isag¢hie area
under cultivation in the west of the country increased by almost 30%. However, as th
areas are relatively small, this increase did not have a significant impact on the total g
harvest.

In 2023, there was a general trend towards a reduction in barley acreage of betw
3% and 34% compared to 2021. This estimate does not take into account data for
Kherson region, where the occupation led to @08 reduction in acreage. At the same
time, in the west of the country, mainly in the Khmelnytskyi and Chernivtsi regions, the
was an increase in the area under cultivation: compared to 2021, the increase ranged
12% to almost 40%. However, their share in the gross harvest remaindicasignin
2024, it was possible to stabilise the production of major crops, and for some of therr
particular soybeans, a significant increase was achieved.

Despite the military actions in the south and east of the country, Ukraine rema
one of the key produceo$ agricultural products in the wofldAccording tathe results of
2024, Ukraine's share in the global production of sunflower, rapeseed, barley, wheat

5 https://www.fas.usda.gov/sites/default/files/2022UkraineFactsheefpril2022.pdf
6 https://www.statista.com/statistics/1379651/ukragtebalagriculturatproductionshareby-product/



https://www.fas.usda.gov/sites/default/files/2022-04/Ukraine-Factsheet-April2022.pdf
https://www.statista.com/statistics/1379651/ukraine-global-agricultural-production-share-by-product/
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corn was 24.7%, 4.2%, 3.7%, 2.8% and 2.2%, respectively. Thus, Ukrainian agricultt
andcrop productionin particular, plays a significant role in ensuring both the economis
stability of the state and regional and global food security.

The structure of agricultural production in Ukraine by crop ggef 2021 was as
follows: 262% 1 cereals and legumes; industrial crog2.5%;1% 1 vegetables; up to
4%7 fruit and fodder crops. This distribution was determined by both the availability «
natural resources and demand on the international market. Grain cultivation occupic
leading position ircrop production Grain crops in Ukraine occugbi 50% of the total
sown area. In terms of acreage, the main grain crops are wheat, rye,, thiéidale oats,
millet, corn, and sorghum.

Winter wheatis most commonly cultivated in Ukraine, wisipringwheat being
grown to a much lesser extent. The main growing areas are located in the steppe and fc
steppe zones, mainly on chernozem soils. On average, approximately 23% of arable
is sown. The gross harvest in 2024 amounted to 2.8% of the viotdd'@th place in the
world and 2nd in Europe, after France).

The second important cereal crofbaley, which is considered one of the most
undemanding crops, early maturing, drougdsistant, with a short growing season- (60
90 days). Due to these characteristics, it is grown in the northern regions of the steppe
foreststeppe, in the foothills and motainous regions of the Carpathians. In years whel
winter wheat freezes, barley is sown instead of damaged crops.

Cornis the leader among grain crops in Ukraine, requiring warmth and fairly higk
quality soil. Corn for grain is cultivated in the steppe zone. Corn crops have a fairly hi
yield > 60 cwt/ha and large acreage, which allows for significant gross harves
acounting for 2.2% of the world's total in 2024 (6th place in the world and 1st in Europ:
This accounts for approximately 238fagriculturalexports

Legumes include beans, soybeans and peas, which are important food and fo
crops. They are mainly grown in Polissya and the fategipe zone. The main legume
crop issoybeansilt is a moisturdoving, soildemanding crop that is intolerant to arid
conditions. Over the past 25 yedh®e area under cultivation has increa@@dbld, and in
thelast thregyearsalone,it has increased one and a half times. In the steppe and fore
steppe zones, soybeans are grown on irrigated soils, especially in tthasghand
Vinnytsia regions. The gross harvest accounts for approximately 1% of the global han
(9th place in the world and 1st in Europe). Soybeans are mainly used for oil product
and as a substitute for animal protein.

The main technical crops in Ukraine are sunflower, rapeseed and sugar beet, w
are mainly used as raw materials for the food and light induSaefiowercrops occupy
approximately 22% of all cultivated areas in Ukraine and are grown in the steppe zt
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and in the south of the foresteppe zone on chernozem soils. The largest areas
cultivation are in the Dnipropetrovsk, Zaporizhzhia, Kirovohrad and Kharkiv region:
Ukraine accounts for 28% of world production (2nd place in the world).

The second most important technical cromseseegdwhose acreage is constantly
growing and accounts for about 1.7% of arable land. It is a maolsiting and heat
loving plant that is grown in the western part of the fesésgppe zone: in the
Khmelnytskyi, Ternopil, Lviv, and Vinnytsia regions. Rapeké® used to produce
industrial oil and relatively cheap biofuel, as well as animal f8adar beets another
important industrial craue to the significant labour and energy intensity of production
there has been a trend towards a reduction in the cultivation of this crop in recent yea
is mainly cultivated in the foresteppe zone, covering approximately 1.1% of arable lanc
with half of this area located in the Vinnytsia, Khmelnytskyi, Khand Ternopil
regions. Ukraine has a fairly high yield of more than 450 cwt/ha, and in terms of grc
harvest, the country ranks in the top twenty with 1.9 million tonnes (2024) and third
Europe (after France and Germany).

Potatocrops have remained virtually unchanged over the past decades and occ
approximately 5% of arable land, with a current yield of 161 centners per hectare. T
plant is quite undemanding in terms of growing conditions and is therefore cultivat
throughaut almost the entire country. The largest areas are concentrated in Polissya
Prykarpattya. The gross harvest accounts for 6% of the world's total (1st place in Eur
and 4th in the world).

Vegetable cultivation is mostly azonal in nature. The highest concentration
vegetable crops is found on farms located around large cities to provide the popula
with fresh produce. The most common crops are tomatoes, cucumbers, onions, table &
etc. Melons, watermelons, and pumpkins are among the melon crops. Thus, cucumt
carrots, table beets, and cabbage are mainly grown in Polissya, cucumbers, tomatoes
onions inforeststeppeandtomatoes, peppers, and eggplants in Steppe. Ukraine is one
the world leaders in terms of gross production of vegetables and melons and yield lev

Important branches afop productionare horticulture and viticulture. The largest
apple and pear orchards are located in the F8teppe and Polissya regionghile
cherry, plum, apricot, cherry, peaemndnut orchardsre locatedn the steppe zone. In
the central and southern regions of Ukraine, cherries, nuts, apricots and other fruit t
grow in planted forest belts, along motorways and in forests. Recently, the number of f
tree plantations has increased in private houdshespecially aroud cities. Large
vineyards are located in the south of the country and in Zakarpattia. About 80%
vineyards are concentrated in the Kherson and Odesa regions and the occupied Crin
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Before the fulscale invasion of Ukraine, as of 01.01.2022, agricultural land it
Ukraine amounted to 41,310.9 thousand hectares (68.5% of the total land area), as a
more than 90% of agricultural crops are grown in natural conditions due to tiieafact
Ukraine has about 25% of the most fertile black soil in the world, which, in a temper:
climate, has given Ukrainian producers significant natural competitive advantages :
unique agricultural potential. However, the climate changes that beganeatdiof the
20th century have had a significant impactcawp productionin Ukraine. Over the past
2071 25 years, the number of droughts has increased significantly, not only in the soutl
regions, but also in the central and eastern regions. Since 2000, as a result of clir
change, there have been prolonged periods of drought, which have been qsiteainte
accordingly, have hagegative consequences. For example, the drad@f03 reduced
the grossgrain harvest in Ukraine to 22 milliclonnes and made exports completely
impossible (that year, grain even had to be imported). The drought of 2007 also cat
significant damage to the agricultural sector, when a lack of moisture was recorded in t
thirds of the country in the spring. In ezt years, there have been significant droughts
particularly in 2010, 2015, 2017, and 202020.Dueto rising temperatures in winter,
snowcovers disappearing, which led, for example, to the loss of 568,200 hectares
winter crops in 2020 as a resuiiresufficient moisture in the soil (Buon®021; Lazareva,
2021; Nalau & Verrall, 2021). It should be noted that in recent years, almost every ye
one region or another has suffered from drought or other climatic phenomena. |
example, in 2024, there was no rainfall in the central regions Judyto September,
which led toa significantdecreasén the yield of corn and soybeans, almost by half. It is
believed that these natural phenomena in Ukraine tend to spread to the northern
western regiongnd given that they can occur at different stages of plant growth, they c
affect the entire range of crops grown.

Cattle breedingis a branch of agriculture that deals with the breeding and use
farm animals. In Ukraine, animal husbandry is represented by several areas, namely: c
breeding (breeding and useliwkestock), pig breeding, sheep breeding, horse breeding
goat breeding and other areas that are smaller in terms of production and significa
Animal husbandryand cattle breeding in particular, perform important secanomic
functions, namely:

0 providing people with food;

0 providing raw materials for the food, textile and pharmaceutical industries
0 providing organic fertilisers for the agmadustrial complex;

0 providing draught power when necessary.

Cattlebreedingdominates the structure of animal husbandry in Ukréivestock
breeding (10.6%) and milk production{%0) together accounted for the lion's share of
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animal products according to the Statistical Yearbook of Ukia#@23, confirming its
significant role in the country's food security. It should be noted that due to the Russ
invasion and ongoing military actions, Ukraine's aigaustrial sector has suffered direct
losses amounting to US$8.7 billion, while indirect logsesstimated at US$40.3 billion.
According to FAO data, the war has led to a decline in livestock numbers and product
particularly in animal husbandry, with losses estimated at US$0.98 billion by the end
2024,

As of January 2024, the number lofestock in all categories of farms was
2,233,600, which is 3.3% less than in January 2023. The distribution of livestock is
follows: 71% is concentrated in private households and 29% in agricultural entérprise

Due to the dominant role of cattle breeding in Ukraiaelsnal husbandrgector,
it is precisely this sulsector ofanimal husbandrthat needs to be assessed first in terms
of the impact of climate change. In addition, the assessment only considered the stz
pasture type divestock in which the impact of environmental parameters will be more
significant and even decisivén this report, the termahimal husbandtyis used
exclusively to refer tdivestock as the most representative and resesecstive sub
sector in the context of climate change impacts. Other areas of livestock farming were
considered in this study.

It is known that climate change is already having and will continue to have
significant impact on natural and artificial ecosystems, the population and various ar
of its activity. In this regard, it is necessary to conduct an expert assessmelegir&ee
of vulnerability of economic sectors in order to use the results to reduce negative impe
including on agriculture.

The approaches to assessing the impact of climate change in this study were b
on the methodological recommendations approved by the Ministry of Environmen
Protection and Natural Resources of Ukrdiveth certain additions and updates that
were applied during the development of Climate Change Adaptation Strategies for tt
pilot regions in the EU APENA 3 project, presented several times, discussed
professional circles and agreed upon by the Minst Environment before the start of
this study at the first webinar on 8 Janu2afg5.

To assesthe vulnerability ofany sector of the economy, ecosystem or asset at tt
initial stage, itis essential to determthe sensitivityof that object to the impact of climate
change, i.e. to determine the extent to which the system or object is negatively
positively) affected by climate chandggensitivityis a property of the object itself and

7 https://www.ukrstat.gov.ua/druk/publicat/kat_u/2023/zb/11/year 23_e.pdf
8 https://kse.ua/wqmontent/uploads/2023/09/June_Damages_URRport.pdf
9 https://avmua.org/uk/post/tendenciskorocennaogolivavrh-v-grudni-2

10 https://mepr.gov.ua/wpeontent/uploads/2023/06/386nd1.pdf



https://mepr.gov.ua/wp-content/uploads/2023/06/386nd1.pdf
https://mepr.gov.ua/wp-content/uploads/2023/06/386nd1.pdf
https://mepr.gov.ua/wp-content/uploads/2023/06/386nd1.pdf
https://mepr.gov.ua/wp-content/uploads/2023/06/386nd1.pdf
https://mepr.gov.ua/wp-content/uploads/2023/06/386nd1.pdf
https://kse.ua/wp-content/uploads/2023/09/June_Damages_UKR_-Report.pdf
https://avm-ua.org/uk/post/tendencia-skorocenna-pogoliva-vrh-v-grudni-2%E2%80%A6
https://mepr.gov.ua/wp-content/uploads/2023/06/386nd1.pdf
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therefore does not depend on geographical logatiahke vulnerability, which is
determined by specific changes in climatic parameters in a specific area. In this assess
of vulnerabilities and risks, only the negative effects of climate change were consider
and sensitivity was determined through expert assessmenttdsyniténg weighting
coefficients proportional to the negative response of major cropss/astbckto certain
changes in climatic parameters. An important point is that the wejgtugfficients are
represented by numerical values, which will subsequently enable a more accu
calculation of theisks posed by changing climatic conditions for the industry. The expel
assessment for the sectors took into account the impact of changes in various clir
indicators on the condition ohajorcrops, animal health, the possibility of maintaining
livestock numbers, live weight gain, productivity and reproductive capacity. The impe
of climate change on the quality and quantity of feed resources and drinking water \
also assessed.

Changes in climatic factors in the study were assessed mainly using standard
indices recommended by the Expert Team on Climate Change Detection and Ind
(ETCCDIY, which worked within the framework of the World Climate Researct
Programmé.

The values of climate indices for the current period and future climate periods we
determined based on climate projections of air temperature and atmospheric precipita
humidity and wind speed characteristics obtained from the ensemble of regroase cl
models (RCM) of the EUR@ORDEX project for two Representative Concentration
Pathways (RCP) scenarios, RCP 4.5 and RCP 8.5. All modelling results underw
statistical adjustment using observational data and are considered suitable for obtai
projections of basic and specialised climate indicators and their trends.

U https://www.wcerpclimate.org/etccdi
12 https://www.wcerpclimate.org/
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2. IMPACT OF CLIMATE CHANGE ON AGRICULTURE

Climate change is the result of a combination of a number of natural factors &
human economic activity and manifests itself mainly in an increase in the average gic
and regional temperatures of the surface air, land surface and ocean. The consefjuen
this temperature increase are the melting of sea ice and glaciers in polar regions and
mountains, a reduction in seasonal snow and ice phenomena on inland water bodies,
in the level of the World Ocean with its acidification, uneven didiohuof precipitation
and a significant increase in the number and intensity of extreme weather events: |
waves and cold spells, droughts, floods, hurricanes, inundations, etc.

The climate system has always been subject to changes and fluctuationgdout ir
industrial periodof human development, when large volumes of industrial emissions froi
the combustion of fossil fuels and other polluting impurities are released into t
atmosphere, intensive ploughing of large areas of land, significant deforestation,
pollution of tre environment with industrial waste and human waste products, su
changes have accelerated and their impact on natural and artificial ecosystems
increased.

Scientific research and documents of the Intergovernmental Panel on Clim,
Change (IPCC) emphasise that current climate change is mainly due to anthropog
factors, the impact of which has recently increased significantly. Based on the IPCC's
Assesment Report (2021), the global surface temperature was 198910. 2 0] AC
in 2011 2020 than in 1850900, with the temperature increase over land estimated
1.59[1.341 . 8 %] TAaeliability of the increase in the temperature of the surface a
layer, the Earth's surface and the surface of the oceans has been confirmed by instrun
measurements using certified instruments and standard observation methods for at
the last century and a half. The IPCC's Sixth Assessment Report emphasises tha
addition to changes in the thermal regime, there is a restructuring of circulation proces
an increase in the frequency of meridional air mass transport, and the developmer
blocking processes, leading to an increase in the recurrence of extreimagzardbus
hydrometeorological phenomena. For example, NASA researchers have concluded
with climate change, droughts that previously occurred only once every 10 years r
occur 70%more often, while heavy rains that previously occurred once every 10 yes
now occur 30% more ofté&h.

The direction and pace of this climate change remain unchanged today. Accorc
to data from the World Meteorological Organisation (WMO), the globahn air
temperaturéor 2024was B 4 AC (wi th a maxi mum err-or

13 https://www.ipcc.ch/report/ar6/wgl/
14 Rodell, M., Li, B. Changing intensity of hydroclimatic extreme events revealed by GRACE and GR2.C&t
Waterl, 241 248 (2023)https://doi.org/10.1038/s442Z123-000405
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industrial level of 185(1900. The global average annual temperature in 2024 we
+11.5AC, which is 2.4AC above the cl i
2024 is recognised as the warmest year in recorded history. At the same timen#iy int
of temperature growth in Europe is higher than the global average and the average
other region® .

The last year of 2024 in Kyiv, as in most regions of Ukraine, was also the warm
since records began (according to data from the Central Geophysical Obs¥raatbry
the Ukrainian Hydrometeorological Cenitrg In 2024, the air temperature exceeded the
long-term average in all months. The highest positive monthly anomalies were obsen
i n Kyiv in February and September: 5.
amounted to 642 mm, which correspsiiol 104% of the climatic norm. However, it was
distributed very unevenly over time: almost two monthly norms in April and June at
only 23% and 36% of the lortgrm average in May and September. Thus, it can b
concluded that in the current climate perithebre are stable trends towards an increase i
air temperature and a redistribution of precipitation in space and time through an incre
in the intensity of precipitation, a decrease in the number of days with precipitation, &
an extension of dry pexds.

2.1. General assessment of Ukraine's climate

The current climate of most of Ukraine (85%) is temperate continental, or "colc
accor di ng -Gagertlimate classificatiennThere are several climatic zones i
the country, including a zone without arid conditions and with warm summers (Dft
which covers more than 70% of the territory in the west, north and centre of the coun
as well as in the Mountainous Crimea, and corresponds to forest andfepgs zones.
The humid continental climate zone with hot summers (Dfa) covers more taof ii4e
country's territory, in the souttast and northern steppes. The cold serdiclimate zone
(BSKk) corresponds to the southern steppe and occupies more than 14% of the s
including mosbof the Crimean peninsula.

Ukraine's climate has changed significantly over the past 60 years, wi
temperatures rising faster in recent decades. Since the late 1990s, the average anni
temperature has been consistently higher than during theZl%#l climate norm period.
Sne 2007 , it has exceeded the norm by
2015, have been the warmest in the history of Ukraine and the Northern Hemisphere

https://wmoint/news/mediecentre/wmeconfirms 2024 warmestyearrecordaboutl155degeabovepre-industrial
level

16 http://cgosreznevskyi.kyiv.ua/uk/

17 https://www.meteo.gov.ua
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whol e. |l n some years, the increase in
(2.2AC in 2007, 2.3AC in 2015, 2.7AC

There is a general trend of an increase in the minimum daily temperature, m
notably during the cold season, and in the maximum temperature during the sumr
These changes have led to a reduction in the duration of the cold season, the numLk
frost days and the severity of winters. At the same time, the changes have led to a lol
and hotter growing season and an increase in the number of summer days.
precipitation pattern in Ukraine has also changed: the annual amount of precipitation
remaired virtually unchanged, but there has been a redistribution of precipitation betwe
seasons. An increase in precipitation is observed in autumn, a decrease in winter, ar
even greater decrease in summer. In addition, the unevenness of precipitatiisn an
intensity in daily values has increased, resulting in longer periods of drought. Rising
temperatures and uneven precipitation have led to a decrease in soil mois
accumulation, resulting in an increase in the frequency and intensity of dewagits.
Over the past twenty years, the occurrence of droughts has almost doubled across a
the entire country, with a dangerous trend towards an increase in the recurrence of drc
conditions in the Polissya region, as well as the emergence ohtimarglitions in the
northern areas of the For&deppe, i.e. in regions that were previously considere
waterlogged according to hydrothermal indicators, where precipitation excee
evaporation.

To determine the impact of current climate change on agriculture, the followir
indicators related to the phenological development of plants were analysed: changes ii
beginning, end and duration of periods with average temperatures &bGverarm
period), 3 C (vegetation period), 2@ (period of active plant vegetation) and more than
25° C (extreme temperatures), as well as the sum of effective temperatures’ab@ 5
C and the Selyaninov hydrothermal coefficient (K5J.CTo determine these irgditors,
data from the European®@BS database version 20.0 for the period 192010 were
used and compared with indicators for the previous WMO climate period 11881 to
assess the actual change in indicators over the last 60 years.

2.2. Warm period (t>0 A C)

The duration of the warm period in Ukraine in the period 192820 increases from
the northeast (22@40 days) to the south and southwest {320 days), which
corresponds to the spatial distribution of the average annual air temperature and d
solar mdiation (Fig. 2.1.). The latitudinal distribution was disrupted in the west of th
country, where an increase in the duration of the warm period was observed ove
significant area, with the exception of the Ukrainian Carpathians. In Transcarpathia,
warm season lasted 3Z%0 days, the same as in the southern regions of Ukraine. Tl
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disruption of the latitudinal distribution is due to the influence of the Atlantic and th
peculiarities of atmospheric processes in these regions. Such patterns of sp
distribution of the indicator are characteristic of past and present climaticg€rioe
duration of the warm period in Ukraine during 182010 changed relative to the climatic
norm (19611990). These changes were not uniform across the country: in the fore
steppe and forest zones, there was an increase in the duration of theen@apup to 20
days, most intensively in the Carpathian region and in the north of the Zhytomyr a
Volyn Polissya. However, in the Ukrainian Carpathians and the steppe part of the cour
the changes were insignificant, and in some areas of the Odieseaned the Autonomous
Republic of Crimea, there was a decrease in the duration of the warm seashf)(Fig.

E-OBS
) mentlh, .
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Figure2.1.1 Duration of the warm period according t€0BS data

Such changes contribute to the cultivation of major agricultural crops on
industrial scale throughout almost the entire territory of Ukraine due to the availability
heat and a reduction in the permitsubzerotemperatures, especially for winter crops.
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2.3. Growing season (#5 A C)

The length of the growing season (GSL) is the most important factor for sectc
such as agriculture and forestry, as it determines the duration of plant growth :
development. This indicator is calculated in days based on data on the average ¢
surfaceair temperature. The growing seadoegins/ends before/after July for the
northern/southerhemisphere when the temperatigrat least &onsecutive days equal
to or above 5AC, and ends/ begins when
falls/rises below/above this threshold value after/before 1 July for the northern/south
hemisphere.

The growing season in the past is characterised by the same spatial and temj
patterns as the warm period: an increase in duration from the northeast to the south
southwest from 200 to 290 days and more (Fig. 2.2). The early onset of the warm pe
causes early restoration of plant vegetation, which leads to an increase in the duratic
the growing season and an increase in its heat supply. An increase in the duration o
growing season has been observed throughout Ukraine over the lastddesj@ath the
most significant increases in the southern, seaitern and norwestern regions of the
country, where it reached 7 to 14 days compared to the climatic norni {296).

Early resumption of vegetation is especially important for winter crops, when the
is still sufficient moisture ithe soilafter the winter period, which lays the foundation for
significant yield potential. A typical example is the conditions that prevailed in 2024, wh
there was an intensive resumption of winter crop vegetation in early tAprildwhen
temperaturesreactte 2 0 AC, which contributed to |
plant biomass, as a result of which there was no signifiedattionn the yield of winter
crops, although previous forecagtedicted a declinef almost 20%.



18

- = |
- VLD

K‘\

| |
o’ o \J
A

O 0

JHi | days
160-180

1 180 -200

- 200-220

, 220 -240
240 - 260 min 162
260-280 ~& mean 219

| 280 - 300 max 284

10C 1
| Ui

= AHi | days

o 160-180

180-200

, 200-220

~ 220-240
240 - 260 min 168
260 - 280 = Mmean 223

¥ 280-300 max 294

™\ \!‘

1%

Figure2.2.i Duration of the growing season according {OBS data

An early start to the growing season contributes to an increase in the sum
effective temperatures above 51A9dD), thiOv
indicator has a significant spread of values across Ukraine and varies between 857
2 9 1 5 &Q.3)(TRe minimum accumulated values are observed in the highlands of 1
Carpathians, where they amount to 857
due to altitude zoning and is characterised by an uneven distribution: from 900 to 190(
the peaks and slopes of the mountains, while in front of the Carpathians, the sun
effective temperatures i s ud{Frankiek réeghs0 A
I n Transcarpathia, the sum of effledt.
2400AC.
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~ Figure2.3.1 Spatial and temporal distribution of effective air temperatures abov
5AC acco®OBbidatag t o E
I n the flat part of western and nol
generally range from 1900 to 2000AC.
Ternopil, Khmelnytskyi and Vinnytsia regions, while higher values are typical for Rivn
andZhytomyr regions. Similar values of
approximately 1902 000 AC cover the north of th
Polissya. As one moves south, with an increase in solar radiation, the total effec
tenperatures increase. Mainly intheforest e ppe, these values
the north to 2300AC in the south. Thi
and Sumy regions, as well as Cherkasy, Poltava, and Kharkiv regions. Meamxhie, i
steppe, the values increase from 2B0C
2600AC across most of the territory
Mykolaiv, Kherson, and Zaporizhzhia regions), with the exception of the east al
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northeast of the steppe, where the mi
south of Kharkiv, Luhansk, and Donetsk regions. On the coast, these values &re 2°f
2600AC and above. This includes the s
and Donetsk regions and the entire Autonomous Republic of Crimea. The sum of effec
temperatures reaches its highest wvalu
Ak-Monai Isthmus and Kerch Peninsula areas. Onlthéhighlandsof the Crimean

Mount ai ns did the sum of effecltGO0AG.em

For the current 2§ ear base period (1962010), compared to the previous climate
period (19611 990) , the wvalues of accumul at e
increased and vary from 1028AC in the
extrene south, in the area of the Atonai Isthmus and the Kerch Peninsula (2i§).
That is, the accumulated temperatures have increased K2 883 . 5 AC. Th
changes are characteristic of the saudist and south of the steppe (Odesa and Kherso
regions, Kerch Peninsula, Crimea), as well as Polissyalyn, Rivne, Zhytomyr and
Chernihiv regions. For the base climate period (12010), the lowest values of
accumulated effective temperatures are characteristic of the mountainous region of
Carpatthns, where the minimum is 1028AC.
and different altitudes, the values o
from 1028AC to 2100AC on the sl opes &
lvano-Frankivsk, Chernivtsi regions) and western slopes of the Carpathians (Zakarpe
region). Meanwhile, in the flat Zakar

In western Ukraine and Polissya, the sum of effective temperatures is gener:
bet ween 2000 and 2200AC. T h-FrankiviskyTeinapitl e
Volyn, Rivne, Zhytomyr, as well as the north of Chernihiv and Sumy regions. Tt
Cherniwsi region is characterised by uneven terrain, so in the west, in the mountains,
values vary from 1100AC to 2300AC and

As you move east and southeast, the sum of effective temperatures increases. |
north of the foressteppe, itis 220 300 AC, which is typic:
and Kyiv, and the south of Chernihiv and Sumy regions. Moving south, it isZ3@0 A C
covering the south of Vinnytsia, Cherkasy, Poltava, and Kharkiv regions. In the step
lower values of accumulated effective temperatures are observed in the east, where
are 2300AC and above (south of Kharki

At the same timan the southwest and south of the steppe, effectermperatures
above ®230C27a00cAC and higher on the <co
My kol ai v, Kherson, Zaporizhzhia, and
higher. The highest values of accumulated temperatures are observed in the K
Peninsulaareaandwidrach a maxi mum of 3074AC. On
Mountains I s the sum of effective tem
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A significant increase in effective temperature across almost the entire territory
Ukraine allows two crops to be grown on the same field, including grain, oilseeds &
vegetables. The successful cultivation of crops in intermediate crops, which make
possible to obtain two harvests per year on the same area, depends primarily or
duration of the frosfree growing season, moisture conditions, and the thermal and lig
regimes of the year. The length of the growing season and the flow of sodioradi
increase from north to south, and the length of unused favourable growing time for
main crops in crop rotations increases similarly, since with the move south, most ple
accelerate their vegetation, i.e. they reach fodder or full maturity.fd$ts makes it
possible to grow two crops per year in southern regions. There are plenty of example
this in the south and in Crimea (until 2014): many agricultergkerprisesin the
Autonomous Republic of Crimea sowed soybeans after winter badeyndor grain,
with the first crop yielding 450 cwt/ha and the second crop yielding 2% cwt/ha.

In experiments conducted by the Corn Institute of the Ukrainian Academy
Agrarian Sciences, buckwheat was grown after winter wheat for grain with a yield of ab
60 centners per hectare, with a seed yield ®2Qxentners/hectare. The total yield of
winter barley and postarvest millet on irrigated lands in the Republic of Crimea
exceeded 100 centners/hectare. Good results are obtained in southern Ukraine
combining winter barley and pelsarvest corn, with a total yield of 87.5 cwt/ha of grain.
Theagroclimatic resources of southern Ukraine make it possible to obtain two harvest
oilseeds and vegetable crops on the same area. In practice, the combination of w
rapeseed for seed and sunflower, winter rapeseed and soybeans has proven.iidedf wel
yield of winter rapeseed reached 35, and sunfloweser 25 cwt/ha; the yield of soybeans
I 20i 25 cwt/ha.

2.4. Active growing season (t > 10AC)

The duration of the active growing season in 12910 in a significant part of
Ukraine was mainly 1680 days. In the south of the country, it wasi 280 days, and
on the southern coast and in some eastern regions of the Crimean Peninsula, it was
220 days. The only exceptions were the extreme reaitern regions and the Ukrainian
Carpathians, where the duration varied from 140 to 70 days (with a minimum in t
highlands). During 1992010, the duration of active vegetation in Ukraine changec
compaed to 19611990, especially in the nortliest of the country, where it increased
by 10 days or more. The beginning of
important characteristic for determining the sowing dates of spring crops, as earlier sow
dates allow plants to increase the growing season and improve crop productivity.

Early sowing dates increase the e
calculated during the active growing season of agricultural crops and is also important
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heatloving plants. The base historical climate period of 19690 is characterised by
the sum of effective temperatures abc
across Ukraine. The minimum values are characteristic of the highlands of 1
Carpathans, while the maximum values are in the extreme south, namely e A&
Isthmus andhe Kerch Peninsula of the Autonomous Republic of Crimea (Fig. 2.4).

In the mountainous region of the Carpathians, the sum of effective temperatu
above 10AC varies from 228AC to 900AC
the west in general, as well as in Polissya, the values are characterised by ayrelat
uniform distributon 9001 0 0 0 AC. Such values are cha
lvano-Frankivsk, as well as the entire Ternopil, Khmelnytsky, Volyn, Rivhe, Zhytomyi
and the extreme north of Sumy regions. In the flat part of Zakarpattia,véless are
11001 400AC, and iiM200ACni Wssionelmd®es e
active temperatures rises above 10AC.
Chernihiv and Sumy regions, the values will be 1002 0 0 A C..

In the foreststeppe, these values increase and fluctuate between11200 0 A C
the north and 1300AC in the south. Th
and Sumy regions, Cherkasy, Poltava, part of Kirovohrad, and the north of Khaidxiv reg

For the steppe, the sum of effective
1300AC to 1600AC and above on the eas
east, the sum of effective temmerCat(lera

Dnipropetrovsk, southern Kharkiv, all of Donetsk and Luhansk regions), i.e., it is ma
homogeneous compared to the west. However, as they move towards the sea coast
increaseto 1460 500 AC and abovevalreas hdofngl mak
highland=of the Crimean Mountains is the minimum sum of effective temperatures abo
10AC about248300AC (Fig.
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_Figure2.4.7 Spatial and temporal distribution of effective air temperatures abov
10AC acceBSidata.g t o E

Over the current twertyear base period (1962010), compared to the previous
climate period (19611 99 0) , t he accumul ated ef f ¢
increased by 70i 8 2. 3AC. The | argest i ncwestande
south of tle steppe (Odesa and Kherson regionsMakai Isthmus, Kerch Peninsula,
Crimea), as well as Polissyavolyn, Rivne, Zhytomyr, and Chernihiv regions. For the
base climate period (1962010), the minimum values of accumulated effective
temperatures aboveACC ar e 347AC in the highlands
is 1858AC in the south of Crimea. Tt
di fferences in altitude cause signifi
ranging fromamin mum of 347AC to 1000AC on bo
the Carpathians. Meanwhile, in the flat part of Transcarpathia, these sums dre 14
1500AC and above. |l n general, I n the
lvano-Frankivsk, all of Ternopil, Khmelnytskyi, and Chernivtsi regions), as well as
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Polissya (Volyn, Rivne, Zhytomyr, northern Chernihiv and Sumy regions), the sum
effective temperatures is generally within the range of 1.0 0 A C .

Towards the south, the sum of effective temperatures increases. At the nortt
border of the foress t e pp e, it is 1200AC, which i
north of Kyiv, and the south of Chernihiv and Sumy regions. Meanwhile, the maximu
val ues in the south reached 1500AC. S
cover the south of Vinnytsia, Cherkasy, Poltava, and partly Kirovohrad and Khark
regions. For the steppe, the values v
south. In the east, slightly lower values are observed for Donetsk and Luhansk regi
Values of 1600AC and above are observ
The highest values of accumul at ed withe m

maxi mum values of 1858AC. Meanwhil e,
of effective temperatures is 800AC.
A significant increase in the sum

to significantly expand the area and range of cultivation in Ukraine of suclotieat
plants as corn and soybeans. Figure 2.5 shows a graph of changes in corn aclleage
regions since 2000. Almost all regions have seen a trend towards an increase in act
since 2000, which is particularly noticeable in the northern and western regions.
diHamuKa 3MmiHM NAow, nocieie KyKypyaswn Ha obnacHomy piBHi - LIMH
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Figure2.5.7 Dynamics of changes in corn acreage at the regional level since 20
A similar trend can be observed for soybean crops, with the area under cultivat

in the country increasing almost-fifld since 2000It is believed that one of the main
factors contributing to the increase in the area under cultivation is climate change, v
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significant warming in various regions of Ukraine and an increase in the effecti
temperature of more than 10AC, whi ch

2.5. Extreme temperatures

One of the main consequences of climate change is warming, and while a gen
increase in temperature may have a positive effectagproduction it also contributes
to extreme temperature increases in summer, which have a negative impact on |
development. To assess this, we can use the change in the number of summer day
days with a maxi mum temper at urokeUkrairies v
territory has statistically significant positive trends in the number of summer days. T
anal/sis showedthat the spatial distribution of SU trends is pronounced, with areas ¢
lower values in the east and seatist and minima in the Carpathians. The average valu
of the trends in the number of summer days is 2.84 days/10 years and varies from 2.
5.00 dhys/10 years.

The northern region has the highest trends, averaging 3.13 days/10 years.
highest SU index trend values were found in the Zhytomyr régi87 days/10 years.
In the Kyiv and Chernihiv regions, the average is 3.14 and 3.09 days/10 yes
respectivelyThe minimum values of 2.86 days/10 years are observed in the Sumy regi

In the eastern region, the average trend values are 2.07 days/10 years, which i
lowest indicator among the regions. The highest trend values are in the Donetsk rec
where the average trend value is 2.35 days/10 years. In the Kharkiv and Luhemsk reg
the average values are lower: 1.99 and 1.88 days/10 years, respectively. For the sou
region, the average SU trends are 2.85 days/10 years. The highesarahigserved in
the Odesa regidn3.46days/10 years and in Crime&.33 days/10 yearIn the Mykolaiv
region, the average SU trends are 2.94 days/10 years,taa#irerson and Zaporizhzhia
regions: 2.50 and 2.25 daysAi€ars. In the western region, the average SU index trenc
are 308 days/10 years.

The highest trend values are in the Volyn, Lviv and Chernivtsi regions: 3.24, 3.
and 3.18 days/10 years, respectively. In the Rivne, Ternopil, Khmelnytskyi ai
Zakarpattia regions, the average index values are lower, ranging from 3.02 to 3.09 day
yeas. The minimum SU index values are in the Iv&nankivsk regiori 2.85 days/10
years. In the central region, the average trend values are 2.80 days/10 years.

The highest trend values are in Vinnytsia and Cherkasy regions: 3.30 and 3
days/10 years. In Kirovohrad and Poltava regions, the average trends are 3.40 and
days/10 years. The lowest values ammipropetrovsk regioii 2.06 days/1§ears.

Based on this analysis, it can be stated that over the past 60 years, the aver
number of days with maximum air temperatures above 25 degrees in Ukraine |
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increased by approximately 20can be assumed that this increase also affects the numt
of days with extreme temperatures. It is important to note that extreme temperatures |
the greatest negative impact on plants when they are in critical stages of development
example, whencorn crops are going through the main physiological stages ¢
development (flowering, pollination), an increase air temperature to 3@ 5 A C
significantly reduces the viability of corn pollen, grain size and, ultimatedyd.yf-or
soybean crops, extreme temperatures reduce the number of pods formed and, accord
productivity, while for sunflower crops, grain weight decreases by up to 10%
temperatures3 5 UC, as does oil content.

An example of this is the situatitimat arose in JubAugust2010, when, according
to data from the Ukrainian Hydrometeorological Centre (Fi§), B2mperatures above
3 0 Wee observeh some regions of Ukraine for up to 51 days. According to statistics
late crops in the east and south of the country were particularly affected.

Figure2.6. 17 Maximum air temperature in Juugust 2010 (top) and number of
days with temperatures above 30UC (re
Centre

2.6. Drought phenomena

Rising air temperatures and uneven precipitation have led to a decrease in
moisture accumulation, resulting in an increase in the frequency and intensity of droug
in Ukraine. The Selyaninov hydrothermal coefficient (FBf@ used to determine the
severity of droughts. This coefficient is an indicator of soil moisture during the acti
growing season, i .e. between the stab
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It is important for the growth and development of agricultural crops and has seve
gradations. It is calculated using the following formula and includes the followin
indicators:

10% D Pr s

Z TT =10

where the numerator is the sum of daily precipitation in mm calculated for tl
period of active vegetation, increased by a factor of 10, and the denominator is the sui
effective temperatures for the period of active vegetation, i.e. with air tempsgabone
10AC, summed between the dates of a s
The followingHTCSgradations are distinguished according to moisture characteristics

from 1.8 to 6.0 excessive moisture;

from 1.2 to 1.8 moist;

from 1.0 to 1.2 sufficient moisture;

from 0.7 to 1.Q insufficient moisture or arid;
from 0.4 to 0.7 very arid.
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For the historical baseline climate period of 19190, based on -BBS
observations, the territory of Ukraine has different moisture coefficients as it moves frc
northrwest to soutkeast (Fig. Z). The entire Carpathian region falls within the zone of
excessive moisture, where the GTCS & G.. The humid zone, where the GTCS @&'1.
1.8, includes the flat part of Zakarpattia, Lviv, Ivafa@nkivsk, and Chernivtsi regions,
as well as most of Polissia, which includes Volyn, Rivne, Zhytomyr, and part of Kyi
regions, as well as the north of Chernihiv and Sumy regions. This zone also includes
western foressteppe, namely Ternopil, Khmelnytskyi, and Vinnytsia regions.
Meanwhile, the zone with sufficient moisture with a GT@3.0i 1.2 is located mainly
in the foreststeppe and in the south of Polissya. This zone includes such territories as
south of Vinnytsia, practically the entire Kyiv, south of Chernihiv, Sumy regions
Cherkasyand north of Poltava regions.

As we move south, the coefficient continues to decrease for thestappt and
steppe zones, indicating an increase in aridity. For most of the Poltava region, the el
Kirovograd region, and the southern parts of the Kharkiv, Luhansk, and Odess regic
the GTKS is 0.71.0, which indicates insufficient moisture or an arid zone. A GTKS o
0.4 0.7, which corresponds to a very arid zone, is characteristic of the sea coast. The
it extends to the south of the Odesa and Mykolaiv regions and covergtiteeKherson
region and the Autonomous Republic of Crimea, except for the highlands, the soutt
Dnipropetrovsk, most of Zaporizhzhia, and the south of Donetsk regions. Meanwhile.
the highlands of the Crimean Mountains, this coefficient varies feafficient moisture
to wet as the relief height increases.
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Figure2.7.1 Spatialtemporal distribution of the Selyaninov hydrothermal
coefficient according toBS data

As we move south, for the partially foreseppe and steppe zones, the coefficient
values continue to decrease, which indicates an increase in aridity. For most of the Pol
region, the entire Kirovograd, Kharkiv, Luhansk, most of the Odesa, Mykolai\
Dnipropetrovsk, and Donetsk regions, the GTK ig 0.0, which indicates insufficient
moisture or an arid zone. A GTKS of 0047, which corresponds to a very arid zone, is
characteristic of the sea coast. That is, it extends to the south of the Odeskalad/M
regions and covers the entire Kherson region and the Autonomous Republic of Crin
except for the highlands, the south of Dnipropetrovsk, most of Zaporizhzhia, and the sc
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of Donetsk regions. Meanwhile, in the highlands of the Crimean Mountains, tr
coefficient varies from insufficient moisture to wet as the relief height increases.

In the subsequent historical climate period of 12910, there were some changes
compared to the previous period of 166390 (Fig. Z7). In the north of the Chernihiv
and Sumy regions, the humid zone (GTKS 1.8) disappeared and was replaced by a
zone of sufficient moisture (GTKS 1.0.2). The humid zone shifted slightly westward
from the west of the Kyiv region and the south of thanytsia region. The very arid zone
(GTKS 0.40.7) also expanded in the south, extending to the north of the Odesa regi
half of the Mykolaiv region, as well as to the south of the Dnipropetrovsk region and t
entire Zaporizhzhia region.

Over the past 60 years, the number of droughts has increased significantly, not ¢
in the southern regions, but also in the central and eastern regions. Significant drou
occurred both in the second half of the 20th century and since the begintme@000s.
Over the past 225 years, as a result of climate change, there have been prolonged per
of drought, which were quite intense and, accordingly, had negative consequences.
example, the drought of 2003 redudkd gross grain harvest in 3kne to 22million
tonnes and made exports completely impossible (that year, grain even had to be impor
The drought of 2007 also caused significant damage to the agricultural sector, when a
of moisture was recorded in twioirds of the country in the springn recent years,
significant droughts have been observed in 2010, 2015 and 2017. It should be noted
almost every year, one region or another of Ukraine suffers from drought. For exam,
in 2024, there was no precipitation in the cergglons from July to September, which
led to a significant drop in corn and soybean yields, almost twice as much. These na
phenomena in Ukraine tend to spread to the northern and western regions, and giver
they can occur at different stages @mlgrowth, they can affect the entire range of crops
grown.

2.7 Impact of climate change on soil degradation processes

Climate change has a serious and multifaceted impact on the state of soils
Ukraine. This impact is manifested in the physical, chemical and biological properties
soils, as well as in changes in their ecosystem functions. Since Ukraine has a pow:
agricultural sector and significant areas of fertile soils, in particular chernozems, 1
problem of soil degradation due to climate change is extremely relevant.

According to numerous studies by domestic and international scientists, clim:
change is a key factor exacerbating degradation processes in the soil cover. In Ukr:
these processes are particularly acute due to a combination of climatic, anthrogagienic
military factors.
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It should be noted that over the past 60 years, Ukraine has seen: an imcreas
average annual temperaturesbyjy12 AC (i n some years, th
air temperature exceeded 2. 0AC), a de
especially in the southern and central regions, and an increase in extreme weather e
such asdroughts, heavy rains, hailstorms, and spring frosts. All these factors have
complex and negative impact on the condition of the soil cover, accelertting
degradation, reducing fertility, and causing the loss of ecosystem functions and resist:
to anthropogenic and natural stresses.

Among the main soil degradation processes, the following can be identified:

1. Accelerated loss of humus and increased greenhouse gas emisRising) air
temperatures and decreasing humidity significantly affect the humus content in sc
contributing to its accelerated loss. Under conditions of rising temperatures and mois
deficiency, microbiological activity in the upper soil horizons nsties, leading to
intensive mineralisation of organic matter. As a result, humus decomposes faster
organic carbon is released in the for
carbon stock in the soil ecosystem. Degraded soils lose Hiléy 80 sequester carbon,
making them a source rather than a si
that amplifies global warming.

Elevated temperatures cause mineralisation processes to prevail over hul
formation, leading to a steady decline in humus content. According to rebgatioh
O.N. Sokolovsky Institute of Soil Science and Agrochemistry, a National Scientifi
Centre,the annual loss of humus in chernozems can exceed 0.1%, which is a crit
indicator for maintaining soil fertility.

As a result, in drought conditions, the biological productivity of plants decrease
in particular the mass of root residygbe main source of organic matter for the soil, is
significantly reduced. This, in turn, limits the supply of substrate for humus formatic
processes, leading to further depletion of soil organic carbon.

In turn, the loss of humus reduces the aggregate stability of the soil, making it m
vulnerable to erosion. A decrease in moisture further exacerbates degradation proce
compaction and cracks occur, and moisture retention capacity decreases. aA\tesu#is
of humus loss, soils lose their ability to retain carbon, which not only reduces their fertil
but also contributes to global warming.

2. Deterioration of the water regimeClimate change has a significant negative
impact on the water regime of soils, which manifests itself in a number of degradat
processes. Thesaclude a decrease in moisture retention capacity, deepening wat
shortages, disruption of capillary moisture rise, and the development of erosion :
compaction phenomena.
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The reduction in precipitation causes a chronic moisture deficit in the sc
environment and reduces the infiltration of atmospheric moisture into deeper layers. 1
complicates the water supply to the root zone and worsens the water supply to plants
the same time, soil compaction is observed, which further limits water exchange. It shc
be noted that even if the annual amount of precipitation remains unchanged, its struc
is changing: steady rains are increasingly being replaced by short haeidtvnpours.
Such precipitation has low infiltration capacitywater quickly flows over the surface
without penetrating deep horizons, which limits moisture accumulation in the sc
especially during critical periods of crop growth.

The reduction in atmospheric precipitation and the lowering of the groundwat
level lead to a disruption in the capillary rise of moisture from the lower layers to the rc
zone. This is particularly noticeable on light, lomwmus soils, where moistureeatonot
remain for long periods of time anyway. Moisture deficiency negatively affects tr
structural and aggregate state of the soil: cracks and compaction form, and w
permeability decreases. As a result, the soil loses its ability to effectively aateiand
retain moisture, which limits the productivity of agroecosystems.

Intense shorterm precipitation after a long period of drought causes surface wat
runoff, which contributes to the development of water erosion. Decreased moisture «
increases the risk of wind erosion, as the moisture that binds soil particlesedrsapp
making the top layer more vulnerable to wind transport.

In addition, rising air temperatures significantly increase moisture evaporation frc
the soil surface, leading to a decrease in its water supply. This, in turn, complicates
cultivation of agricultural crops, especially in conditions of precipitateficid and the
absence of effective irrigation systems. This process is most pronounced in the soutt
central and eastern regions of Ukraine, contributing to the drying out of the soil prof
during the active growing season.

3. Development of erosion process€dimate change significantly affects the
intensity and spatial distribution of erosion processes, in particular water and wind eros
which are among the key forms of soil degradation. The intensification of these proce:
is caused by a number of intated climatic and environmental factors.

The increase in the frequency and intensity of precipitation, particularly in the for
of shortterm downpours with thunderstorms, leads to the formation of powerful surfas
runoff, especially after prolonged dry periods. Such downpours have high kirextiy e
which contributes to the destruction of the soil structure and the washing away of the n
fertile humus layer. As a result, mierand macreelief of an erosive type (furrows,
gullies) is formed, which further worsens conditions for plants.
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On the other hand, a decrease in atmospheric precipitation combined with
increase in air temperature causes prolonged periods of drought. The surface horizol
the soil dry out and become more vulnerable to wind erosion. This is particula
noticeabé in open, unprotected areas (in particular stubble fields and arable land with
mulch), where soil particles are easily lifted into the air and carried over long distance:

The deterioration of soil structuredue to degumification, reduced organic matter
content, compaction and crackingeduces its water retention capacity and ability to resis
erosion. Such soil quickly loses its cohesion and becomes vulnerable to icechar
destruction by both water and wind.

Of particular importance is the reduction in vegetation cover, which is often tt
result of declining crop productivity or degradation of natural vegetation. The absence
a vegetation layer deprives the soil of its natural biological protectiba rod system
and plant residues play a key role in fixing soil particles and reducing the force of wa
or wind impact.

According to estimatedy the O.N. Sokolovsky National Scientific Centre
“Institute of Soil Science and Agrochemistiyfith increasing climate risks, areas affected
by water and wind erosion may increase y1%% in the coming decades, primarily in
the steppe and foresteppe regions of Ukraine.

The consequences of soil erosion go beyond agricultural losses. They inclt
reduced fertility, degradation of soil biota, loss of nutrients, disruption of the wat
balance, and secondary pollution of water bodies with suspensions and agrochemi
Therdore, monitoring, prevention and control of erosion processes in the coimtext
climatechangeshould become priority areas of modern land management policy.

4. Increased risk of salinisation and sodificatio@limate change, in particular the
increase in average annual temperatures, the decrease in atmospheric precipitation a
decline in groundwater levels, contributes to the intensification of soil salinisation a
sodification processes, especially ie #outhern and eastern regions of Ukraine.

One of the key factors is the intensification of evaporation: under high temperatur
water actively evaporates from the soil surface, causing a rise in capillary flow, whi
transports dissolved salts from lower horizons to upper ones. In the abseffeetvie
natural or artificial drainage, salts accumulate in the upper layers, particularly in the r
zone.

Changes in the water balance and direction of water flow in the soil profile caus
by a decrease in the groundwater level worsen the conditions for salt leaching
contribute to their accumulation. In steppe zones, these processes are particulady int
due to natural aridity and moisture deficiency.
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Limited moisture due to reduced precipitation reduces the ability of natural s
purification processes (in particular, salt leaching), leading to further salt accumulatior
the profile. As a result, water and air exchange conditions deteriorate lestdusture is
disrupted.

Irrational irrigation poses a particular threat, especially when using water with hi
mineralisation. In the context of climate change, such practices can significantly accele
the development of secondary salinisation, especially on irrigated larstsutinern
regions.

Soil salinisation is accompanied by an increase in alkalinity, degradation
structure, reduced permeability, disruption of water and air regimes, and a signific
decrease in biological activity. This leads to a reduction in the availability of nsticent
plants and the creation of toxic conditions for their development.

According to estimates by the Institute of Water Problems and Land Reclamat
of the National Academy of Agrarian Sciences of Ukraine, in the absence of adapta
measures, the area of soil with a potential risk of salinisation could increase20¢d.5
by 2050.

Thus, climate change significantly increases the risks of soil degradation due
salinisation and alkalisation. This requires systematic monitoring, improvement
irrigation management systems, implementation of land reclamation measures
adaptive lad use aimed at preserving soil fertility.

5. Deterioration of agrophysical propertieshe agrophysical properties of sails
structure, density, water permeability, porosity and moisture cajjaieykey indicators
that determine their fertility and ability to provide plants with optimal conditions fo
growth. In the context of climate change, these properties are significantly deteriorat
due to rising temperatures, reduced precipitation, isetefiequency of extreme weather
events and water regime disturbances.

Changes in soil structure High temperatures and low humidity contribute to the
formation of a hard crust on the soil surface, which impairs water permeability a
aeration, hindering root system development. Frequent alternation between moisture
drying leads to the destruatioof soil aggregates, deterioration of the granulometric
structure, and a decrease in water and air permeability.

Soil compaction: Prolonged absence of precipitation combined with the use ¢
heavy equipment on dry soils causes soil compaction, reduced porosity and w.
stagnation after heavy rains. This negatively affects the availability of oxygen to the r
system and the develogmt of soil biota.
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Decreasedwater retention capacity: Deterioration of soil structure and loss of
organic matter in conditions of moisture deficiency reduce the soil's ability to accumul;
and retain moisture, which is critical during the growing season of agricultural crops.

Disruption of natural moisture: Lowering of the groundwater level and
degradation of soil structure due to climate change complicate the capillary rise
moisture to the root zone, especially on light and sandy soils.

Changes in soil temperatureRising temperatures contribute to rapid warming of
the surface soil layer, but also accelerate moisture evaporation. This can leac
overheating of the root system, which negatively affects plant development.

Such processes are particularly pronounced in the southern and central regior
Ukraine, where climatic extremes threaten the physical condition of the soil. Tl
systematic deterioration of the agrophysical properties of soils reduces their producti
and requires the introduction of adaptive agricultural technologies, such -8i: no
farming, mulching, the use of organic fertilisers, agroforestry and moisture conservat
technologies.

6. Deterioration of quality indicatorsClimate change significantly affects not only
the physical parameters of the soil, but also its quality characteristics, which direc
affects its fertility, ecological functionality and ability to sedfjenerate.

Among the main changes in soil quality caused by climate change, the followi
should be highlighted:

1 decreased biological activity: high temperatures and moisture deficiency negativ
affect microbiological activity, change the structure of soil biocenoses, and redt
the number of beneficial microflora, earthworms, and other components of the ¢
biota

1 deterioration of chemical composition: as a result of dehydration and inten
evaporation, the concentration of salts in the soil solution increases, the risk
secondary salinisation increases, the-aaiske balance changes and the toxicity of
the soil @vironment increases;

1 impaired buffering capacity: degumificati@md reduced organic matter content
reduce the soil's ability to neutralise harmful substances. This increases the ris|
contamination and impairs the ecological stability of agricultural landscapes;

1 weakening of sorption properties: the destruction of the organic part and t
reduction of the colloidal fraction lead to a decrease in the ability of soils to reta
nutrients. As a result, nutrient losses due to leaching or erosion processes incre

1 change in nutrient availability: due to uneven moisture, leaching and red
fluctuations, the availability of both major elements (nitrogen, phosphoru
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potassium) and trace elements (boron, zinc, manganese, etc.) changes, w
complicates plant nutrition.

7. Change in biological activity Biological activity is one of the key indicators of
soil fertility, as it ensures the transformation of organic matter, the circulation of nutrien
structure formation and detoxification. Climate change, in particular rising a
temperatures and decreasprecipitation, has a significant negative impact on biologica
processes in the soil environment.

Soil degradation is accompanied by a reduction in the number and activity of s
biota. According to the National Academy of Agrarian Sciences of Ukraine, a decreas
microbial diversity weakens soil fertility and reduces the resistance of ecosysttrasso
factors. High temperatures and moisture deficiency limit the vital activity of ke
microorganismsi bacteria, fungi, actinomycetés especially in surface horizons.
Disruption of the hydrothermal regime causes an imbalance in the soil microtota;
proportion of conditionally pathogenic or stressistant forms increases, inhibiting the
development of symbiotic microorganisms (in particular, nitrefgeng bacteria and
mycorrhizal fungi).

Soil dehydration and degumification processes have a negative effect on enzym
activity: the action of hydrolases, oxidases and other enzymes responsible for
mineralisation of organic matter and the transformation of nutrients is reduced. Moist
deficiency also negatively affects soil mesand macrofauna (earthworms, mites,
springtails), contributing to the deterioration of soil structure, aeration and over
biological activity.

Due to the reduction in the intensity of microbial decomposition of plant residue
humus formation processes slow down and humus content decreases, which in the
term worsens soil fertility.

According to research bthe O.N. Sokolovsky Institute of Soil Science and
Agrochemistry, a national scientific cenfresome regions of Ukraine, particularly in the
southern steppe, soil biological activity has decreased b#02b over the last two
decades.

2.8. Impact of climate change omrop production

According to FAO recommendations on optimal temperatures, almost all crops t
develop at optimal temperatures ofi250 ACi3 028, i2GAC 20arbe a|
grown in the country (Tabl@.1), with the exception of perennial crops that cannol
withstand the long periods of low temperatures obsemglrainein autumn and winter.
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Table 2.1. Optimal temperature values for growing different types of agriculture

crops®
Opti mal temperature for photo
1520 2530 30-35 20-30 25135

Sugar beet Soy Sorghum Corn Sisal
Beans Rice Millet Pineapple
Wheat Cassava Setaria
Barley Sweet potatoes Sugar cane
Oats Yams
Potatoes Peanuts
Lupins Cotton

Tobacco

Banana

Coconut

Currently, there is a consensus among experts that the main climate changes
caused by rising temperatures, and the only tool for assessing the impact of temper:
on crop yields is biophysical modelling. The results of modelling confirm the impertan:
of known key physiological processes, such as a reduction in crop maturation time v
an increase in average temperature (Igbal et al., 2009), a reduction in the formatiol
productive plant organs when high temperatures are observed during flowttano
et al., 2011), and increased stress due to water shortage at high temperatures durir
growing season (Lobell et al., 2013a). The response of plants to optimal temperature:
crop development and productive organ formation is well knownthauimpact of
prolonged periods of temperatures exceeding the optimum for plant development is nc
well studied (Craufurd and Wheeler, 2009).

For example, it is assumed that temperatures abéd@e8A C aft er f |
accelerate wheat ageing (Asseng et al., 2011; Lobell et al., 2012). However, there is
much experimental data to confirm this effect. Accordingly, a more sophisticalgdisin
of these data is needed to separate the effect of wheat ageing from, for example, dro
because extreme temperatures are usually accompanied by a prolonged rainless p
Biophysical models of agricultural crops can be used to quantitatisggsasuch abiotic
stresses at the level of individual fields or farms, but the quality of the result on a regic
scale is not entirely clear. Despite the lack of specific understanding on this issue, regi
statistical analysis data (Schlenker and Risb009) and models demonstrate a clear
negative i mpact of temperatures above
(Fig. 2.8).

18 https://www.fao.org/4/x5648e/x5648e0e.htm
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Figure2.8. Nonlinear relationship between temperature and yield, maize,
soybeans and cotton (Schlenker and Roberts, 2009)

The overall relationship between weather and yield often depends on the crop
region, differences in basic climatic conditions, management practices (agronor
management) and soil quality, as well as the duration and timing of extreme weat
events decting the crop. Anothefactor affecting yield,also dependent on climate
change, is pests, animals and @voal) pathogens. On average, worldwide crop losses
for major crops due to this, in the absence of any physical, biological or chemical pl
pratection, are estimated at 18% and 16% respectively (Oerke, 2006), but the gree
potential losses are caused by weeds (34%).

Climate change will alter the potential losses from many pests and diseases
rising temperatures may lead to geographical shifts due to changes in extreme see
and, thus, for example, overwintering and summer survival. The scarcity etelomg
studes of plant diseases and pests is a challenge for assessing the impacts of cli
change, but there are a few examples of the potential for such analysis. Experiments
wheat, ongoing at the Rothamsted Research Station in the UK for over 160 years, |
revealed changes in wheat leaf pathogens associated with precipitation, temperature
sulphur dioxide $O) emissions (Bearchell et al., 2005; Shaw et al., 2008). The risk
wheat rust has been found to respond
Scherm and Yang, 1995). Over nearly seven decades in Finland, earlier and more frec
epidemics of patto blight and more frequent pesticide use have been observed, associ
with changing climatic conditions and the absence of crop rotatiom(iKkala et al.,
2007).

Climate change is expected to affect the geographical range of certain insect spe
and diseases for different crgpowing regions. For example, Cannon (1998) suggeste
that migratory insects may colonise more crops as a result of rising temperaitaras, w
subsequent decline in crop yields. Climate change may also be a factor in the northv
expansion of agronomic and invasive weeds (Ziska et al., 2011). Overall, the ability
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predict the impact a€ Oy, /climatechange on pathogen biology and subsequent chang
in crop yields is limited because, with a few exceptions (Savary et al., 2011), experime
data are not available and analyses focus on individual diseases rather than the full r
of important disease ElevatedCO may reduce yield losses due to weedsdocrops
(soybean, wheat, and ricajlowever both Ci and Gs) weed species are found in
agriculture, and there is a wide range of responses of these species to current and pro,
CQOylevels Ziska, 2010).

2.9. Impact of climate change omnimal husbandry

Recent studies paint a complex picture of the current and future impacts of clim
change, pointing to widespread deterioration of ecosystems and a decline in the pla
ability to adapt to these impacts, as well as outlining the associated negakive SO
economic consequences, including species loss and matsdieterrestrial and marine
ecosystems, some of which ameversible.In addition, the negative impact of climate
change on agriculture, both crppoduction and animal husbandrg beingfelt in all
regions of the planet.

Animal husbandrydue to greenhouse gas emissions from manure use, intestil
fermentation ofivestockand the use of fossil fuels, is one of the causes of climate chang
but on the other hand, it itself suffers from climate change and therefore needs to ada
itte,

Climate change has already affecéedinal husbandryboth directly through heat
stress, which affects animal mortality and productivity, and indirectly through its impa
on pastures, the spread of diseas®splant pests. Between 1961 and 2006, crop losse
due to droughts and changes in precipitation and droughts are estimated at 25%. Obst
and projected future impacts on food systems are presented in Chapter 5 of the If
Working Group |l report (2022¥%tudies cited in the working group report predict that by
the end of the century, the risk of extre heat stress will increase for all animal species
in many regions of the world. This impact will increase as global temperatures contir
to rise, and the IPCC warns that as temperatures rise, animals eat on a&¥adess
for every additional degres warming, which harms their productivity and fertility.

Livestock may also be vulnerable to more diseases. The IPCC notes that zoon:
0 diseases that can be transmitted from humans to animaee more sensitive to
climate change than pathogens that are specific to humans or animals. The range
diseasecarrying insects and other arthropods will expand as the climate warms, wh
more extreme weather events caused by climate change wilbalsibgte to the spread
of disease.

19 hitps://openknowledge.fao.org/server/api/core/bitstreams/b596HcA% 7adab4b83bd760d291c/content
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Under current climatic conditiongnimal husbandnand feed production in
Ukraine are experiencing negative impacts depending on the following factors:

1 an increase in the average annual air temperature and average monthly
temperatures, especially in spring and summer;

1 an increase in the number of days with abnormally high temperatures, whi
negatively affects the condition of plants and animals;

1 increased frequency of droughts, particularly in combination with extremely hig
temperatures;

1 sharp temperature fluctuations between seasons and during individual months
days, causing a decrease in the stability of many fodder crops;

1 an increase in the frequency of extreme weather events during the warm see
(heavy rains, thunderstorms, tornadoes, squalls, halil);

1 a decrease in the frequency of precipitation and an increase in its intensity, wh
hinders the accumulation of soil moisture and worsens conditions for harvestir
grazing and keeping animals;

1 increased unevenness of precipitation during certain periods of the year, wh
affects the supply of drinking water to livestock;
1 lack of stablesnowcoverwhich, with a significant drop in temperature, hinders the

accumulation of moisture the soiland reduces the yield of fodder crops;

1 favourable weather conditions (high temperatures and humidity) for the spread
pests, diseases and invasive plant species, which can reduce productivity, foc
crop cultivation and affect the health of livestock;

1 an increased likelihood of fires, which disrupts the stability of ecosystems, cau:s
crop losses, reduces the sector's adaptive capacity to climate change and incre
the impact of each climate factor.

According to current climate change assessmentsartimeal husbandrgector
worldwide is expected to face additioaacumulatedheat stress divestock which will
intensify as the climate warms.

Chapter 5 of the IPCC Working Group Il report (2022) also emphasises that witt
war mi ng o fivesmak hunmbegs il ¢gecline by 10% by2050, which could
result in economic losses of between 10 and 13 billion US dollars. Studies have she
that up to 34% of existing areas for growing crops and animal feed will become unsuite
by the end of the century at the upper limit of the projetdstperature increase. The
regions most at risk are those where the world's largest livgstodkcing countries are
located, such as Brazil, China and India.

Under the most extreme IPCC scenario, corresponding to a global temperat
increase of 4&C, onethird of global food production could be pushed beyond the saf
climate space (SCS) by 20&1100. The latest report by IPCC Working Group 1l (2022)
predicts that by midentury, 10% of the land currently used for growing major crops an
raisinganimal husbandrwill become unsuitable for this purpose. The impacts of climate
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change on food production will be even more severe if global temperatures rise ab
2 AC. Under current policy trends, t he
2. TAC.

Rising temperatures will also cause water resources to become depietedl
husbandry particularly the production of animal feed, currently consumes 30% of a
water wused in agriculture. Wi t livestackis2 .
projected to increase by 13%, which could exacerbate competition between human n
and agricultural production. It should also be noted that highly produatireal
husbandnsystems can consume more water than grazing or mixed systems.

According to the report, losses in beef and milk production in tropical an
subtropical regions could be even greater, leading to annual economic losses of arour
billion for dairy products and $31 billion for beef production by the end of the centur
This represents approximately 7% and 20% of the global production value of the
commodities (in constant 2005 prices).

2.10. Future threats of climate change

In this report, future climate change threats to agriculture were analysed us
modern methodological approaches presented, in particular, in the Sixth Assessr
Report of the Intergovernmental Panel on Climate Change Working Group | (IPCC Al
WGI, 2021)and tested in the APENA 3 project. In particutéimatic impactdriverswere
calculated and assessed, which, according to the IPCC glossary "physical conditions c
climate system (e.g., averages, events, extremes) that affect an element ofosocie
ecosystems. Depending on the vulnerability and resilience of the system, factors and
changes can be harmful, beneficial, neutral, or a mixture of each of the interacting sys
elements and regions."

A total of 32CIDs wereconsideredTable 2.2), divided into 5 types, in which 14
categories were selected that correspond to the climate of Ukraine, according to the |l
classification (Table 12WGI ARG, 202%°).

First and foremost, these are the following types:

heat and cold (average and extreme temperature indicators);
wetanddry (average and extreme factors);

snowfall andsnowcovefaverage and extreme snowfall);

wind (average speed and gusts);

coastal (sea level and storm surges).

=A==

That is, each type includes categories that characterise changes in both averag
extreme factors of climatic influence.

20 https://www.ipcc.ch/report/ar6/wgl/chapter/chagtf
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Thus, a total of 32 indicators were analysed, almost half of which characterise
temperature regime. Specifically, fiGgéDs characterise the negative impact of risimgan
airtemperatures: over the year and in the central months of all seasons (January, April,
and October), and a negative impact is also expected from a reduction in the length o
growing season. Fo@IDs characterising the negative impact of rising heat indices ar
based on daily maximum and minimum air temperatures. To éissesgative impact of
climate change, two categories with f@iDs have also been identified, relating to the
possible increase in cold spells and, accordingly, the increase in degree days of the he
period, and the number of frost days and days with freezing temperatures, which cann
ruled out even with generalanming, especially in the current period 202140.

The category ofvet anddry also includes factors based on the average amount
precipitation per year and in the central months of the seasons, with a negative im|
expected from a decrease in these average indicators, while for factors characterisini
extremity of the precipation regime, the negative impact corresponds to their increase. -
assess the degree of impact of increased aridity, an index was used that characteris
maximum duration of the dry period. This category also includasdex of the increase
in the number of days with fileazardous weather conditions, which are recognised &
exceeding a value of 30 ftire Fire Weather Index (FWI).

The category of factors characterissigpwcovetincludes two based on average
indicators (annual precipitation in the form of snow and the number of days wi
snowcoveover 30% of the territory), a decrease in which indicates a negative impact, ¢
an increase in the number of days with snowfall exceeding 10 mm per day is also inclu
to assess the impact of changes in extremes.

The negative impact of changes in wind patterns was assessed by the increa
average wind speed, as well as the number of days per year with wind gusts exceed
on the Beaufort scale (10.8 m/s).

Coastal indicators of sea level rise and storm surge height were determined u:
data from the Joint Research Centre (JRC) LISCOAST global model for all coasts of
World Ocean. The negative impact corresponded to an increase in the values of |
factas.
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Table 2.2. Categories olimatic impactdrivers(CID) and limits for determining the degree of impact of their changes (from 0 to 1)

5 5 <
. e} S =
IPCC CID IPCC CID Category CID name Units — % I
0.25 0.50 0.75
Annual near surface air 05 10 20 4.0
temperature ' ' ' '
January mean air 05 10 20 4.0
temperature ' ' ' '
MEAN AIR April mean air 05 10 20 4.0
TEMPERATURE temperature ' ' : '
July man air temperature 0.5 1.0 2.0 4.0
October mean air 05 10 20 40
temperature
Growing seasofength -2 -5 -10 -15
HEAT AND 0.5 1.0 2.0 4.0
COLD
5 10 20 30
10 20 30 50
25 30 35 40
50 100 200 300
-0.5 -1.0 -2.0 -4.0
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50 100 200 300
0 5 10 20
5 10 20 30
-5 -10 -15 -20
-5 -10 -15 -20
-5 -10 -15 -20
-5 -10 -15 -20
-5 -10 -15 -20
5 10 15 20
2.5 50 7.5 10.0
0 10 20 30
DROUGHT Maximum duration of | o ear 30 40 50 60
droughtin 20 years
NUMBER OF DAYS
WITH FIRE WEATHER Fire hazard index > 30 | day/year 5 10 15 20
D FWI>30
-3 -10 -20 -30
NUMBER OF DAYS

WITH SNOWCOVE day/year 0 20 40 60

NUMBER OF DAYS WI TH SNOV
PER DAY dayl/year 0.1 0.3 0.5 1.0
0.01 0.10 0.20 0.30
WI ND GUSTS O 10.8 M/ S ( g daylyear 0.1 2.0 3.0 4.0
0.05 0.15 0.30 0.45
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EXTREME SURGESTORMLEVEL (COASTAL
FLOOD)

2.0

2.5
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Climate change in Ukraine in the near and distant future was determined basec
data from 34 regional climate models (RCMs) of the EURO CORDEX project fc
representative concentration pathway scenarios (Representative Concentration Pathv
RCP 4.5 and RP 8.5, where the numbers correspond to additional radiative heating
watts per square metre by the end of the 21st cefitneymodels havadetailed spatial
(0.1 and temporal (daily) resolution, which made it possible to form-dpighity time
seres of key climate indicators and calculate climate indices based on them. The value
the climate indices themselves serve as a measure of the intensity of the impact of cli
change on natural and artificial ecosystems.

To assess climate change, as well as vulnerability and risks to agriculture,
territory of Ukraine was divided into five main geographical regions, taking into accou
administrative divisions, the similarity of climai@ming factors and, accordinglthe
similarity of climatic conditions (Fig. 2.9):

1 the Western region includes Rivne, Volyn, Lviv, Zakarpattia, Ternopil,

Khmelnytskyi, Chernivtsi and Ivarerankivsk regions;

The North regionincludes Zhytomyr, Kyiv, Chernihiv and Sumy regions;

TheEastregion includes Kharkiv, Luhansk and Donetsk regions;

the Centre region includes Poltava, Dnipropetrovsk, Kirovohrad, Cherkasy an

Vinnytsia regions;

1 and theSouthregion includes Zaporizhzhia, Mykolaiv, Kherson, Odesa regions an
the Autonomous Republic of Crimea

= =4 =

There are also three specific geographical zones in Ukraine, namely t
mountainous areas of ti@arpathian and Crimean Mountains, which are defined as
being more than 400 m above sea level, as well andwtalarea of the Black and Azov
Seasasareasalomg coasta nd estuaries with a buffe

According to the calculations, the changes expected in the current period of 20:
2040 are comparable in both scenarios and will be most pronounced in the west
northern and southern regions. By the middle of the century, in the perioi22601
accordng to the RCP 4.5 scenario, a further increase in air temperature in Ukraine
expected. The average annual temperature will increase at a rat€ (ff@y&¥ars, and in
this regard, there will be an increase in the values of indices based on higtaterape
This will increase the number of summer days at a rate of 3.0/10 years and tropical ni
at a rate of 2.5/10 years. Climate indices based on low temperatures will decrease
example, the number of frost days43y2/10 years. Precipitationdites for this period
show a predominantly positive trend of +2.39 mm/10 years. According to the RCP !
scenario, the increase in air temperature will be more intense at a rate’/a00y88ars.
Obviously, the number of extreme events caused by highetatapes will increase. For
example, the number of tropical nights will increase by 7.9/10 years. Indices based on
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temperatures will decrease sharply, with the number of frost days decreasig/ 1y
years. For this period, a slight increase in the number of days with heavy precipitatio
forecast at 0.16/10 years.

West | 3axin §eee

East | Cxia

Carpathian mountains }+=..
Kapnatceki ropu

Hoe

Grid nodes | By3nu citkn

West | 3axig - 1391 ;
® North | Migwiy - 1454 South | Nisaexb Ty

Central | LieHTp - 1635 i o
o East | Cxia- 1025 IR S

South | Nisgexs - 1329 ORECHKS

Carpathian mountains | Kapnarceki ropm - 252 £ %
¢ Crimean mountains | Kpumceki ropu - 22 ] < : Autonor

Coastal | MpubepexHi - 246 ;
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O6nacHi Mexi Ta M.Kuis (ooerope 27 Crimean mountains | KpuMcoki ropy
* Administrative centers of oblasts | O6nacHi ueHTpu

e . Coastal | NpubepexHi

Figure2.9.7 Zoning of Ukraine by region

For the distant future at the end of the century, in the period 208Q, according
to modelling data, more intense changes are to be expected compared to the middle ¢
century, especially in the rate of increase in air temperatuhe southerngastern and
central regiondt should also be noted that for this period, a significant difference in th
rate of change in air temperature and values of indices based on high temperatur
expected; for the RCP 8.5 scenario, the background values emdfrahange will be the
highest. Fothe RCP 4.5scenarigthere is a greater increase in annual precipitation total
than for RCP 8.5, while the number of days with heavy precipitation is comparable.

In addition to the average values of negative impacts by category, it is clear that |
assessment also requires the identification of those factors whose changes are expec
have the greatest negative impact. Therefore, in the specified catedpariggxtimum
degree of impact in the category where there was more than one factor was also founc
analysed at each node of the calculation grid.

For convenience and to enable comparison of the impact of threats both within
region itself according to scenarios and categories of factors, and with other regions,
histograms were constructed for each region for two scenarios and three pdilidigis un
end of the 21st century, where colours with numbers indicate the contribution of e:
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category of factors to the overall threat from changing climatic conditions (Fl@s. 2.
2.17)

To this end, the maximum degrees of impact for eétre threatsvere determined
in each regiom fractions of a unitTable 2.2), which were multiplied by 10 to transform
them into scores within a range of 10 points, which were then summed for all 10 categc
except for the two coastal ones. Thus, for all regions except the coastal ones, for
maximum possible scorerfthe 10 threat categories will be 100%, and for coastal regior
it will also be 100% due tthe combinatiorand determination of the maximum threat
among a pair of win@IDs (average speed and gusts) and a pair of cézifdal(sea level
rise and incre&sin extreme storm surge height). At the same time, for each category, |
maximum threat level can be identified by the points shown in the columns. The abse
of colour indicates no threat from changeSiDsin the relevant category; 2.5 corresponds
to alow threat; 5 is a medium level of threat; 7.5 andad€high and very high levels of
threaf respectively (Figs. 200 2.17)

For the Western region throughout the 21st century, for all periods and bott
scenarios, there remains a very high threat of increased extreme precipitation, which
lead toheavy rainand flash floods (10 points in Fig. 2.10). Also, for the RCP 4.5 scenari
there is a very high threat of an increase in days with snowfall exceeding 10 mm, altho
for the RCP 8.5 scenatrio, it gradually decreases, apparently due to more rapid warming
less precipitation in the form of snow. This confirms the observed increasehrethteof
a decrease isnowcoverand snowfall from high in the current period to very high in the
future for both scenarios.

The threat of an increasermeantemperature anelxtremeheat is very high only at
the end of the century under the RCP 8.5 scenario, in previous periods it is high, anc
the RCP 4.5 scenario it is only medium. Also, for both scenarios, the threat of increa
droughsis medium for both scenarios, with only the middle of the century under the RC
8.5 scenario showing a high threat of an increase ircdtégjory Droughts are directly
related to a decrease in precipitation, but in the western regigra tow level of threat
of change in thi€ID is obtained for all periods under the RCP 8.5 scenario, and for RC
4.5 only in the current period.



48

MaKcmarsnbHa 3arpo3a Bn/iMBY 3MiHM KNIMaTUYHUX YUHHUKIB, %
Maximum Hazard from Impact of Climatic Drivers' Change, %
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Figure 2.101 Maximum by category and total threat levels for the Western region by
scenario and period until the end of the 21st century relative to the perio@2991

On the other hand, frdangeousweather poses a very high threat at the end of th
century and a high threat in the middle of the century under the high concentration scer
RCP 8.5, although under the moderate concentration scenario RCP 4.5, there is no t
in the current period aha low level from the middle to the end of the century. For
indicators of increasedind speed angusts in the current periothe highest medium
level threat was obtained for both scenarios for gusts and for the neocslezatrio for
increased wind speed. The threat of increased wind speed becomes low from the midc
the end of the century for the moderate scenario and remains low for all periods unde
high concentration scenario, for which the threat of increasad gusts at the medium
level persists throughout the century. Thus, the total threat of change in all categorie
climatic impactdriversin the western region ranges from 50 to 72.5% throughout the 21



49

century. At the same time, in the current period, the total threat is the same for b
scenarios and amounts to 55%, but then decreases to 50% and by the end of the ce
reaches 55% again for the moderate concentration scenario RCP 4.5, but incre
significantly for the high concentration scenaR&P 85 to 65% by the middle of the
century and to 72.5% by the end.

MaKcrMmanbHa 3arpo3a BrinBY 3MiHU KNIMaTUYHUX YNHHUKIB, %
Maximum Hazard from Impact of Climatic Drivers' Change, %
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Figure 2.111 Maximum by category and total threat levels for the Northern
Region by scenario and period until the end of the 21st century relative to the perioc

1991 2010

For theNorthern region, estimates of maximum threats from changes in climati
impactdrivers are similar to those for the Western region. Thus, throughout the 2.
century, for all periods and both scenarios, a very high threat of increased extre
precipitation was obtained, which could cause heavy rains and flash floods (10 point
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Fig. 2.11). Also, for both scenarios, there is a very high threat of an increase in days w
snowfall exceeding 10 mm, although under the RCP 8.5 scenario, it decreases to hig
the end of the century, apparently due to more rapid warming and less precipitti®n |
form of snow. This confirmtheobservedncreasen the threat of reduceshowcoveand
snowfall from high and medium for the moderate and high concentration scenatri
respectively, in the current period to high in the middle and vetylhyghe end of the
century for both scenarios. The threat of an increaseantemperature anelxtremeheat

is very high only at the end of the century under the RCP 8.5 scenario, it is high in previ
periods, and for the RCP 4.5 scenario it is only moderate until the middle of the centt
Also, for both scenarios, the threat isdiumand from an increase in drought, only by the
middle of the century under the RCP 8.5 scenario is there a high threat of an increas
this factor, similar to the westeregion.

Droughts are directly related to a decrease in precipitation, and in the north
region, the threat level of this factor increases from low for the current period, mediurr
the middle of the century, to high at the end of the century under both scddavweser,
as in the western region, fidangeous weather poses a very high threat at the end of th
century and a high threat in the middle of the century, with no threat in the current per
under the high concentration RCP 8.5 scenario, althoughdonoderate concentration
scenario RCP 4.5, there is also no threat in the current period and a low level from
middle to the end of the century. For indicators of increased wind speed and gusts fol
northern region, lower threat levels were obtaioeerall compared to the western region.
Thus, for both scenarios, a low level of threat from increased wind gusts was obtainec
the current period.

The low level of threat from wind gusts remains for the RCP 8.5 scenario throughe
the century, and at the endpwv level of threat from increased wind speed is also addec
Thus, the total threat of change in all categoriedimiatic impactdriversin the northern
region has a greater range of values than in the western region, ranging from 45% to
throughout the 21st century for both scenarios. At the same time, in the current period
total threat is lower for the RCR5&cenarig45%) and higer (47.5%) fothe RCP 4.5
scenario. However, in the future, the rate of increase in threats under the RCP 8.5 sce
will accelerate and, by the middle of the century, will significantly exceed the total thre
under the RCP 4.5 scenario: 50% by the middle and 60%édend of the century,
compared to 62.5% and 75% for the high concentration RCP 8.5 scenario by the mi
and end of the century, respectively.
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MaKcvManbHa 3arpo3a BnavBY 3MiHM KNIMAaTUYHUX YUHHUKIB, %
Maximum Hazard from Impact of Climatic Drivers' Change, %
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Figure 2.121 Maximum by category and total threat levels for the Central region
according to scenarios and periods until the end of the 21st century relative to the per
1991 2010

For theCentral region as a whole, similar estimates were obtained for the weste
and northern regions, but with an increase in threats associated with reduced moistur
the same time, throughout the 21st century, for all periods and both scenarios, there rer
a vay high threat of increased extreme precipitation, which can cause heavy rains and f
floods (10 points in Fig2.12). At the same time, slightly lower threats from an increase ir
days with snowfall above 10 mm are obtained in the centre, althougbilicsdenarios a
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very high threat remains in the current period, with the threat level decreasing to high
the middle and end of the century under the moderate RCP 4.5 scenario. However, u
the RCP 8.5 scenario, the threat decreases to medium by the end of the ajgpdmently
due to more rapid warming and less precipitation in the form of snow. This cottfems
observedncreasen the threat of reduceshowcoveand snowfall from moderate for both
scenarios in the current period to high by the middle and vdmpkithe end of the century
for the RCP 8.5 scenario and moderate and high for&&;Respectively.

Unlike the western and northern regions, the centre has a high level of threat fr
increased drought throughout the century for RCP 4.5. There is also a high level of th
in the current period under the RCP 8.5 scenario, but from the middle of tiny teete
is a very high threat of an increase in @D, unlike the regions mentioned above.
Droughts are directly related to a decrease in precipitation, and in the centre, the threat
of this factor increases from high in the current period ke middle of the century to
very high at the end of the century in both scenarios. Similar to the northern and wes
regions, the distribution of threats from folangeous weather is also obtained in the
central region. Thus, a very high threat at the end, high in the middle of the century .
low in the current period is obtained under the high concentration scenario RCP ¢
although for the moderate concentration acerRCP 4.5, there is no threat in the current
period and a medium and high lewethe middle and end of the century, respectively.

The threats of an increasenean aitemperature anextremeheat are very high
only at the end of the century under the RCP 8.5 scenario, while in previous periods
threat of an increase in heat is high for both scenarios, and imetie aitemperature,
the threat is medium for the R@ scenario until the middle of the century and for RCP
8.5 only in the current period, increasing to high by the middle of the century. For indicat
of increased wind speed and gustgtiercentral region, intermedidteeat levels between
western and northemere obtaind. Thus, for both scenarios, a low level of threat from
increased wind gusts is obtained for the current period, but for the RCP 4.5 scenario, a
level of threat from increased wind speed is also added. The low threat level from w
gusts remains for hRCP 8.5 scenario throughout the century, and from the middle to t
end of the century, a low threat level from increased wind speeds is also added. Thus
total threat of change in all categorieslinatic impactdriversin thecentralregion has
the highest value of 80% among all regions, with the exception of the coastal region, wi
coastalClDs are added to the total threat of the ten categories of factors presented. In
central region, the total threat is currently the same for both scenarios, as in the wes
region, but the value is higheb7.5%, and similarly, by the middle of the cewiuhe
threat level decreases to 55% for the RCP 4.5 scenario due to the absence of threats
wind CIDs. However, under the RCP 8.5 scenatrio, the rate of increase in threats incre:
significantly and, by the middle of the century, significantly exceeds the total threat une
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the RCP 4.5 scenario at the end of the century (60%) compared to 70% and 80% fo
high concentration RCP 8.5 scenario in the middle and end of the century, respectivel

MaKcrManbHa 3arpo3a BriMBY 3MiHW KNIMAaTUYHUX YUHHUKIB, %
Maximum Hazard from Impact of Climatic Drivers' Change, %
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Figure 2.131 Maximum by category and total threat levels for the Eastern region by
scenario and period until the end of the 21st century relative to the perio@0991

For theEastern region, the estimates of maximum threats obtained differ slightl
from those for the previous regions, since it is for the-laghcentration scenari®CP 8.5
that the lowest cumulative value (47.5%) is obtained for the current period, while for 1
RCP 4.5 scenario, the total threat value for this period is significantly higher, at 5%
(Fig. 2.13). This value remains unchanged until the middle of the century, increasing
62.5% by the end of the century under this moderate concentration scenario. As in Q
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regions, the total threat value increases quite rapidly under the RCP 8.5 scenario ove
course of the century: 57.5% by the middle and 75% by the end of the century, when €
of 10 CID changs are at a very high level, two of which relate to an increase in tr
extremity of precipitation, including in the form of snow, at a high level, and two relate
to an increase in wind speed and gusts, are absent.

In the eastern region, the threat of an increaseein aitemperature anextreme
heat is very high only at the end of the century under the RCP 8.5 scenario; in previ
periods, the threat of increased heat is high for both scenarios, and foedheair
temperature, the threat is at a medium level for both scenarios only in the current pel
increasing to high by the middle of the century. Factors related to reduced moisture for |
scenarios contribute significantly to the overall threat in #steen region. At the same
time, throughout the 21st century, for all periods and both scertheos remains a very
high threat of increased extreme precipitation, which can cause haasyand flash
floods,anda high threator RCP 85 from the middle of the century onwards

Atthe same time, the east also experiences very high levels of threat from an incr:
in days with snowfall exceeding 10 mm in other periods, which is currently very high f
RCP 4.5. Unlike other regions, under the RCP 8.5 scenario, the threat séasernn this
CID remains high throughout the century. At the same time, however, this scenario sh
an increas@é the threat of a decreasesimowcoverand snowfall from low in the current
period to medium in the middle and very high by the end ofeéh&urgy. The threat of a
decrease isnowcovefor the RCP 4.5 scenario remains at a medium level throughout ¢
periods considered. Unlike the western and northern regions, in the east, as well as ii
centre, there is a high risk of increased drought at the beginning and end of the centun,
a medium risk in the middle for RCP 4.5. However, a high level of threat is obtained in t
current period and in the middle of the century, increasing to very high by the end of
century for the RCP 8.5 scermariDroughts are directly related to a decrease ir
precipitation, and in the east, the threat level of this factor increases similarly to the ce
from high (medium for RCP 8.5) in the current period and in the middle of the century
very high at the aehof the century for both scenarios.

A distribution of threats from firdlangeous weather similar to that in the central
region is also obtained in the east. Thus, a very high threat at the end, high in the midd
the century and low in the current period is obtained for the scenario of high concentrati
RCP 8.5, although foheé scenario of moderate concentrations RCP 4.5 there is no thre
in the current period and a medium and high level in the middle and end of the cent
respectively. For wind indicators for the eastern regioty, arow level of threat was
obtained in the current period from an increase in wind speed for the RCP 4.5 scenario.
for other periods and scenarios, there are no threats.
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Among those considered, tls®uthern region has the highest total maximum
threats, while in the east and north (as well as the following regions), the highest cumule
value (55%) in the current period was obtained for the high concentration scen:
RCP8.5, while for the RCP 4.5 scenario, the total threat value for this period is significan
higher, at 62.5% (Fig. 2.14).

MaKcumasibHa 3arpo3a BN/AnBY 3MiHM KNIMATUYHUX YUHHUKIB, %
Maximum Hazard from Impact of Climatic Drivers' Change, %
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Figure 2.141 Maximum by category and total threat levels for the Southern region by
scenario and period until the end of the 21st century relative to the perid@Q2991

This value decreases slightly to 60% by the middle of the century, with an incre:
to 65% by the end of the century under this moderate concentration scenario. As in C
regions, the total value of threats increases quite rapidly under the RCP 8rioscen
especially by the middle of the century, when it reaches 70%, and by the end of the cen
when it reaches 77.5%, with 6 out of QlID changeat a very high level and the others at
a slightly lower level: two related to an increase in the extremity of snowfalls (high leve
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and a decrease amowcovefmedium), and two more at a low level related to an increas
in wind speed and gusts.

In the southern region, two threats remain at a very high level (10 pointszriBg.
throughout the 21st century for all periods and both scenarios: an increase in extr
precipitation, which can cause heavy rains and flash floods, and an increase in drout
The combination of these two threats could cause cascading risks, espacsalgtors
such as agriculture and forestry, biodiversity, buildings, disaster risk management, etc

The threats of risinghean aitemperatures argktremeheat are similar to those in
the central region and are very high only at the end of the century under the RCP
scenario. In previous periods, the threat of increased heat is high for both scenarios, v
for mean aitemperaturethe threat is mdiumfor the RCP 4 scenariauntil the middle of
the century and for RCP 8.5 only in the current period, increasing to high by the middle
the centuryCIDsrelated to reduced moisture for both scenarios contribute significantly
the overall threat in the southern region. At the same time, in the south, by the middls
the century, RCP 4.5 also shows a very high level of threat from an increase in days"
snowfall of more than 10 mm and high threats in other periods. Similar to other regio
with the eception of the eastern regions, under the RCP 8.5 scenario, the threat o
increase in thi€ID remains high until the middle of the century, and by the end of th
century it becomes adium apparently due to rising temperatures.

At the same time, however, this scenario shows an increase in the threat of a deci
in snowcovernd snowfall from low in the current period to medium by the middle of th
century and high by the end of the century. The threat of a decresmmnicoverfor the
RCP 4.5 scenario remains at a medium level throughout all periods considered, as ir
east. The very high threat of drought is directly related not only to the reduction
snowcovey but also to the reduction in precipitation. In the souththieat level of this
factor is also very high for two out of three periods for both scenarios. Only in the curr
period is it high for RCP 8.5 amdediumfor the middleof the century undeéhe RCP 4.5
scenario.

Droughts and reductions in precipitation aswmbwcoverin the south clearly
contribute to an increase in the threat offlemgerousveather, which rises from low in
the current period for both scenarios to high and very high in the middle and end of
century under the high concentration scenario RCP 8.5, although for the model
concentration scenario RCP 4.5, slightly lower ttsreae obtained: medium and high
levels for the middle and end of the century, respectively. In the southern regiomtaltho
the wind indicators show a low level of threat, this is true for almost all periods and 1
both factors, which together contribute up to 5% to the overall threat in the regic
Obviously, the threat of increased wind speeds and gusts indicates yréxithi seas,
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where these winds are becoming stronger with climate change. Only at the end of
century for the RCP 4.5 scenario are there no threats of increased wind speeds.

MaKkcnmasibHa 3arposa Bn/aMBY 3MiHM KNIMaTUYHUX YUHHUKIB, %
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Figure 2.151 Maximum by category and total threat levels for the Carpathian

Mountains by scenario and period until the end of thec&gtryrelative to the period

1991 2010

Overall, forthe Carpathian Mountains (Fig. 2.15) a very high level of threat of
increased extreme precipitation, which can lead to flash floods, remains in all periods ur
both scenarios. The threat of an increase in days with moderate snowfalls, wicahsean
avalanches and other dangerous phenomena in the mountains, ranges from very high
current period for both scenarios to high in the middle of the centunyg Witthelincrease
to very high levels under RCP54 and for RCP 8.5, the threat remains very high in the
middle of the century and decreases to medium by the end of the century, apparently
to significant warming under this scenario, which reaches a very high level for temperai
CIDs. Also, the decrease smowcoveffor both scenarios fra a high level in the current
period increases to very high in the middle and end of the century, which may also
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influenced by the increase @xtremeheat and air temperature, the threat of which is higt
from the middle of the century in both scenarios arttiecurrentperiod for heat under
theRCP8.5scenario

MaKcumanbHa 3arpo3a BnAnBY 3MiHU KNiIMaTUYHUX YNHHUKIB, %
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Figure 2.161 Maximum by category and total threat levels for the Crimean
Mountains region by scenario and period until the end of the 21st century relative to t
period 19912010
Although the threat of reduced precipitation in the Carpathian Mountains for bc

scenarios is low in the current period, it is absent in the middle of the century and he
medium level at the end of the century under RCP 8.5, an average threat lavet&sed
drought has been obtained for all periods and scenarios, with the exception of the cul
period, which has a low threat level for RCP 4.5. An increase in wind speed, which he
medium level of threat at the beginning and middle of the cedkeryeasing to a low level
at the end of the century under RCP 4.5, may contribute to increased aridity and fire
The RCP 8.5 scenario is characterised by an increase in the threat of wind gusts from ¢
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level in the middle of the century to a high level at the end of the century, i.e. an ove
increase in the extremity of weather conditions in the Carpathian Mountains.

Unlike most of the regions already considered, the lowest cumulative threat le
(40%) was obtained for the RCP 4.5 scenario for the middle of the certtugyGnmean
Mountains (Fig. 216). This value is the lowest among all regions, periods and scenari
and consists of a very high threat of increased extreme precipitation and medium th
levels for six categories: increase@an aitemperature andxtremeheat, droughts and
fire-dangeous weather, and both sndype categoris.

In the current period, for both scenarios, the threat of increased extreme precipita
remains very high, with medium threats of increasedn aitemperature andxtreme
heat, droughts and reducgatbwcovera medium threat of reduced precipitation and a low
threat of increased wind gusts. The difference between the scenarios lies in éne hi
threatsof increased moderate snowfall and the absencecbaiageof fire-dangerous
weather for the RCP 4.5 scenario, while for the high concentration RGEeBdbsie, these
categories correspond to medium and low levethrefats As in other regions, the total
value of threats increases quite rapidly under the RCP 8.5 scenario, especially by the m
of the century, when it rises to 65% due to the fact thang@iumthreat levels in the
previous period increase to a high level, and for wind gustetiium while the threat of
increased moderate snowfall remahsnedium

For the Coastal Region(Fig. 2.17) the threats of an increase inean air
temperature anelxtremeheat are greater than those obtained in other regions, since ve
high levels are obtained not only at the end of the century under the RCP 8.5 scenatria
also heat has the maximum threat in this period and under another scenario from the m
of thecentury.
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MaKcmanbHa 3arpo3a BnauBy 3MiHU KNiIMaTUYHUX YUHHUKIB, %
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Figure 2.171 Maximum by category and total threat levels for the Coastal regior
by scenario and period until the end of the 21st century relative to the perio@0 D91

In other periods, the threat of increased heat is high for both scenarios. Due to
increase irmean aitemperature, the threat ischumin the current period and high in the
middle of the century for both scenariosmaininghigh for RCP 4.5 and increasing to
very high for RCP 8.5 by the end of the cent@iDsrelated to reduced moisture for both
scenarios, namely precipitation, including sfalls and snowcover contribute
significantly to the total threat in the coastal zone. Thus, in both scenarios, there is
increase in the threat of redusgwcoveand precipitation in the form of snow from low
in the current period to medium by the middle of the century. The threat of reduc
snowcoveby the end of the century remains at a medium level for the RCP 4.5 scena
and reaches a very high level for the R&PF scenan. Droughts and reductions in
precipitation angnowcovelin coastal areas clearly contribuo an increase in the threat
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of fire-dangerousveather, which rises from low in the current period for both scenarios 1
high and very high in the middle and end of the century under the high concentration R
8.5 scenario, while for the moderate concentration scenario RCPMesgliamlevel is
obtained for the middle and end of the century. At the same time, high threats are obta
on the coasts from an increase in days with snowfall of more than 10 mm for the curi
period and the middle of the century, but low for the end afehtury for RCP 8.5 due to
apparently significant warming. Under the RCP 4.5 scenatrio, the threat of an increas
this CID is high for the middle of the century aneédiumfor the other two periods. For
the coastal zone, the greatest threats are from an increase in wind speeds. The threat |
for the middle of the century, medium for the end of the century, and low for the curre
period for the RCP 8.5 scenario. Untlex RCP 4.5 scenario, the threat of increased winc
speeds and gusts is also higlthie current period, but decreases to low in the middle of th
century and disappears by the end of the century. In all periods, the threat of sea leve
is highest under both scenarios.
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3. ASSESSMENT OF THE VULNERABILITY OF THE CROP PRODUCTION
SECTOR TO CLIMATE CHANGE

3.1. Sensitivity ofcrop production to climate change

Sensitivityis the degree to which a system or object is negatively or positivel
affected by climate change, and it does NOT depend on its geographical location. In
assessments, viecused orthe negative impact of climate change. Therefore, along witt
the weighting coefficients of sensitivity to climate change, which corresponds specifica
to negative effects, the directions of change are indicated, namely increases or decre
with correponding up and down arrows (Table 3.1). For example, a reduction in tl
growing season is considered negative for both proguction and animal husbandry
Therefore, the lengthening of the growing season due to the predicted warming will
have a negate impact on these sectors of agriculture.

According to the experts' estimates presentethblle 3.1, the highest sensitivity
coefficient forcropproductiornto droughts (1.3) is expected. In the same categ@i,
which characteriseretanddry conditionscropproductionis highly sensitive to increases
in very heavy precipitation and maximum precipitation over 1 and 5 days (0.6, 0.5 ¢
0.4, respectively)Crop productionis highly sensitive to a decrease in precipitation in
April and July (0.5 each), less so in October, January and annual precipitation (0.3,
and 0.1, respectivelylrop productionis also quite sensitive to an increase in days with
fire-dangeousweather (0.3).

In the heat and cold categogrpp productionis highly sensitive to increases in
maximum daily and extreme air temperatures in summer (0.6 each), tropical nights
mean aitemperature in July (0.4 each), but also to an increase in the number androst
icedays (0.5 and 0.4, respectively). There is less sensitivity to a reduction in the grow
season and the temperature of very cold days (0.3 each). In this category, the sensitiv
an increase in temperature in April is 0.2, and the change neshof the€CID is 0.1.

Among other categories, the sensitivity @bp productionto a decrease in
snowcoverand an increase in wind gusts is also quite high (0.4 each). The change in o
CID in the categories of snow, wind and coastal is up t@ricase in snowfall of more
than 10mm/day).



Table 3.1. Sensitivity afropproductionto changes in climatic factors with weighted coefficients aggregated by category

. Crop production |
IPCC CID IPCC CID Category CID name Units Assessme| Amount
nt by categor

0.1
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0.5
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The greatest sensitivity afop production according to aggregate estimates, is to
an increase in extreme heat (1.7), followed by a decreasean precipitationfl.6), an
increase irheavyrains and pluviafloods (1.5), droughts (1.3), and an increasa&an
air temperature (1.1). Less, but still significant sensitivity to increased frosts (0.9) a
reducedsnowcovemith snowfalls (0.6)The sensitivity of the industrtp changes in all
other categoriesf CID is low.

3.2. Vulnerability

The vulnerability of an industry (system) is its susceptibility to negative impact
Vulnerability is proportional to the degree of change in varehasatic impactdrivers
(CIDs) and elements, including sensitivity or susceptibility to damage and the inability
cope and adapt. According to the glossary in the Second Working Group of then®CC,
vulnerability index is "a metric that characterises the vulnerability of a system. Th
climate vulnerability index is usually calculated by combining, withitrout weighting,
several indicators thate assumed to represent vulnerability."

In this study, we calculated vulnerability as the sum ofntlétiplication of the
degrees of impact of ea€D on sensitivity to its negative impact. Since the sum of the
weighting coefficients of sensitivities to 8Ds for all sectors is 18u. (Table 3.1), and
the maximum degree of impact is determined by 10 main categories |BfGGealso
within the range of 10 (Figs.Z0i 2.17), vulnerability can be represented as a percentag
(%), where 100% meart®mplete degradatioor significantdamage and lossésr the
sector (system):

Vulnerability (%)= x (32 CID) Degree ofCID impact x Sensitivity t&€CID

The analysis focuses primarily on the negative reactions of the system to extel
influences that require certain adaptation measures, as a result of which it is possib
reduce sensitivity to certai@lDs or even switch the enti@op productionsector to
greenhouse cultivation with full climate control. This will not be able to completel
eliminate the impact of climate change, for example due to flooding, lack of drinking wa
due to drought, etc., bat leassignificantly reduce losses, althougich measures will
certainly require significant capital investments.

To assess the vulnerability@bpproductiorto climate change in different regions
of Ukraine, corresponding maps were created for the periods 2041, 20412060, and
2081 2100 for two scenarios: RCP 4.5 (moderate GHG concentrations) and RCP
(business as usual, high GHG concentrations) 8Fig.

Analysis of statistical data on crppoductionvulnerability obtained in calculations
using aggregation of allIDs (Table 3.2) showed that the highest values of the indicatc
for Ukrainewill be observed at the eraf the 21stcentury: for the RCP 4.5 scenario,
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within the range of 22% to 46%, and for the R&PB scenario, from 33% to 59%,
depending on the region. In the current period BR@40, in both scenarios, the
vulnerability values are spatially almost identical and are within the low and mediu
range of up to 30%. Only in the South, Coast, East andeCdaées crogproduction
vulnerability sometimes exceed 30% and become highthéoperiod2041 2060, the
difference in cropproductionvulnerability between the two scenarios gradually begins tc
increase.

Next, we will consider the results obtained by region.

2021 - 2040 2041 - 2060 2081 - 2100
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Figure3.1 Vulnerability ofcrop farmingio changes in allimatic impactdrivers
(CID) for scenarios and periods until the end of the 21st century.
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Table 3.2. Statistical estimates of cmpductionvulnerability to climate change
by region, scenario and period (%)

Crop production
_ , 2021 2041 2060 2081 2100
Region Scenario - - -
min | mean| max | min | mean| max | min | mean | max

RCP 4.5 31 33
West

RCP 8.5 37 34 41

RCP 4.5 32 31 37
North

RCP 8.5 30 35 39 45

RCP 4.5 30 34 33 43
Centre

RCP 8.5 31 39 39 47

RCP 4.5 31 34 33 43
East

RCP 8.5 31 33 40 43 49

RCP 4.5 35 30 38 38 46
South

RCP 8.5 33 35 43 41 49
Carpathian RCP 4.5 33
Mountains RCP 8.5 30 | 33 39 46
Crimean RCP 4.5 30 31 35 41
Mountains RCP 85 32 | 37 | 43 | 44 _

RCP 4.5 35 32 37 31 40 45
Coastal

RCP 85 34 | 33| 38 | 43 | 44 -

3.2.1. South

Among the regions considered, the Southern region has the highest maxim
vulnerability values of 59% at the end of the century (Table 3.2), with both the east ¢
north (as well as other regions), the highest concentration scenario RCP 8.5 has the Ic
cumulative value (40.25%) in the current period, while under the RCP 4.5 scenario,
vulnerability value in thiperiod is higher and amounts to 42.5% (Apperdix1). The
maximum vulnerability value increases slightly to 38% by the middle of the gersing
to 46% by the end of the century untie® moderate concentration scenario (Tat8¢. 3
As in other regions, the total vulnerability value increases quite rapidly under the RCP
scenario, especially by the middle of the century, when it reaches 43%, and by the er
the century, when it reaches 59%, with 6 out of 10 impa&édat a very high level and
the others at a slightly lower level: two related to an increase in the extremity of snowf:
(high level) and a decreasesnowcovel(medum), and two more at a low level, which
are associated with an increase in wind speed and gust.{H)g.

In the southern region, vulnerability to droughts throughout the 21st centu
remains very high for all periods and both scenarios (Fig. 3.2). The vulnerabditypof
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productionto increased extreme precipitation, which can cause heavy rainfall and fla
floods, heat anthean aitemperatures, as well as redusedwcoveris increasing over
time. The combination of all these factors can cause cascading risks in the reg
including forcropproduction

Vulnerability due to reducednowcoverfor the RCP4.5 scenarioremains at a
medium level throughout all periods considered, as in the east. The very high contributi
to drought vulnerability are directly related not only to redusrsalvcovey but also to
reduced precipitation. In the south, the vulnerabdftthe sector to changesthis factor
is also very high for two out of three periods for both scenarios. As a result, the maxim
vulnerability in the current period is slightly higher for REBthan for RCP 8.535%
versus 33%. Droughts and reductions in precipitatiorsand/covein the south clearly
contribute to an increase in the vulnerabiblycrop productionto fire-prone weather,
which rises from low in the current period for both scenarios to high and very high in 't
middle and end of the century undee high concentration scenario RCB @ig.3.2).

Table 3.31 Statistical estimatesf cropproductionvulnerability to climate
change by scenario and period f&)the southern region

South
RCP4.5 2021 2040 2041 2060 2081 2100
Max 35 38 46
mean 30 38
min 19
RCP8.5 2021i 2040 2041i 2060
max 33 43
mean 35

min
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Figure3.2.1 Maximum vulnerability ocropproductionin the southern region in three
periods under two scenarios compared to sensitivity (Ibesedivided intoCID
categories (colours)

3.2.2. Centre

For the central region as a whole, similar assessments of promfuction
vulnerability were obtained as for the western and northern regions, but with increa
vulnerability associated with reduced moisture. At the same time, throughout the 2
century, for all periods and both scenarios, the contributions to maximum vilityerab
from increased extreme precipitation, which can cause heavy rainfall and flash floods,
droughts are increasing (Fig. 3.B)the centre, contributions to vulnerability increase due
to an increase in the number of days with snowfall exceeding 10 mm, but under
RCP8.5 scenario, they decrease by the end of the century, apparently due to more r
warming and less precipitation in the form of snow. This confirms the observed incre:
in vulnerability due to the decreasesmowcoveiland snowfall (Fig3.3).

In the central region, vulnerability is currently almost the same for both scenari
but the maximum value of 30% is obtained for the RCP 4.5 scenario, which correspo
to the high vulnerability category. By the middle and end of the century, the maximt
vulnerability values increase to 34% and 43%, respectively, for the RCP 4.5 scenario
to the absence of threats from wind factors (Big, Table A.1.2). However, under the
RCP 8.5 scenario, the rate of increase in vulnerability increases signifieantliby the
middle of the century, the statistical values of ggamuctionvulnerability in this region
practically correspond to the values under the RCP 4.5 scenario at the end of the cel
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(Table3.4). By the end of the century, under the RCP 8.5 scenario , areas with very h
vulnerability (up to 53%) appear mainly in the north of the region (Poltava Oblast).

Table 3.4 Statistical estimates cropproductionvulnerability to climate change
by scenario angeriod (%) for the central region

Centre
RCP4.5 2021 2041 2060 2081 2100
max 30 34 43
mean 33
min 16
RCP8.5 2021 2040 2041 2060 2081 2100
max 39
mean 31
min
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Figure3.3.1 Maximum vulnerability otrop productionin the central region in
three periods under two scenarios compared to sensitivity (lagetivided intoCID
categories (colours)
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3.2.3. West

The crop productionsector in the western region throughout the 21st centur
remains the least vulnerable among all regions and for both scenarios (Fig. 3.1). Eve
the end of the century, according to the RCP 4.5 scenario, the average vulnerability o
sector remainstaa medium level (27%), as in the Carpathian Mountains, with higl
vulnerability values only in the south of the western region in the Chernivtsi region anc
some areas of Zakarpattia. However, under the high concentration scena@d R&ven
in this region, the vulnerability afrop productionat the end of the century increases to
high and very high (Tabl&.5) in Chernivtsi and in the south of Ternopil and
Khmelnytskyi regions (Fig3.1).

The greatest contributions to cnegductionvulnerability in the region come from
increased heavy rainfall, as well as heat, aridity and days with snowfall exceeding 10 r
although under the RCP 8.5 scenario it gradually decreases, apparently due to more
warming and less precipitation in tfeem of snow (Fig3.4). This confirmghe increase
in vulnerability due to reducexhowcoveland precipitation in the form of snow for both
scenarios. The increase in wind speed and gusts in the current @lsoochakes a
significant contribution to both scenarios, but only for the RCP 8.5 scenario does it per
throughout the century and increase to its maximum. Similarly, the vulnerabititgpof
productionincreases under thisigh concentration scenario due to an increase in the
number of days with fikhazardous weather, although for the moderate concentratic
scenario RCP 4.5, there is no vulnerability in the current period and a low level from
middle to the end of the century

Table 3.5. Statistical estimates of cpppductionvulnerability to climate change by
scenario angeriod (%) for the western region

West
RCP4.5 20211 2040 2041 2060 2081 2100
max 31 33
mean
min 13 17
RCP8.5 20211 2040 2041 2060 2081 2100
max 37
mean
min
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Figure3.4.1 Maximum vulnerability ocrop productionin the western region in three
periods under two scenarios compared to sensitivity (Ibesedivided intoCID
categories (colours)

3.2.4. East

For the eastern region, the estimates of proguctionvulnerability in the current
period are mostlynediumand almost identical for both scenarios (from 16% to 31%), bu
begin to differ significantly from the middle of the century and reach very higl
vulnerability values of 54% by the end of the century under the RCP 8.5 hi
concentration scenario (Fig.l, Table3.6).

In the eastern region, crggpoductionvulnerability is mainly caused by droughts,
reduced precipitation, increaseskean airtemperature an@xtremeheat, as well as
increased extreme precipitation, which can cause heavy rains and flash floods. At the <
time, in the east, for RCP 4.5, there are also significant contributions to vulnerability frc
an increase in the number of days with snowfall eogel0 mm, and unlike other
regions, under the RCP 8.5 scenario, the vulnerabilitrad productionto this factor
remains high over the century. This scenario also shoviiscreasen vulnerability due
to a decrease snowcoerand snowfall. Vulnerability to a decreasesimowcovefor the
RCP 4.5 scenario remains at an average level throughout all periods consideB2s) (Fig.
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Table 3.6. Statistical estimates of cmpductionvulnerability to climate change by
scenario and period (%) for the eastern region

East
RCP4.5 2021 2040 2041 2060 2081 2100
max 31 34 43
mean 33
min 16
RCP8.5 2021 2040 2041 2060 2081 2100
max 31 40
mean 33
min
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Figure3.5.1 Maximum vulnerability ofanimal husbandrin the eastern region in
three periods under two scenarios compared to sensitivity (afefivided into
categories of vulnerability (colours)

3.2.5. North

For the northern region, estimates of maximum vulnerability to changes in clima
impactdrivers are similar to those for the western region. Thus, throughout the 21
century, for all periods and both scenarios, high contributions to vulnerability are obtair
from an increase in extreme precipitation, which can cause heavy rains and flash flc
(Fig. 3.6). Also, for both scenarios, there are significant contributions to vulnerability fro
an increase in days with snowfall exceeding 10 mm, although tned@CP 8.5 scenatrio,
it decreases by the end of the century, apparently due to more rapid warming and
precipitation in the form of snow. This confirms the observed increase in vulnerabili
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from the decrease snowcoveiland snowfall by the end of the century for both scenario:
(Fig. 3.6).

The vulnerability ofcropproductionin the region to risingneantemperatures and
extremeheat is only significant at the end of the century under the RCP 8.5 scenario
previous periods and for the RCP 4.5 scenario, the contributions of this cateGty of
are smaller. Similarly, vulnerability to increased drought has a significant contribution f
both scenarios, and by the middle of the century, it is highest under the RCP 8.5 scer
(Fig. 3.6). The region's vulnerability to fi@angerousveather increases over the century
to a maximum under the high concentration RCP 8.5 scenahioygh for the moderate
concentration RCP 4.5 scenario, there is also no vulnerability in the current period ar
low level from the middle to the end of the century.

The increase in wind speed and gusts in the northern region has a low contribu
to vulnerability compared to the western region. Thus, for both scenarios, a I
contribution to vulnerability from increased wind gusts is obtained for the current peric
The low level of vulnerability to wind gusts remains for the RCP 8.5 scenario throughc
the century, and at the end, a low level of vulnerability to increased wind speeds is «
added (Fig3.6).

Thus, in the current period, the vulnerability of dnep productionsector for the
RCP8.5 scenario averages 20% and 23% for the RCP 4.5 scenario (Table 3.7). Howe
in the future, the rate of increase in vulnerability under the RCP 8.5 scenario will accelel
and, by the middle of the century, will significantly exceed the total vulitigraimder
the RCP 4.5 scenario: average values of 26% in the middle and 31% at the end o
century, compared to 30% and 45% with a maximum of 51%, which is already a Vv«
high level of vulnerability, for the high concentration scenario RCP 8.5 mitieie and
end of the century, respectively.

Table 3.7. Statistical estimates of cpductionvulnerability to climate change by
scenario and period (%) for the northern region

North
RCP4.5 2041 2060 2081 2100
max 32 37
mean 20 31
min 14
RCP8.5 2021 2040 2041 2060 20811 2100
max
mean
min
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Figure3.6.1 Maximum vulnerability ocropproductionin the northern region in
three periods under two scenarios compared to sensitivity (afedivided intoCID
categories (colours)

3.2.6. Carpathian Mountains

The Carpathian Mountains region is located in the middle of the western regic
but has an altitude of over 400 metres above sea level, and there are 252 RCM grid n
on its territory (Fig. 2.9). The vulnerability values obtained for the current pennogk r
from 11% to 24% for both scenarios, which corresponds to the lowest vulnerability of 1
industry among all regions (Tal8e).

By the middle of the century, the vulnerability levels in both scenarios are almc
the same, but the differences between the moderate and high concentration scenaric
greater in terms of vulnerability from increased moderate snowfall and highempseuss
under RCP 4.5 versus higher heat and increasetigusts under RCP 8.5 (Fig. 3.7).

By the end of the century, with climate change, the vulnerabiltyopfproduction
is also increasing in both scenarios, but will remain the lowest within Ukraine: from 22
to 33% under RCP 4.5 and from 33% to 4é8der RCP &, i.e. it will not reach a very
high level (Table3.8). The share of the impact of increased average wind speed in t
vulnerability decreases, but the share due to increased moderate snowfall increase:
the end of the century, under the RCP 8.5 scenario, the vulnerabilitycabpipeoduction
sector increases to medium, with a maximum value of 46%, which already indicates
vulnerability. It consists of vulnerabilities from all categorieslohatic impactdrivers
of which the largest contribution is expected from increased heat and extrel
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precipitation, and less from increasatean temperature, droughts and snowfalls
exceeding 10 mm/day. However, an increase in the number of days wdarfgeous
weather and wind gusts, as well as a decrease in precipitatiosnendovey also
contribute significantly to overall vulnerability (Fig.7).

Table 3.8. Statisticastimate®f cropproductionvulnerability to climate change by
scenario and period (%) for the Carpathian Mountains region

Carpathians

RCP4.5 2021 2040 2041 2060 20811 2100
max 33
mean 18
min 11 15
RCP8.5 2021 2040 2041 2060 2081 2100
max 30 46
mean 39
min 33
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Figure3.7.1 Maximum vulnerability ofcropproductioin the Carpathian
Mountains in three periods under two scenarios compared to sensitivity lflayver
divided into categories of vulnerability (colours)

3.2.7. Crimean Mountains

The Crimean Mountains region is directly adjacent to the coastal zone on 1
southern shore of Crimea. It is the smallest of the regions considered and contains on
RCM grid nodes with an altitude of more than 400 m above sea level (Fig. 2.9).
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In the current period, almost identical values of the total maximum vulnerability |
the region were obtained: from 16% to 28% and from 21% to 29% for both scenar
(Table 3.9). At the same time, only the minimum vulnerability value in the region of 16
under the RCP 4.5 scenario remains in the low category, while all other statistical val
are in the medium vulnerability category, up to a maximum of 28% and 29% under |
moderate and high GHG concentration scenarios, respectively Graple

Table 3.9. Statistical estimates of cmpductionvulnerability to climate change by
scenario and period (%) for the Crimean Mountains region

Crimean Mountains

RCP4.5 20211 2040 2041 2060 2081 2100
max 30 41
mean 35

min 16 31
RCP8.5 20211 2040 2041 2060 2081 2100
max 43

mean 37

min 32
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Figure3.8.1 Maximum vulnerabilityof cropproductionin the Crimean
Mountainsin three periods under two scenarios compared to sensitivity (lager
divided intoCID categories (colours)

By the middle of the century, vulnerability under the high concentration scenat
RCP 8.5 exceeds that under the moderate concentration scenario RCP 4.5 (by 11¢
average) among all regions (Table 3.2) and reaches a high level of up to 43%.
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By the end of the century, vulnerability under the RCP 8.5 scenario reache:
maximum of 58% in the Crimean Mountains, with an average value of 50% also in 1
very high category, and a minimum of 44%, which exceeds the maximum of 41%, i.€
high level ofvulnerability for the sector, for the RCP 4.5 scenatrio, for which the indicatc
in the Crimean Mountains is within the range of 31% (Table 3.9). The difference
vulnerability values between the scenarios is mainly due to greater contributions from t
and aridity under the RCP 8.5 scenario in this region.

3.2.8. Coastal

Among the regions considered, slightly modified methodological approaches we
used for the coastal zone, since the number of categod@matic impacidrivershad to
be the same in order to harmonise the assessment with other geographical reg
Therefore, for this region, two wirdiDs were combined into one and two coa§iHDs
were also combined into one by determining the maximum threat not only across
region but also among pairs of theSiDs. It is evident that for this coastal zone, the
maximum threat from an increase in coa§iiDs (sea level and storm surges) will be very
high in all periods (10 points in Fig.15), which could obviously affect the vulnerability
of the industry in the coastal region. However, since the sensitiwitppproductionto
changes in coastal factors is set at 0.1 for sea level rise (Table 3.1), the contribution t
vulnerability of the industry from changes irsCIDsis minimal in all periods.

Overall, for the RCP 4.5 scenario, the vulnerability value consists of many facto
of which, in addition to coastdlIDs, high levels of threats from increased extreme
precipitation, which can cause heavy rains and flash floods, and increased droughts,
the neighbouring southern region, for which it was noted that the combination of th
very high threats could causascading risks faropproduction

As in other regions, among the vulnerability assessments considered, the value
the current period obtained for the high concentration scenario RCP 8.5 is 34%, whic
lower, although close, to the estimates obtained for the RCP 4.5 scenario (T@ble 3.1

Table 3.10. Statistical estimates of cpppductionvulnerability to climate change by
scenario angeriod (%) for the coastal region

Coast
RCP4.5 2021 2041 2081 2100
max 35 37 45
mean 40
min 31
RCP8.5 20211 2040 2041 2060 2081 2100
max

mean
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Figure3.9.1 Maximum vulnerability oftropproductionin the coastal region in
three periods under two scenarios compared to sensitivity (agetivided intoCID
categories (colours)

As in other regions, vulnerability increases quite rapidly under the RCP 8
scenario, especially by the middle of the century, when it rises to an average of 38%
a maximum of 43%, and by the end of the century reaches a maximum of 58%, with 7
of 10 threats at a very high level (Fig. 2.15), while the others are slightly lower: a hi
level of threat from increased precipitation extremes, but low for moderate snowfall,
a medium level of threat from increased wind speed and gusts.
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4. ASSESSMENT OF THE VULNERABILITY OF THE ANIMAL
HUSBANDRY SECTOR TO CLIMATE CHANGE

4.1. Sensitivity ofanimal husbandryto climate change

It should be noted that the weight coefficients of sensitivitgnifal husbandry
obtained do NOT depend on the geographical region of location, but represent only
response of the industry under study to changes in environmental parameters, expre
in numerical terms (Table 4.1). Studies published by the FAO shoanihadl husbandry
iIs most affected by high air temperatures, changes in humidity and thermal radiat
indicators.

An expert assessment of the sensitivityanfmal husbandryo climate change
showed that the greatest impact on the industry is the increase in the duration of drou
The highest weighting coefficient of 1.1 has been assigned t€lidt is known that
droughts are atmospheric phenomena accompanied by prolonged periods of higt
temperatures, low humidity, and lack of precipitation, which will negatively affect bot
the condition of livestock and the yield of forage crops, as wethagjuantity ad
availability of drinking water.

The next group of criteria to whidivestock farmings highly sensitive is thermal
regime indicators. The highest weight coefficients here are 0.6 for climate indices sucl
the number of days with very strong and extreme heat. An increase in this indicator \
obviously indicate a period when the coratfitiof animals may deteriorate, their
productivity may decline, and the condition of forage land and natural pastures n
deteriorate with a decrease in their productivity. The industry is also higisiyige (0.6)
to increases in the maximum daily temperature during the summer, which will gener:
indicate an increased temperature background with the negative conseqguences ment
above. Such a Olas tropical nights is defined as the number of days when the minimu
(mainly nightt i me) air temperature i s above
indicator is also 0.6. If the value of the indicator increases, this will lead to higkinght
temperatures making it impossible for livestockd aforage crops to recover
physiologically after daytime heat stress. Sensitivity to the decrease in temperature on
cold days in the winter months (cold spells) is also high (0.6). An increase in the num
of such periods may lead to an increase encibst of keeping livestock indoors and to a
general deterioration in the condition of the animals.

Slightly lower (0.5) is the sensitivity of the industry to changes in indices such ac
reduction in the length of the growing season and an increase in the Humidex index, wi
is based on average maximum temperatures in the summer months and air hum
indicators, as well dseatingdegreedays. Current climate change trends indicate that th
growing season is likely to increase, which may have a positive impact on the indus
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due to the possibility of improving the feed base by growing a second crop of fodder crc
The Humidex index is also likely to increase, which will have an adverse effect on t
industry, as will all changes caused by rising summer temperatures andspaading
decrease in relative air humidity. Tineatingdegreeday index is likely to decrease, which
will improve conditions for keeping livestock indoors in wint&nimal husbandryis
moderately sensitive to increasesriaan aitemperatures (from 0.1 to 0.4). The highest
sensitivity (0.4) is to increases in tmeantemperature in July.

The sensitivity of the industry to the amount and pattern of precipitation is al:
medium The highest weight coefficient of sensitivity (0.5) is for the index of maximun
precipitation over 5 days. Significant amounts of precipitation falling in a relatively shc
period of time are often torrential and can negatively affect the conditionagfef lands,
causingsoil erosion damage to plantings, and hindering grazing on natural pastures.

In relation to thelecrease adverage monthly precipitation values, the industry has
sensitivity indicators of 0iD.4. The greatest impact will be caused by a decrease |
precipitation in April and July (0.4) and slightly less in October (0.3). A decrease
precipitation in the spronand summer will obviously create conditions for a reduction ir
the harvest of forage crops and feed stocks, which will negatively affect the developmr
of the industry.

We note a moderate sensitivity (0.3) to precipitation patterns, represented by indi
such as maximum daily precipitation and annual very heavy precipitation. The industr
less sensitive to win@IDs (0.17 0.2) and the presencesifowcoverand snowfalthangs
(0.11 0.2).

According to aggregate estimates (last column of Tableahithal husbandrgs
most sensitive to an increase in extreme heat (2.3). The industry is also quite sensiti\
an increase imean airtemperature (1.7) and a decreaseniman precipitatior{1.4).
Sensitivity values are also high at 1.1 for an increasedavy rainsandpluvial floods,
droughts, as well as cold spells and, accordingly, detage of the heating period. The
mediumsensitivity ofanimal husbandrio an increase in frosts (0.4), and to changes ir
all other categories @ID, the sensitivity of the industry is low or absent (coastal).



Table 4.1. Sensitivitpf animal husbandrio changes ialimatic impactdrivers(CID) with weighted coefficients aggregated by
catego

Animal husband
IPCC CID IPCC CID Category CID name Units Amount per
Assessmen catedo

Annual near surface air temperature 0.1
January rean air temperature
MEAN AIR April mean air temperature
TEMPERATURE July man air temperature
October man air temperature
Growing seasofength

HEAT AND
COLD

0.2
0.3
0.4
0.2
0.5
0.5
0.5
0.2
0.2
11
0.1
0.2
04
0.4
0.3
0.5
0.3
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DROUGHT Maximum duration of drougtih 20 years dly 0.3 0.3
NUMBER OF DAYS
WITH FIRE WEATHER Fire hazard index > 30 dly 0.3 0.3
FWI >30

NUMBER OF DAYS WITH SNO : 02

NUMBER OF DAYS WI TH SNOWFALL O 10 M 0.1 0.1
0.1 0.1

0.2 0.2

0.0 0.0

EXTREME SURGESTORMLEVEL (COASTAL FLOOD) 0.0 0.0

Total 10.0 10.0
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4.2. Vulnerability

The vulnerability of a sector (system) is its susceptibility to negative impact
Vulnerability is proportional to the degree of change in varehasatic impactdrivers
(CIDs) and elements, including sensitivity or susceptibility to damage, and the lack
capacity to cope and adapt. According to the glossary in the Second Working Grouj
the IPCC.the vulnerability index is "a metric that characterises the vulnerability of a
system. The climate vulnerability index is usually calculated by combining, with c
without weighting, several indicators ttase assumed to represent vulnerability."

In this study, we calculated vulnerability as the sum ofntinétiplication of the
degrees of impact of each CSE on sensitivity to its negative impact. Since the sum of
weighting coefficients of sensitivities to 8Ds for all sectors is 1@onventional units
(Table 4.1), and the maximum degree of impactGiDs is determined by 10 main
categories ofPCCalso within 10 (Fig2.107 2.17) vulnerability can be represented as a
percentage (%), where 100% means complete or significant damage and losses t«
sector (system):

Vulnerability (%)= x (32 CIDs) Degree ofCID impact x Sensitivity t&€ID

The analysis focuses primarily on the negative reactions of the system to extel
influences, which, due to the absence/incompleteness/impossibility of adaptation, can
to its deterioration or degradation. The degree of vulnerability is quantitadisedssed
using weighting coefficients of the sensitivity of the system (sector) to the intensity
external factors, in this case to climampactdrivers(CID). The degree dfIDsimpact
is shown in Table .2.

Next, we will consider the obtained assessments of the vulnerability aithel
husbandrysector to climate change by region, using maps (Fig. 4.1) and statistic
characteristics (Table 4.2) for three periods (2@R20, 20412060 and 20812100) and
two representative concentration pathways (RCP) scenarios, RCP 4.5 and RCP 8.5.
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Figure4.1.7 Vulnerability of animal husbandrio changes in atflimatic impact
drivers(CID) for scenarios and periods until the end of the 21st century.

Table 4.2. Statistical estimates of the vulnerabilitgromal husbandrpo climate
change by region, scenario and period (%)

Animal husbandry
. ) 20211 2040 2041 2060 2081 2100
Region Scenario - -
mean
RCP 4.5 14
West RCP85| 16
RCP 4.5 15
North RCP85| 18
RCP 4.5
Centre
East
South
Carpathians
Crimean
Mountains

Coastal areas
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4.2.1. South

Numerical calculations o&nimal husbandryulnerability indicators to climate
change in the current period 202040 show approximately the samediumlevels of
the industry's vulnerability to climate change in both scenarios (Table 4.3). Only in a f
small areas in the western part of Mykolaiv Oblast and the-easgtern part of Odesa
Oblast, the soutkastern part of Zaporizhzhia Oblast for RCP 4.5, anddb#swestern
part of Odesa Oblast and the western part of the Autonomous Republic of Crimea for F
8.5 (Fig. 4.1), the indicators mowgo the high vulnerability category with a maximum
value of 32% (Tabld.3).

W CepennAa TemnepaTypa lNogiTpA
(Mean Air Temperature)

W EkcTpeMarnbHa cneka
(Extreme Heat)

B Xsuni xonogy
(Cold Spell)

BpasnmeiciblCKoTapeTBal: Iﬂulzqub Livestock vulnerability - South | RCP 4.5 2021 - 2040

Mopoau
(Frost)

W YcepenHeHi onagu
(Mean Precipitation)

BpasivBiCiblEKOTapCTEa -ﬂiBElele Livestock vulnerability - South | RCP 4.5 2041 - 2060

3n1BM Ta [LOLLOBI NABOAKU
(Heavy Precipitation and Pluvial Flood)

CrvEpEEESENEE Live.stock vulnerability - South | RCP 4.5 2081 - 2100
Mocyxun

(Droughts)

MoxexoneGeaneqHa noroaa
(Fire Weather)

W Criroeuid nokpus (Snow Cover)
& Cuironapm (Snowfall)

[ri 3 nomipim crironagom
(Moderate snowfall days)

BpasiWeicibl CKoTapcTea -IﬂiB/:leHb Livestock vulnerability - South | RCP 8.5 2021 - 2040

pereak [liegeHb | Lives

BpasiveicyblE

k vulnerability - South | RCP 8.5 2041 - 2060
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(Mean wind speed)
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(Severe wind storm)
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(Relative sea level rise)

Figure 4.21 Maximum vulnerability ofanimal husbandrin the southern region
in three periods under two scenarios compared to sensitivity (@fetivided into
categories of vulnerability (colours)
The vulnerability ofanimal husbandrio such changes is assessed as high in bot

scenarios. The difference is that in the RCP 4.5 scenario, vulnerability is high in mos
the territory, but in the north of Zaporizhzhia Oblast and in central Crimea, it is asses
as medium (Fig. 4.1). Undéhe RCP 8.5 scenario, the vulnerabilityaofmal husbandry
is high throughout the southern region, with an increase in indicators in the south
Mykolaiv Oblast, the soutivest and south of Odesa Oblast, as weilhdlse centre and
west of Crimea. The maximum values for the scenarios are 37% and 43%, respective

In the distant future (2082100), the difference ianimal husbandryulnerability
indicators between scenarios becomes significant. In the case of RCP 4.5, the vulneral
of the industry will remain ediumwith a slight increase in estimated values, while in the
more severe RCP 8.5 scenario, vulnerability will be very high with a relatively unifori
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distribution of estimated values across the region. For this péhedegion has the
highest vulnerabilitylevekin Ukraine for both scenario$ 44% and 60%, respectively
(Tables4.2 and 4.3)

Table 4.3. Statistical vulnerabiligf animal husbandrio climate change by
scenario and period (%) for the southern region

South

RCP4.5 2021 2041 2060 20812100
max 32 37 44
mean 31 38

min 32
RCP8.5 20212040 2041 2060 20812100
max 32 43

mean 37

min 30
4.2.2. Centre

In the current climate period 2022040, low (northwestern and nortkastern
regions) ananediumvulnerability levels for theanimal husbandrgector were obtained
for the central region for the RCP 4.5 scenario. For the RCP 8.5 scenario, a unift
distribution of vulnerability of the sector agediumwas obtained (Tablé4).

By the middle of the century, in the period 202060, vulnerability increasgand
differences between scenarios become apparent. While for RCP 4.5, vulnerab
increases to a medium level with occasional high levels for virtually all central regior
for the RCP 8.5 scenario, the indicators point to a potentially high vulrigrakith the
exception of certain areas of the Vinnytsia region, where vulnerability will remain at
medium level. The maximum values for this period are 33% and 40%, reslye(ttig.

4.1, Tabled.4).

In the distant future (2082100), when significant changes in the thermal anc
moisture regimes are expected, the vulnerability of the industry to these changes
increase (Fig. 4.3). In the case of the RCP 4.5 scenario, a practically uniform distribut
of high vulnerability was obtained, with isolated point values of medium vulnerability i
the west of the Vinnytsia region (Figl). For the RCP 8.5 scenario, high vulnerability
was obtained in the west of the region (Vinnytsia, Cherkasy, and west&awa regions),
and very high vulnerability in the sou#fast. The maximum vulnerabilitgvelsfor this
period under both scenarios are 41% and 55%, respectively @l4ble
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Table 4.4 Statistical estimates animal husbandryulnerability to climate
change by scenario apériod (%) for the central region

Centre
RCP4.5 20211 2040 2041 2060 20812100
Max 33 41
Mean 33
Min 16
RCP8.5 2021 2040 2041 2060 20812100
Max 40
Mean 32 49
Min 40

B Cepepna Temnepartypa [MosiTpa
(Mean Air Temperature)

W EKcTpeMarnbHa cneka
(Extreme Heat)

BRasIUBICTb. CKOTaDICTEa - LlenTp | Livestock vulnerability - Central | RCP 4.5 2021 - 2040
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Figure4.3.1 Maximum vulnerability ofanimal husbandrin the central region in
three periods under two scenarios compared to sensitivity (afefivided into
categories of vulnerability (colours)

4.2.3 West

It should be noted that this region is the most prosperous in Ukraine in terms of
state and prospectsarimal husbandrny the context of climate change (Fig. 4.4). In the
current period, we have predominantly low vulnerability for RCP 4.5 and predominan
medium vulnerability witHocal area®f low vulnerability for RCP 8.5 (Fig. 4.1).

By the middle of the century, in the period 202060, both scenarios show
medium vulnerabilityevelsfor the industry in the region (Table 4.5). The only difference
is that in the soutlkeast of the Khmelnytskyi region, under the RCP 8.5 scenario, there &
areas with high vulnerability of the sector (F@l). As a result, the maximum
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vulnerability indicators are obtained there: 28% and 35% according to the scena
respectively.

Table 4.5. Statistical estimates of the vulnerabilitgromal husbandro climate
change by scenario and period (%) for the western region

West
RCP4.5 20211 2040 2041 2060 2081 2100
max 32
mean 19
min 14 18
RCP8.5 20211 2040 2041 2060 2081 2100
max 35 49
mean 41
min 35

In the distant future (2082100), according to the RCP 4.5 scenario, virtually the
entire region will remain at medium vulnerability levels (except for a small area in tt
southeast). Within the flat part of the western region of Ukraine (except for th
Carpathians), this is the only contiguous region with such relatively low vulnerabili
indicators for the sector during this period. The maximum value of the indicator is 32
For the RCP 8.5 scenario, the vulnerability of the sector to climate chaaggessed as
high, with a maximum indicator of 49%.
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Figure4.4.i Maximum vulnerability olanimal husbandrin the western region
in three periods under two scenarios compared to sensitivity (@fetivided into
CID categories (colours)
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4.2.4. East

In eastern Ukraine, as in the south, significant changes in temperature e
precipitation patterns are expected, and therefore there is a high probability of a signific
change in the vulnerability ahimal husbandrp climate change (Fig. 4.5). In the current
period 20212040, both scenarios show average vulnerability indicators. The differen
is that for the RCP 4.5 scenario, there are isokated in the north of the region with low
vulnerability ratings, and for RCP 8.5, there are also isolated points in theesstithith
medium vulnerabilityevels (Fig. 4.1).
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Figure 4.51 Maximum vulnerability ofanimal husbandrin the eastern region in
three periods under two scenarios compared to sensitivity (l@afetivided intoCID
categories (colours)
By the middle of the century, in the period 202060 (Table 4.6), a significant

difference is expected if one or the other scenario is implemented. For RCP 4.5,
vulnerability of the industry will remain practically at the previous level (medium), witt
the exception of the south of Donetsk Oblast, where vulneraleNigl will increase to
high (Fig.4.5). However, for RCP 8.5, the vulnerabilitiyanimal husbandrill increase

to high.

In the distant future of 2082100 (Table 4.6), in the eastern region, as in the
southern region, the vulnerability level afimal husbandrwill increase according to
calculations for RCP 4.5 to high, and for RCP 8.5 to very high. The maximum valu
obtained are 43% and 57% according to the scenarios, respectively.
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Table 4.6 Statistical estimates animal husbandryulnerability to climate
change by scenario and period (%) for the eastern region

East

RCP4.5 20211 2040 2041 2060 2081 2100
max 33 43
mean 35

min 17 30
RCP8.5 2021 2040 2041 2060 2081 2100
max 30 42

mean 35

min 46

4.2.5. North

In terms of the vulnerability o&nimal husbandryo climate change and the
prospects for change in this indicator, the northern region of Ukraine is close to 1
scenario expected the central region (Table 4.1n the current period, for the RCF54
scenariothe level of vulnerability is assessed as low, with the inclusion of certain areas
the north and nortkast of the Chernihiv and Sumy regions, whaeglium level of
vulnerability wasobtained (Fig4.1). For RCP 8.5, a more even distribution of indicators
related to the gradation ohediumvulnerability values is obtained, with only a few
isolated indicators of low vulnerability.

Table 4.7. Statistical estimates of the vulnerabilitgromal husbandrio climate
change by scenario and period (%) for the northern region

North

RCP4.5
max
mean 18
min 15
RCP8.5 20211 2040
max
mean
min

2041 2060 2081 2100

35

2041 2060 2081 2100

By the middle of the century, in the period 202060, the industry's response to
climate change is expected to be more pronounced (Fig. 4.6). Under the RCP 4.5 scer
the vulnerability ofanimal husbandng expected to be atediumlevels, with a uniform
distribution, while under RCP 8.5uch mediunvulnerability levels will remain only in
most of the Zhytomyr region (except for the seedist), in the north of the Kyiv region
and in the nortieast of the Chernihiv region (Fi§1). The maximum indicators are 29%
and 34% according to the scenario (Tahh.
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Figure4.6.1 Maximum vulnerability ofanimal husbandryn the northern region
in three periods under two scenarios compared to sensitivity (bagevith division
into CID categories (colours)
In the distant future, in the period 202100, under a moderate climate change

scenario, the vulnerability of the sector is expected to be predominantly high (Table 4
with the exception of the norlestern part of Zhytomyr Oblast and small area®dhn
western Kyiv Oblast, where edium vulnerability to climate change will remain
(Fig.4.1). Under the RCP 8.5 scenario, a significant increase in air temperature is expe
during this period, as well as a whole range of natural phenomena assodiateig)hvi
temperatures. This will lead to an increase in the vulnerability of the sector to high lev
with a relatively even distribution across the region. The maximum values are 35% ¢
50% according to the scenarios (Table 4.7).

Mopueu BITPY
(Severe wind storm)

BigHocHwii piBeHb Mops
(Relative sea level rise)

UyrmeEicrs

4.2.6. Carpathian Mountains

In the current period of 2022040, the region has the lowest indicatorarafmal
husbandrywulnerability to climate change in Ukraine (Table 4.8). In other words, despi
the rather strong anthropogenic impact on the ecosystem of the Ukrainian Carpathians
global and regional climate change, the natural conditions for the development of
animal husbandrgector here remaithe leastvulnerable (Fig. 4.1). For RCP 4.5, the
vulnerability of the industry to climate change is low, with a maximum value of 21%
which already corresponds neediumvulnerability. For the RCP 8.5 scenatrio, the leve
of vulnerability in the mountains also remains low, but in the Transcarpathian part
increases tedium with a maximum value of 24%.
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Table 4.8. Statistical estimates of the vulnerabilitgromal husbandrio climate
change by scenario and period (%) for the Carpathian Mountains region

Carpathians
RCP4.5 20211 2040 20411 2060 2081 2100
max 31
mean 16
min 12 16
RCP8.5 20211 2040 2041 2060 2081 2100
max 45
mean 39
min 34

By the middle of the century, in the period 202060,morefavourable conditions
for the industry will remain in the region, with vulnerability to climate change under
moderate scenario remaining low (centre of the region) or medium, with a maximum va
of 25%. Under the RCP 8.5 scenario, vulnerability indrsatocrease to medium values,
with a maximum value of 29%.
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Figure4.7.i Maximum vulnerability olanimal husbandrin the Carpathian
Mountains in three periods under two scenarios compared to sensitivity lfiayver
divided into categories (colours)

In the distant future of 2082100, under the RCP 4.5 scenatrio, the vulnerability of
theanimal husbandrgector under the moderate scenario increases slightlyrneettiam
level across the region. However, attention should be paid to the sharp change
vulnerability indicators in the case of the RCP 8.5 scenario. Vulnerability indicato
increase to high levels, with a maximum of 45%. This fact confirms the significa
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differences in the changethethermalregime in the region under the RCB d4nd RCP
8.5scenariodor this period, as obtained in the modelling.

4.2.7. Crimean Mountains

In the current period (Table 4.@nimal husbandripas a predominantly medium
degree of vulnerability (22% and 24%)diimate change with only underthe RCP 4.5
scenariahe minimum value falls into the low vulnerability category (17%). In fact, the
vulnerability of the industry in the Crimean Mountains is lower than or comparable to f
this period with the Southern region, wheré 28% was obtained for RCP 4.5 and 21
32%for RCP 8.5.

By the middle of the century, in the period 202060, a certain difference in
climate change in the region is expected for each of the scenarios, with more inte
changes for RCP 8.5 (Fig. 4.8). Hence, there is a difference in vulnerabilégifoal
husbandrywhich will have a maximum of 29% for the moderate scenario and a maximu
of 42% for the more severe scenario, corresponding to the high vulnerability of t
industry.

At the end of the century, the difference between the scenarios increases, \
vulnerability rising to high (maximurii 40%) for RCP 4.5andto very high withan
averagevalue of 52% and a maximum of 5886 RCP 8.5Table 4.9).

Table 4.9. Statistical estimates (minimum, average and maximum values) of tt
vulnerabilityof animal husbandrio climate change by scenario and period (%) for the
Crimean Mountains region

Crimean Mountains

RCP4.5 20211 2040 20411 2060 2081 2100
max 40
mean 35

min 17 31
RCP8.5 20211 2040 20411 2060 2081 2100
max 42

mean 36

min 32
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Figure4.8.1 Maximum vulnerability ofanimal husbandrin the Crimean
mountains in three periods under two scenarios compared to sensitivityli@awver
divided into categories of vulnerability (colours)
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4.2.8. Coastal

For the Coastal region, the changeammal husbandryulnerability indicators
(Fig. 4.1) is also close to the indicators of the neighbouring Southern region due to
proximity of their geographical location, and while in the current period the coastal are
have slightly higher angractically equal vulnerability levelsnging from 2021% to a
maximum of 33% in both scenarios (Tald.0), by the middle of the century the
vulnerability indicators are comparable to those for the Southern region, and by the en
the century, in the period 2082100, the maximum vulnerability values for RCP 8.5 are
slightly lower for coastal regions: ¥8versus 60% for the South (Taldl2).

Table 4.10. Statistical estimates (minimum, average and maximum values) of t
vulnerability ofanimal husbandrio climate change by scenario and period (%) for the
coastal region

Coastal region

RCP4.5 2021 2040 2041 2060 2081 2100
max 33 37 45
mean 32 40

min 30
RCP8.5 2021 2040 2041 2060 2081 2100
max 33 43

mean 40

min 32 49
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Despite the fact that the threat of sea level rise and increased storm surge heig
this region is the highest (Fig1%), but since thanimal husbandrgector is not sensitive
to these coast&IDs (Table4.1), as it is believed that animals can be driven away fron
the coast, the contribution to vulnerability will be zero (Big).
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Figure4.9.1 Maximum vulnerability ofanimal husbandry the coastal region in
three periods under two scenarios compared to sensitivity (lower bar) divideédinto

categories (colours)
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5. CLIMATE CHANGE RISKS FOR AGRICULTURE

5.1. Methodology for determining climate risks

To assess the risks of climate change for agriculture, the concepts and definiti
set out inthe '"Methodological recommendations for assessing the risks and vulnerabil
of socieeconomic sectors and natural components to climate chapgeved by Order
of the Ministry of Environmental Protection and Natural Resources of Ukraine No. 3
of 03.06.2023, with some updates and additions to take into account the concepts
appeared in the latest IPCC report in 2@P23. This updated meitology was test
during the implementation of the EU APENA 3 project and continues to be used to ass
climate risks and vulnerabilities of economic sectors and individual systems a
territories.

Given that the risk of a particular event is probabilistic and therefore specific
differenthazards, the risk ofclimate changecan only arise when an industry (system) is
sensitive taand affected bya change in a climate indicatoy andis also exposedi.e.
located in the area affected by tiezard The exclusion of one dfielistedconditionsas
well asthe absence of the threat of climate changeeduces the risk to zero. Therefore,
the risk is calculated as the product of all the listed prerequisites:

Risk =Hazardx Exposure x Sensitivity Q)
Hazard= Maximum change inCID x Probability, (2)
where:

Maximum change inCID T proportional tahe impacbf the change in the factor
and determined in each category amonglatiatic impactdriversand takes values from
0 to 1, where @ insignificant, 02571 low, 0.5 17 medium, 07571 high, 17 very high
(Table2.2);

The probability of an event occurring is assignedanditionalvalue of 5 (95%
probability) at the current node of the climate model grid and 4 (75% probability) for tt
node adjacent to the current one. Since the probability of an event occurring is high
the location of the event is difficult to determine, tlgathm allows for the local nature
of changes irCIDs to be taken into account and, in general, smooths out fluctuatior
especially for extreme events. In this methodological approach, it is assumedathat i
extreme event ifoundin a specific node in the calculations based on an ensemble
climate models witlviascorrection, then the probability tife occurrence dhis event is
O095%, but its territorial location in
the assumption is made that the event may occur in a neighbouring node, but with a Ic
probability of 75%, for which we use a reduced coefficjéhin the identifiechazardg;
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Exposure(= 1)1 we assume thdhe agricultural sectas potentially affected by
risks throughout Ukraine, i.e. in every node of the geographical grid;

Sensitivity T the values of sensitivity to changes @iDs range from O to a
maximum of 2.3 as a result of combining weight coefficients BYD categories
established by th€CC(seesections 3L and 4.1 Tables3.1 and 4.):

1) increasein meantemperature (includes GIDs. mean aitemperatures for
the year, January, April, July and October);

2) increase in extreme heat (includes the follow@is. average maximum
daily air temperature for the summer months, number of days with very strong &
extreme heat, tropical nights, days with a Humidex index abowegligdegreedays);

3) increase in frosts (includesold spells and days with fr@st

4) decrease imean precipitatiorfincludes:mean precipitatiorior the year,
January, April, July and October);

5) increase in droughts and fidangeous weather (includes indicators of
maximum duration of rainless period and number of days with fire weatie>30 per
year)

6) increase in extreme precipitation (includes indicators: annual amount of ve
heavy precipitation, amount of precipitation per day and per 5 days);

7)  decrease isnowcoverand snowfall (includes: annual precipitation in the
form of snow and number of days withowcovelO 3 0 %)

8) increase in snowfall with an intensity of more than 10 mm per day (numb
of days with smow O 10 mm per day)

9) increase in wind speed and gusts (includes: average wind speeds and nur
ofdayswi t h wind gusts O 10.8 m/ s)

10) rise inmeansea level and increase in storm surge height (coastal factors)

Risks for the main sectors of agricultiireropproductionandanimal husbandry
were calculated and analysed for the nearest period 2020 and for the middle of the
century 20412060. That is, for the periods that are most critical for development ar
consideration of adaptation to climate change in Ukraine. At the same tojestipns
for the two scenarios considered were taken into account, and the maximum impact an
them wasleterminedor the risks.

It should be noted that for each of the factors included in the listed categories
climate change, the sensitivity of the industry and the total degree of impact we
determined depending on regional and temporal changes in climate change,
vulnerabiity (see sections 3 and 4 above).
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Thus, the risk calculation algorithm consists of the following steps:

1. Determination of the maximummpact value, which is proportional to the
maximum change at each point among thesin the category for each of the periods
2021 2040 and041 2060 of each RCR.5 and RCB.5scenarioThe results of this step
are essentially presented in subsection 2.10 for those subcategories where there was
than one factor. As an example, the maximum impact levels obtained in the categor
increased extreme precipitation for the Ivairankivsk region (Fig5.1) are given, where
there are sharp transitions between different natural Zomesintains and valleys, and,
accordingly, between the luas of the indicators.

2021 - 2040 2041 - 2060
A b A
N i
-+ .
O & 4
~ Ho fo
1-25 5 1-25
25-50 o min 0 25-50 L
50-75 ’ mean86 50-75 mean 76 -
f 75-100 max100 ] 75-100 max 100
A A
o
W'
o0 i° ~l'] -
Q. g i | Dy i
1-25 1-25 -
25-50 1 min 0 25'59 min25 <
50-75 mean 74 | ° 50-75 mean 67 -
§ 75-100 max 100 § 75-100 max 100
Ayxe sucokun 75 -100 | :3
Bucoxuit 50-75 ,:
Cepegnin  25-50 %
Husvkmnn  1-25 E
He3HauyHun 0 i:

Figure5.1.1 Example of the results of calculating the maximum degfeapact
on specific factoréredi very high impact, orangehigh, yellowi medium, greeii
low, bluei insignificant)
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2. For the result of the first step, find the maximum impact value for the nearest &
average periods under two scenarios at each node of the coordinate grid (Fig. 5.2),
align and search for the maximum impact, which willthe maximum impactrom

formula (2).

-25
), 25-50
50-75
§ 75-100 § 75-100
Lyxe sncoxmn 75 l £
Band iede Bucoxmin 30-75 2
fposanm Cepeppant 255
" Myt 1-25 2
Panowy 3
HeIHIUHNM ' =

Figure5.2.1 Example of the result of calculating the maximum impact Viaue
both scenariosf the specified factors
3. Calculatethe hazardusing formula (2)

a. Multiply the obtained values of the maximum impact in each of the node
by a conditional value of 5 for the maximum probabitifyan event occurring

b. Going through each node (“current"), determine the nodes adjacent to it (
more than eight) and perform a recalculation (&8): compare the value of the obtained
threat in the adjacent node with the value in the current one, which is multiplied by 4 (
probability of the event is letsan75%). Leave the maximum of the twazardvalues

obtained for the adjacent noffeg. 5.4):
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Figure5.3.1 Visualisationfor determining adjacent nodes and the maxirhamardn
them

If (Impact in the adjacent node x 5 (Impact in the current node x 4Xhen
(Hazardin the Adjacent Node) #Hazardin the Current Node x 4)
If this condition is not met, the valueHdizardin Adjacent Node remains

unchanged
2021 - 2040 2041 - 2060
- \
- :
0 9 2
O = >
& 2 )
!
)
q_ o N
Q. L (3] Sy i3] 1S
éﬁ) (3;4] = &4 )
1 5] 1“3l
23°0’E 24°0°E 25°0°E 26°0E 23°0E 24°0E 25°0°E 26°0°E
Ayxe sncoka (4;5] | &
M. IBaHO-D paHKiBCbK ligh  Bucoka (3;4] [ g
B [o0n \ Cepeanst (2;3] 3
it 7 Husbka (1;2] _ %
» . (o]
o B Hesnauna [0;1] | 8
"""""" MexXa ropu-piBHUHA |
Penbed

Figure5.4.7 Example of the result of calculating the degrelazfardrom
identifiedCIDs

4. To obtain the risk value in the ndde each categorynultiply thehazardvalue
by the sum of the sensitivities of the economic sector for that category. As a result of
algorithm,the riskcan take values from 0 to 20, which are classified according to tr
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following gradations (Fig. 5.9 1 1] i negligible [1T 3] T low, [3T7 6] T medium, [61
10]7 high, [107 20]7 very high.

Figure5.5.1 Exampleof the result of calculating the risk frorertainhazard

Thus, the risks from changes in climatigpactdrivers that had a negative impact
on the agricultural sector, namely cimpductiorandanimal husbandryvere calculated.
Let us move on to the analysis of the calculated risks for both sectors in Ukraine fr
climate change in the current (202040) and future (2042060) periods by type of
hazard

5.2. Climate risk assessments farop production

5.2.1.Meanair temperature

In the near future, 2022040,crop productionin Ukraine will be at low risk due
to an increase imean aitemperature. The risk will be within the range &4 2.8 points
in all regions of the country (Table 5.1). As a rule,riiean aitemperature affects the
sum of effective temperatures accumulated during the growing season. Taking i
account recent studies that have shown an increase netn@emperature in the near
future within 0.5UC per decade, the i
will not significantly affect the expansion of the species composition of cereals a
oilseedsAlso, there may be a minor impact of the increase in mean temperature on








































































































































































