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Bectyn | Introduction

3MiHa knimaTy B CBiTi po3rnagaeTbcs K
OfHa 3 HanBINbLLUMX 3arpo3 iCHYBaHHIO
noacTea Ha nnaHeTi. OcTaHHI OLiHKK
MixypsaoBOi rpynv ekcnepTiB 3i 3MiHK
knimaty npu OOH Ta KinbKicTb i
iHTEHCUBHICTb eKCTpeMarnbHNX
riApOMETEOPOIIONYHMX ABMLL, B OCTAHHE
DecatuniTTa NiaTBepaXytoTb Lien
HEBTILUHWUI BUCHOBOK. TOMY BCi KpaiHu
pa3oM i3 3MEHLLEHHAM BMNJIMBY Ha
KNiMaTU4yHy CUCTEMY LLUNAXOM 3MEHLLEHHS
BUKMAIB Ta BiOHOBMNEHHS MPUPOOHUX
NorfrMHadiB NapHMKOBUX rasiB BUMYLLIEHI
TaKoX po3pobnATy cTparterii aganTadii 4o
HOBUX KIIMaTU4YHUX YMOB, B SIKUX BOHU
nepebyBaloTb BXe 3apas, a Takox
OMUHATBLCA Yepes noganbLuy 3MiHy KnimaTty
B HACTYMNHi JeCATUNITTA.

3MiHa knimaTy B YKpaiHi BiabyBaeTbCca TaK
camo, SK i B iHLUMX YaCTUHAaX MiaHeTw,
NPUCKOPIOKOYNCHL B OCTaHHI AeCATUNITTA.
[na nnaHyBaHHSA BiQHOBNEHHSA Ta PO3BUTKY
YKpaiHn HeobxigHi BignoBigHI OLiHKK
MamnByTHIX KNiMaTUYHMX 3MiH, @ TaKoX
NnoB’si3aHi 3 HUMN PU3MKK Ta BPa3NMBICTb
€KOCUCTEM, XUTTEQIANBHOCTI Ntoaen i
CEeKTOpiB eKOHOMIKM KpaiHu. [ng uboro
po3pobreHi i BUKOPUCTOBYHOTbCSH HANHOBILLI
MEeToOM, a caMme YNCNOBE MOAENOBAHHS.
3okpema ansa ananisy ManbyTHbOI 3MiHU
knimaTty B YKpaiHi BUKOPUCTaHI
HaraeTanbHiLWi NpoeKUil KniMaTuyHnX
XapakTepuCTUK 4o KiHua XXI cTopivus 3
Mi>XXHapOAHOI iHiLiaTUBK KOOPAMHOBaHNX
€KCNEPUMEHTIB perioHanbHUX KiMaTU4HMX
mogenen (PKM) B €sponi Euro-CORDEX.
3moaenboBaHi AaHi NPONLLNKU CyYacHi
METOOM KOpeKLUii BioxuneHb
(bias-correction) Ta 3acTocyBaHHSA
aHcambGneBoro nigxoay.

Y UbOMY OOKYMEHTI NpeacTaBneHa oujiHka
3MiHU KnimaTty B YkpaiHi o KiHua XXI
CTOpIYY4A 3a ABOMaA CLiEHapisiMK
penpeseHTaTUBHUX LWNAXIB KOHUEHTpaLin

Climate change in the world is considered
one of the greatest hazards to the existence
of humanity on the planet. The latest
assessments of the UN Intergovernmental
Panel on Climate Change and the number
and intensity of extreme
hydrometeorological events in the last
decade confirm this disappointing
conclusion. Therefore, all countries, along
with reducing their impact on the climate
system by reducing emissions and restoring
natural sinks of greenhouse gases, are also
forced to develop strategies for adapting to
the new climatic conditions in which they
are already present, and will find
themselves due to further climate change in
the coming decades.

Climate change in Ukraine is occurring the
same way as in other parts of the planet,
and it has been accelerating in recent
decades. Planning the restoration and
development of Ukraine requires
appropriate assessments of future climate
change, as well as the associated risks and
vulnerability of ecosystems, human
activities and sectors of the country's
economy. For this purpose, the latest
methods have been developed and used,
namely numerical modelling. In particular,
for the analysis of future climate change in
Ukraine, the most detailed projections of
climate characteristics until the end of the
21st century from the international initiative
of coordinated experiments of regional
climate models in Europe Euro-CORDEX
were used.

The simulated data underwent modern
bias-correction methods and an ensemble
approach has been used.

This document presents an assessment of
climate change in Ukraine by the end of the
21st century under two scenarios of
representative concentration of greenhouse




napHunkoBmx rasis: noMmipHum (RCP 4.5) Ta
Bncokum (RCP 8.5). 3miHun ouiHIoI0THCA 3a
n’aTbMa reorpacdiyHmmn perioHamu (3axia,
MiBHiy, Cxig, UeHTp i lMiBAEHb), KOXEH 3
Aaknx o6'eqHye aekinbka obnacten Ykpainu
BiANOBIAHO A0 KNiMaTUYHOIO panoHyBaHHS
Ta NOAaHHSA NPOrHO3iB NOroAu, a TaKoX
npeacTtaeneHo okpemo Kapnatcbki Ta
KpuMmcbki ropu i npnbepexHa TepuTopis.
Bcboro npoaHanizoBaHo 32 YMHHUKK
KniMaTn4yHoOro BMMAMBY, siKi po3aineHi Ha
N'ATb KaTeropin KniMaTM4yHMX 3arpos: cneka
i Xonoz, 3BONOXEHHS | MOCYLUNMBICTb,
pPeXuUM CHiry, BITDOBUI PEXUM Ta
NpnbepexxHi YNHHUKN. Y KOXHIiN KaTeropii
po3rnaaatoTbCs MOKa3HUKN, AKi
XapakTepuayoTb 3MiHy CepeaHbOoro CTaHy
Ta eKCTPEMAanbHOro BiAXUIEHHS B
KniMaTu4Hi cuctemi, TO6TO B pesynbrari
OTpMMaHO NpocToposi po3noginu ansa 10
OCHOBHMX 3arpo3. BoHn BM3Ha4aoTbCa Ang
TpbOX ManbyTHix 20-piyHMX Nnepiogis:
notouHun (2021-2040), cepeanHa
(2041-2060) Ta KiHeLb cTopivYA
(2081-2100), nopiBHsIHO 3 6a3oBNM
nepiogom 1991-2010 pokiB.

OTpumaHi 3arpo3un € nepLunmM KPOKOM i
0a30t0 45151 HACTYNHUX KPOKIB i OLiHKM
BpasnMBOCTI Ta pU3UKIB Big 3MiHW KniMaTy
ONs1 Pi3HUX TEPUTOPIN Ta EKOHOMIYHUX
CeKTopiB YKpaiHu.

gas pathways: moderate (RCP 4.5) and
high (RCP 8.5). Changes are assessed for
five geographical regions (West, North,
East, Center and South), which unite a few
oblasts of Ukraine according to climatic
zoning and reporting of weather forecasts,
and the Carpathian and Crimean mountains
and the coastal area are also presented
separately. In total, 32 climatic impact
drivers have been analyzed, which are
divided into five categories of climate
hazards: heat and cold, wet and dry, snow
and wind regimes, and coastal factors. In
each category, indicators characterizing the
change in the average state and extreme
deviation in the climate system are
considered, i.e., spatial distributions for 10
main hazards are obtained. They are
determined for three future 20-year periods:
current (2021-2040), mid-century
(2041-2060) and end-century (2081-2100),
compared to the base period of 1991-2010.
The hazards obtained are the first step and
the basis for subsequent steps and
assessments of vulnerability and risks from
climate change for different territories and
economic sectors in Ukraine.

OaHi i metogun | Data and Methods

B ubomy nigpo3saini HagaHo onuc
BMKOPUCTaHWX AaHUX MoAenen Ta MeToais
X 06p0o0OKKM 4151 OTPUMAHHS CTYMNEHIB
BMnvBY, TOBTO, ManbyTHiX 3arpo3. Takox
HaBeOeHi XxapakTepUCTUKK cLueHapiis,
BM3HAYEHHS pPerioHiB Ta rpagauii cTyneHis
BMnvBY 32 KMiMaTUYHUX YMHHUKIB.

This section describes the model data used
and the methods for processing them to
obtain impact levels, i.e. future hazards. It
also provides scenario characteristics,
regional definitions, and impact degrees for
32 climatic drivers.




|lcTopnyHmin nepiog | Historical Period

Onga ictopnyHoro nepiogy 1991-2010 pokis
BMKOPWUCTAHO AaHi eBpoOnencoLkoi 6asm
AaHux E-OBS v20.0e. BoHa ccopmoBaHa
Ha WOAEHHMX iICTOPUYHUX
IHCTpYMeHTanbLH1X BUMipax Ta
CNOCTEPEXEHHAX METEOPOSTONYHNX CTaHLin
B yCiX KpaiHax €Bponu BKITOYHO 3 YKpaiHO
[hitps://www.ecad.eu/download/ensembles/

For the historical period 1991-2010, data
from the European database E-OBS v20.0e
were used. It is formed on daily historical
instrumental measurements and
observations of meteorological stations in
all countries of Europe, including Ukraine
https://www.ecad.eu/download/ensemble/d
ownload.php]. To obtain climatic

download.php]. na oTpumaHHS
KNiMaTUYHUX XapaKTepUCTMK PO3POBHUKM

uiei 6asn NnpoBoaunM CTaH4apTHI
npoueaypu nepesipkn Ha MOMUIIKKN BCiX
OTPMMaHMX JaHUX CTaHLUiN, a TakoX
roMoreHisauito i nepepaxyHok AaHux y
By3nv pesynspHoi citku 0,1 rpagyca.
MoTpibHO 3ayBaxunTu, WO B AKOCTi 6a30BOro
BUGMpaBCHA came iCTOpUYHUIA nepiog,
1991-2010 yepes Te, Wwo 3 2014 poky y
3B’A3KY 3 aHekcieto Kpumy Ta cxigHnx
TepuTopin YkpaiHu Pocincbkoto
depepadieto 6arato METEOPONOriYHNX
CTaHUin He npautoBanu abo He nepegasanu
BUMIPWU OO YKPAIHCbKMX Ta MiXKHapOOHMX
LeHTpiB 36opy gaHux. BignosigHo, AkicTb
icTopnyHux gaHnx B E-OBS 3 2014 poky
ans cxogy Ykpainu i AP Kpum 3Hmnsunacs.
Takox came ang nepiogy 1991-2010
pocnigHukammn YKpaiHCbKOoro
riapOMeTEeOoPONOriYHOro iIHCTUTYTY
nposoaunacs sepucdikauis gaHmx E-OBS
npo Temneparypy Ta onaau, sika
niaTeepauna, Lo BOHM BiANoBigaoTb
BUMipaM Ha METEOPOSIONYHMX CTaHLIsX.

characteristics, the developers of this
database carried out standard procedures
of checking for errors in all received station
data, as well as homogenization and
recalculation of data into 0.1-degree regular
grid nodes. It should be noted that the
historical period 1991-2010 was chosen as
the base period because since 2014, due to
the annexation of Crimea and the eastern
territories of Ukraine by the Russian
Federation, many meteorological stations
have not been working or have not
transmitted measurements to Ukrainian and
international data collection centres.
Accordingly, the quality of historical data in
E-OBS since 2014 for eastern Ukraine and
the Autonomous Republic of Crimea has
decreased. Also, for the period 1991-2010,
researchers from the Ukrainian
Hydrometeorological Institute conducted
verification of E-OBS temperature and
precipitation data, which confirmed that they
correspond to measurements at
meteorological stations.

HaHxi knimatnyHnx mogenen | Climate Models’ data

[na oTpyMaHHS KifbKiCHUX OLHOK 3MiHN
knimaty BnpogoBx XXI cT.
BUKOPUCTOBYBAmNMCA OaHi po3paxyHkiB
perioHanbHUX KniMaTUYHUX Moaenen
Mi>XHapOAHOT iHiLiaTMBKN 3KOOPAMHOBAHOIO
ekcnepumeHTy B €Bponi Euro-CORDEX

To obtain quantitative estimates of climate
change during the 21st century, data from
regional climate model calculations of the
International Initiative of a Coordinated
Downscaling Experiment (CORDEX) on the
European Domain Euro-CORDEX
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[https ://www.euro-cordex.net/index.php.en;

[https://www.euro-cordex.net/index.php.en;

Jacob et al, 2014], (anrn. Coordinated
Downscaling Experiment - European
Domain (CORDEX)) B Mmexax npoekTy
rnodanbHoro mogentosaHHa CMIP5 nig
KepiBHUUTBOM BcecBiTHBOI nporpamu
DOCHNIDKEHHA KnimaTy
[https://www.wcrp-climate.org/wgcm-cmip/w
gcm-cmipS]. OTpumaHi aaHi ycix
perioHanbHuX iHigiatne CORDEX
BUKopucTaHi B 5-in (ARS5) Ta 6-in (ARG)
ouiHo4Hmx gonosigax MIE3K, 3okpema i B
IHTepakTuBHOMY ATnaci MIE3K
[hitps://interactive-atlas.ipcc.ch/].
PospaxyHkoBa ropusoHTaneHa citka PKM
Ma€e JOCUTb BUCOKY MPOCTOPOBY PO3AiNbHY
30aTHICTb Ans eBponencbKoi obnacTi
MOZErNoBaHHSA - npubnuaHo 0,1°x0,1°, wo
HabnmkeHo gopiBHoe 10-12 Km.

[ani npo goboB.y kinbkicTb onagis,
cepefHo, MakcumarnbHy Ta MiHiMarbHy
Ao6oBi TeMnepaTypu MOBITPS1, CHIFOBUM
MOKPUB i KINbKICTb OonagiB y BUMNAAi CHiry,
cepeaHto WBMAKICTb Ta NopvBK BITpy Bynun
BMKOPUCTaHI 9K OCHOBA AN PO3PaxyHKy
YCiX YNHHWKIB KNiIMaTU4HOroO BNNUBY 3a
BUHATKOM npubepexHux. Mepenik PKM 3
TXHIMW XapaKkTepucTUKamMmm LLono
NoYaTKOBMX AaHUX rnobanbHMX
KniMaTUYHMX MOZenen Ta MeToAiB KopekUil
BioXunneHb HaBegeHo B Jogatky. PisHnua B
KinbkocTi BukopuctaHmx PKM onsa pisHux
METEOPOSIOriYHNX NapamMeTpiB oGymoBreHa
IXHbOIO BIACYTHICTIO B 6a3ax aaHux. Ane
Oyno BigibpaHo aHanoriyHi Habopu gaHnx
ans apox RCP cueHapiis, Wob6 po3paxoBaHi
XapaKkTepucTMKN MoXxHa Byno nopisHoBaTH
Mix coboto.

3MoaenboBaHi iICTOPUYHI Ta NPOrHO30BaHi
LLIOAEHHI OaHi oTpMMaHi 3 6GaHKy JaHuX
Earth System Grid Federation (ESGF), ge
36epexeHo HanbinbLn apxis
3MOfeNboBaHNX Ta iICTOPUYHNX
KniMaTU4HUX gaHnX
[https://esgf-data.dkrz.de/projects/esgf-dkrz/

’

https://esqf-data.dkrz.de/search/cordex-dkrz

Jacob et al, 2014] were used within the
framework of the CMIPS global modelling
project under the leadership of the World
Climate Research Program
[https://www.wcrp-climate.org/wgcm-cmip/w
acm-cmip5]. The obtained data from all
regional CORDEX initiatives were used in
the 5th (ARS5) and 6th (AR6) assessment
reports of the IPCC, including in the IPCC
Interactive Atlas
[https://interactive-atlas.ipcc.ch/]. The
calculated horizontal grid of the RCM has a
sufficiently high spatial resolution for the
European domain - around 0.1°x0.1°, which
is approximately equal to 10-12 km.

Data on daily precipitation, average,
maximum and minimum daily air
temperatures, snow cover and precipitation
in the form of snow, average wind speed
and gusts were used as the basis for
calculating all climatic impact drivers except
coastal ones. A list of RCMs with their
characteristics including driving Global
Climate Models, realizations, and methods
for bias-corrections is given in the
Appendix. The difference in the number of
RCMs used for different meteorological
parameters is due to their absence in the
databases. However, similar data sets were
selected for the two RCP scenarios so that
the calculated characteristics could be
compared with each other.

The simulated historical and projected daily
data are obtained from the Earth System
Grid Federation (ESGF) data bank, which
houses the largest archive of simulated and
historical climate data
[https://esgf-data.dkrz.de/projects/esqgf-dkrz/

https://esgf-data.dkrz.de/search/cordex-dkrz
[]. The volume of downloaded data for the
territory of Ukraine reaches several
terabytes.

The bias-adjustment of the RCM errors was
performed using the delta method by
adding the differences for the climatic
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[]. OBcar 3aBaHTaXXeHUX AaHNX Ons
TepuTopii YKpaiHu cdrae Kinbkox Tepaban.
Kopekuisi noxubok PKM («bias-adjustment»)
BMKOHYyBanacs gernsra-MeTo40oM LUSISAXOM
[ofaBaHHs Pi3HULb ANS YUHHUKIB
KNiMaTU4HOro BMMBY, pO3paxoBaHUX 3a
NnoKasHMKamm Temneparyp, y ManbyTHi
nepiogn Ao 3HadeHb 6a3oBOro nepiogy
1991-2010, po3paxoBaHuX 3a gaHUMK 6a3u
E-OBS v20.0e. Ins YMHHUKIB, AKi
po3paxoByBanmncs Ha OCHOBI KiflbKOCTI
onagis, iCTOpMYHI NOKa3HUKKN, pO3paxoBaHi
3a gaHumu 6a3mn E-OBS, MHOXUNKCs Ha
po3paxoBaHi BigHOLWWEHHS 3Ha4YeHb 3a PKM
y ManbyTHi nepiogn o 6a3oBoro
1991-2010. Takum YMHOM pPO3pPaxoByBanu
GaraTopiyHi 3Ha4eHHS NOKa3HMKIB 3a
KOXXHOI MOZEN0 AN YOTMPbOoX 20-pidHnNX
nepioais 1991-2010, 2021-2040,
2041-2060, 2081-2100 Ta ana asox
cueHapiiB (RCP 4.5, RCP 8.5). Nicna
3a3Ha4YeHoi KopekKLii, ska gossonsana
no30yTncsa cucTtemaTu4HMX NOXMBOK KOXKHOI
Mogerni, ycepeHoBanu oTpuMaHi 3Ha4YeHHs
YMHHUKIB KNiMaTWUYHOro BNAMBY 3a
aHcambnem PKM.

[ns ouiHKM 3MiHM piBHA YopHOro Ta
A30BCbKOro MOpIB Ha NiBHIYHOMY y30epexKi
BMKOPUCTaHO AaHi 6a3oBoro nepiogy Ta
MandyTHix npoekuin 3 npoekty EU JRC
LISCOAST “Large Scale Integrated
Sea-level and Coastal Assessment Tool”
("BenvkomacwtabHuin iHTerpoBaHum
IHCTPYMEHT OLiHKM PiBHA MOps Ta
npnbepexHnx Teputopin").

Habopu gaHux npeacraBnsaTb coboko
3MoJenbOBaHWn PO3MOAiN 3aranbHOro pPiBHS
BOAM B300BX y30epexoks (aHrn. Total Water
Level, TWL). TWL BupaxoByeTbCA 3
ANHaMIYHOrO MOAENMOBAHHS rONOBHUX
rigpognHaMiYHUX KOMMOHEHTIB PiBHA MOPS
(cepenHin piBeHb MOpS, NPUNNNBY,
LUTOPMOBI HAroHM Ta XBWJli), OTPUMaHUX 3
aHcambnto 6-TK KniMaTU4yHNX Modenen ans
nepioay Big 01/12/1969 no 30/11/2004
(6asoBuin nepiog) Ta 3 aHcambnNto 3 8-Mu
KniMaTnyHuUX Mmogenen Ans nepioay Big

impact drivers calculated based on
temperature indicators in future periods to
the values of the base period 1991-2010
calculated using the database E-OBS
v20.0e. For the drivers calculated based on
precipitation, the historical indicators
calculated using the E-OBS database were
multiplied by the calculated ratios of the
values of the RCM in future periods to the
base period 1991-2010. In this way,
multi-year values of the indicators were
calculated for each model for four 20-year
periods 1991-2010, 2021-2040, 2041-2060,
2081-2100 and for two scenarios (RCP 4.5,
RCP 8.5). After the specified bias
correction, which allowed us to get rid of the
systematic errors of each model, the
obtained values of climatic impact drivers
were averaged over the RCM ensemble.
To assess the change in the level of the
Black and Azov Seas on the northern coast,
baseline and future projection data from the
EU JRC LISCOAST project “Large Scale
Integrated Sea-level and Coastal
Assessment Tool” were used.

The datasets represent the simulated
distribution of the total water level (TWL)
along the coast. TWL is calculated from
dynamic simulations of the main
hydrodynamic components of sea level
(mean sea level, tides, storm surges and
waves) obtained from an ensemble of 6
climate models for the period from
01/12/1969 to 30/11/2004 (baseline period)
and from an ensemble of 8 climate models
for the period from 1/12/2009 to 30/11/2099
for the beginning (2021 - 2040), middle
(2041 - 2060) and end (2081 - 2100) of the
century for the RCP 4.5 (moderate level)
and RCP 8.5 (high level) scenarios. To
assess the extremes of coastal drivers, data
on the maximum height of surge waves in 6
event recurrence periods were used: once
every 20, 50, 100, 200, 500, 1000 years
according to the Peak Over Threshold
(POT) approach.



https://esgf-data.dkrz.de/search/cordex-dkrz/

1/12/2009 po 30/11/2099 Ha noyaTtok (2021
- 2040), cepeauny (2041 - 2060) Ta KiHeUb
(2081 - 2100) cTopivus ana cueHapiisa RCP
4.5 (nomipHux pieeHb) Ta RCP 8.5
(Bucokui piBeHb). [1nsa ouiHku
eKCTpemManbHOCTI NPUGEPEXHNX YNHHUKIB
BMKOPWUCTOBYBaNu AaHi Npo MakcuMarbHy
BUCOTY HaroHHUX xBurb y 6 nepiogis
NoBTOpIOBaAHOCTI nogaii: pa3 Ha 20, 50, 100,
200, 500, 1000 pokiB BignoBigHO A0
nigxoay lMikosoro MNepesuLleHHs MNopory
(aHrn. Peak Over Threshold, POT).

CueHapii 3amiHm knimaty | Climate Change Scenarios

OuiHkn BNNMBY 3MiHM KniMaty B YkpaiHi 4o
KiHust XXI cT. oTpuMaHo 3a gBoma
cLueHapisiMu LWNSXiB penpes3eHTaTUBHUX
KoHueHTpauin RCP 4.5 i RCP 8.5. Came
ONs umMx cueHapiie onga teputopil Ykpaiim
OMiKYOTbCS HaNBINbLUI 3MiHKM | BignosigHO
BNIMBU KMNiMaTUYHMX YMHHUKIB. KnimaTuyHi
NPOEKLiT BKMOYaloTh y cebe aeski
NPUNYLLEHHS LLoA0 MMOBIPHOT 3MiHU
Knimarty y ManbyTHbOMY 3arexHo Big,
obpaHoi KniMaT4HOT NONITMKM LLOAO
BMKnAiB napHukosux rasis (M), aeposonis
Ta iHWKWX JOMILIOK B aTtMocdepy i 3aMiHU B
3emMmnekopuctyBaHHi. RCP 4.5 mae nik
pagiauinHoro Bnnmey y 4,5 BT*mM—2 i 3
NPOrHO30BaHUM NiABULLIEHHAM aHoManii
rno6anbHOi NpU3emMHOI TeMmnepartypu

RCP 8.5 nepenbayae T1.3. cLeHapin «bisHec
AK 3a3BMYyan» 3 HambinbLL
«MNECUMICTUYHUMY» PO3BUTKOM abO0 LLUMISAXOM
BUCOKMX KOHLIEHTpaLi 3 NigBULLEHHAM
pagiauinHoro sBnnmey go 8,5 Br*m—-2 i Buwe
i 3 HaMOGINbLWKM rmobanbHMM NOTEMNMIHHAM,
KONnu NporHo3oBaHa rnobanbHa NnpusemHa
Temnepatypa noBiTps 3pocTae Ha BinbLu
Hix 4°C po KiHua cTopivyg. [Riahi et al.,
2007; Riahi et al., 2011; Christensen, 2013;

noBiTps Ha 2,4-2,8°C fo kiHus XXI ctonitTs.

Assessment of the impact of climate
change in Ukraine by the end of the 21st
century was obtained under two scenarios
of Representative Concentration Pathways
RCP 4.5 and RCP 8.5. For these scenarios,
the greatest changes and, accordingly, the
effects of climatic drivers are expected for
the territory of Ukraine.

Climate projections include assumptions
about the likely future climate change
depending on the chosen climate policy
regarding greenhouse gas (GHG)
emissions, aerosols and other pollutants
into the atmosphere and changes in land
use. RCP 4.5 has a peak radiative forcing
of 4.5 W*m-2 and a projected increase of
the global surface air temperature by
2.4-2.8°C by the end of the 21st century.
RCP 8.5 predicts the so-called “business as
usual” scenario with the most “pessimistic”
development or high concentration pathway
with an increase in radiative forcing to 8.5
W*m-2 and above and with the greatest
global warming when the projected global
surface air temperature increases by more
than 4°C by the end of the century. [Riahi et
al., 2007; Riahi et al., 2011; Christensen,
2013; Thomson et al., 2018;




Thomson et al., 2018;
https://www.ipcc.ch/site/assets/uploads/201

https://www.ipcc.ch/site/assets/uploads/201
9/01/SYRAR5-Glossary en.pdf].

9/01/SYRARS-Glossary_en.pdf].

AOMiHicTpaTuBHo-reorpacdiyHmim nogin Ykpainu | Administrative

geographical subdivision of Ukraine

[nsa ouiHOK BNAMBY 3MiHM KniMaty
TepuTopis YkpaiHu Byna nogineHa Ha 5
OCHOBHUX reorpadpivyHmx perioHis i3
BpaxyBaHHAM agMiHICTpaTMBHOIo NoAiny,
OAHOTUMHOCTI NposiBY
KNiMaToyTBOPHOBASIbHNX YNHHUKIB Ta
BiANOBIAHO NOAIGHOCTI KNiMaTUYHNX YMOB:
> B perioH 3axig ysinwnm
PiBHeHCbKa, BonuHcbka, JbBiBCbKa,
3akapnarcbka, TepHoMinbCbKa,
XmenbHuubKka, YepHiBelbka Ta
IBaHO-®paHkiBCcbka obnacTi;
>y MiBHiY yBinwWNKn Xutommpcoka,
KuiBcbka, YepHiriscbka i Cymcbka
obnacri;
> B perioHi Cxig XapkiBcbka,
JlyraHcbka i [JoHeubka obnacri;
> B LleHTpi NonTaBcbka,
[HinponeTpoBcbKa,
KipoBorpagacbka, Yepkacbka i
BiHHMLBKa obnacTi;
> iy perioHi lNiBaeHb — 3anopisbka,
MwukonaiBcbka, XepCoHCbKa,
Opecbka obnacti Ta AP Kpum
Takox Ha TepuTopil YKpaiHK BUAINATLCA
Tpy cneuniyHi reorpadiyHi 3oHK, a came
OBi ripcbki TepuTopii Kapnatcbkux i
KpumMmcbKux rip, siki BU3Havyanmcs 3a
Bucototo binbLue 3a 400 m Hag piBHEM
Mops4, a Takox NMpubepexHa Teputopis
YopHoro i A30BCLKOrO MopiB SiK TepuTopil
B340OBX y36epexb Ta nuMmaHis 3 bydepom
0,1° 6eperoroi niHii.
PosTallyBaHHSA 30H i3 3a3Ha4YeHO0
KINbKICTIO BY31iB CITKW, 3@ SIKOO

To assess the impact of climate change, the
territory of Ukraine was divided into 5 main
geographical regions, taking into account
the administrative division, the uniformity of
the manifestation of climate-forming factors
and, accordingly, the similarity of climatic
conditions:
> the West region included
Rivnenska, Volynska, Lvivska,
Zakarpattska, Ternopilska,
Khmelnytska, Chernivetsa and
Ivano-Frankivska oblasts;
> the North included Zhytomyrska,
Kyivska, Chernihivska and Sumska
oblasts;
> the East region included Kharkivska,
Luhanska and Donetska oblasts;
> the Center included Poltavska,
Dnipropetrovska, Kirovohradska,
Cherkaska and Vinnytska oblasts;
> and in the South region —
Zaporizska, Mykolaivska,
Khersonska, Odeska oblasts and
the Autonomous Republic of Crimea
Also, three specific geographical zones are
distinguished on the territory of Ukraine,
namely two mountainous territories of the
Carpathian and Crimean Mountains, which
were determined by their height of more
than 400 m above sea level, as well as the
Coastal territory of the Black and Azov
Seas as areas along coasts and estuaries
with a buffer of 0.1° from the coastline.
The location of the zones with the specified
number of grid nodes, which were used to
determine the statistical characteristics of
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BU3HAYanuca CTaTUCTUYHI XapaKTepUCTUKN
perioHiB, npeacTaBneHo Ha puc.1.

the regions, is presented in Fig. 1.
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Fig. 1. Regions for assessing the degree of
climate change impact. The number of
RCM grid nodes for each region is given.

YnHHMKKM knimaTtndHoro snnmey | Climatic Impact Drivers

TepMiH «YNHHUK KITIMaTUYHOIO BNSIMBY»
6yno BeegeHo B WGI ARG, i 3rigHo 3
rnocapiem MIE3K (aBT. nepeknan) ue
«pi3nyHi yMOBU KNiMaTU4HOT cucTeMM
(Hanpuknaa, ycepeaHeHi NokasHukK, nogii,
eKCTpeMyMu), SKi BNNBaKTb Ha eNeMeHT
cycninbcTBa abo ekocucteMun. 3anexHo Big
BPa3SiMBOCTI Ta CTIKOCTi CUCTEMU, YNHHUKMN
Ta IXHi 3MiHU MOXYTb BYTU LUKIANNBUMM,
KOPUCHUMW, HENTPanbHUMM abo CyMiLLILLIO
KOXXHOMO 3 B3aEMOZi04MX CUCTEMHUX
€reMEeHTIB i perioHiB».

The term “Climatic impact-driver” has been
introduced in WGI ARG and according to
the IPCC Glossary, it is “Physical climate
system conditions (e.g., means, events,
extremes) that affect an element of society
or ecosystems. Depending on system
tolerance, CIDs and their changes can be
detrimental, beneficial, neutral or a mixture
of each across interacting system elements
and regions.”

In total, 32 CIDs were considered (see
Table 1), which were divided into 5 types,
from which 14 categories were selected




Y uinomy posrnaganocsa 32 YAHHUKKU (OUB.
Tabn.1), Wwo posnoginanucsa Ha 5 Tunie, B
akux 6yno snbpaHo 14 kateropin, sKi
BiANoBidaTb kKNniMaTty YkpaiHu, 3rigHo Ao
knacudikauii MIE3K (Tabl.12.1 WGI ARG).
Y nepuly yepry ue Taki TMnNu:

e cCrneka Ta xorog (cepenHi Ta
eKCcTpeMarnbHi NOKasHUKK
TemnepaTypHUn pexmmy),

e 3BOJIOXKEHHS Ta MOCYLUSUBICTb
(cepenHi Ta ekcTpeManbHi YAHHUKK),

® CHir 3 CHiIroBMM MOKPUBOM (CepeaHi
NOKa3HWKM Ta eKcTpeMarbHi
cHironagm),

e BiTep (cepenHs WBMAKICTb Ta
nopmeu),

e npubepexHi (BUcoTa piBHA MOps i
HaroHHWX XBWIb).

Tob6TO, KOXKEH 3 TUMIB BKIOYAE KaTeropii, ki
XapaKkTeEPU3YOTb 3MiHU SIK YCEPEAHEHNX,
TakK i eKcTpemanbHUX YNHHUKIB
KNiMaTtM4HoOro BSIMBY.

TakMm YMHOM BCbOrO npoaHanizosaHo 32
NOKa3HWKK, MalXe NoNnoBuHA 3 SKUX
XapakTepusye TeMmnepaTypHun pexmnm. A
came M’ATb YNHHUKIB XapakTepusyrTb
HeraTMBHWI BNJIMB Bid NigBULLEHHS
ycepeaHeHux Temneparyp nosiTps: 3a pik i
Y UeHTpanbHi MicsiLi BCiX Ce30HIB (CiYeHb,
KBITEHb, JIUMEHD i >KOBTEHb), A TAKOX
nepenbavaeTbCca HeraTMBHUIN BNSIMB Big
3MEHLUEHHS1 TpMBarocTi BeretTauinHoro
nepiogy. TakoX YOTUPU YNHHUKK, SKi
XapaKkTepuayTb HeraTUBHUIN BNUB Big
NiABULLEHHSA MOKa3HMKIB criekun, 6asyrTbea
Ha 0060BUX MaKCUManbHUX Ta MiHIManbHUX
Temnepatypax nosiTpa. [Ans ouiHku
HeraTMBHOMO BMIMBY 3MiHM KNiMaTy TakoX
BUAINEeHO ABi kaTeropil 3 4 NokasHMKamu,
SIKi CTOCYHOTbCS MOXIMBOTO 36irbLUEeHHS
XBWMb Xonogay i BignosigHo nigBuLLEHHS
rpagycofHis onantoBanbHOro nepioay, Ta
KifTlbKOCTi MOPO3HMX OHIB Ta AHIB i3
3aMOpO3Kamu, LLO HE MOXHA BUKITHOHATK
HaBIiTb NpW 3aranbHOMY NOTENSIIHHI,
ocobnmeo B notovHun nepiog 2021-2040.

from the IPCC classification (Table 12.1
WGI ARG) that correspond to the climate of
Ukraine.

First of all, these are the following types:

e heat and cold (average and extreme
indicators of the temperature
regime),

e wet and dry (average and extreme
characteristics),

e snow with snow cover (average
indicators and extreme snowfalls),
wind (average speed and gusts),
coastal (sea level and surge wave
heights).

Thus, each of the types includes categories
that characterize changes in both average
and extreme states of the climate system.
Thus, a total of 32 indicators were
analyzed, almost half of which characterize
the temperature regime. Namely, five CIDs
characterize the negative impact of an
increase in average air temperature: annual
and in the central months of all seasons
(January, April, July and October), and
there is also a negative impact from a
decrease in the growing season length.
Also, four CIDs that characterize the
negative impact of an increase in heat
indices are based on daily maximum and
minimum air temperatures. To assess the
negative impact of climate change, two out
of 4 indicators were also selected, which
relate to a possible increase in cold waves
and, accordingly, an increase in the heating
period length, and the number of frost and
ice days, which cannot be excluded even
with a general warming, especially in the
coming next decade of the current period
2021-2040.

The category “wet and dry” also includes
factors that are based on the average
amount of precipitation per year and in the
central months of the season, while a
negative impact is expected from a
decrease in these average indicators, while
for factors that characterize the extremes of
the precipitation regime, the negative




B kareropil 3B0NoXeHHA Ta NocyLUIMBOCTI
TaKOX BXOOATb YMHHUKM, WO 6a3yoTbes Ha
yCepeaHeHin KinbKoCTi onaais 3a pik T1a 'y
LeHTpanbHi MicALi CEe30HIB, NpU LibOMY
HeraTMBHUW BMNMNB OYIKYETLCA Bif
3MEHLLEHHS LUMX ycepeoHEHMX MOKa3HUKIB,
y TOW Yac §K OS5 YUHHUKIB, SKi
XapaKTePU3YIOTb EKCTPeMarbHICTb peXnumy
onagis, HeraTUBHWI BNJIMB BignoBigae
TXHBOMY MiABULLIEHHIO. [ANS OUiHKK CTYMNEeHs
BMAMBY MNOCUSIEHHS NOCYLUNUBOCTI
BUKOPUCTOBYBABCS iHOEKC, SIKUI
XapakTepmaye MakcumarbHy TpUBanicTb
nocyLLnMBoro nepiogy. Takox 4o uiel
KaTeropii BigHeCeHO iHAEKC NiABULLEHHS
KiNbKOCTI AHIB i3 No)exHoHebe3neyHumm
NOrogAHMMKM YMOBaMMW, siKi BU3HaA4anucs
nepeBuLLEeHHAM 3HadeHHs 30 ansa iHgekcy
Fire Weather Index (FWI) .

B kaTeropito YMHHUKIB, sIKi XapakTepusyroTb
CHIroBUIM NOKpKMB, BKITHOMEHO ABa, LU0
0a3yloTbCs Ha ycepeaHEHMX NOKa3HMKax
(piuHa cyma onagis y BUrMAAi CHiry i
KINbKICTb [HIB i3 CHIrOBUM NOKpPUBOM OinbLue
3a 30% TepuTOpIi), 3MEHLLEHHS SKUX BKa3ye
Ha HeraTUBHUI BNIUB, | TAKOX AN OLLHKK
BMMMBY 3MiHN €KCTPEeManbHOCTi BKIOYEHO
36inbLUEeHHs KinbKoCTi AHIB i3 CHironagamm
noHag 10 mm Ha foOy.

HeratnBHMin BNNKUB Big 3MiHW BITPOBOro
pexumy oujiHoBaBCs 3a 36iNbLIEHHSAM
cepeaHbOl LWBUAKOCTI BITPY, a TaKoX
KifIbKOCTI AHIB Ha piK i3 nopnBamu BITpY, WO
nepesuLLyBanu 6 6anis 3a LKanow
Boddopta (10,8 m/c).

MpnbepexHi NoKasHWKK NigHATTS pPiBHS
MOpS Ta BUCOTW HAarOHHNX XBUITb
BU3HaYyanucs 3a gaHumu rnobanbHoi
mogeni Joint Research Center (JRC)
LISCOAST ansa Bcix y36epexb CeiToBOro
OokeaHy. HeratmeBHuMI BNAuB Bignosigas
30iNbLUEHHIO 3Ha4YeHb 060X YMHHUKIB.

impact corresponds to their increase. To
assess the degree of impact of increased
aridity, an index is used that characterizes
the maximum duration of the dry period.
This category also includes an index of an
increase in the number of days with
fire-danger weather conditions, which was
determined by days with excidence of 30 for
the Fire Weather Index (FWI).

The category of snow with snow cover
includes two CIDs, which are based on
average indicators (annual amount of
precipitation in the form of snow and the
number of days with snow cover over 30%
of the territory), a decrease in which
indicates a negative impact, and to assess
changes in extremes, an increase in the
number of days with snowfall over 10 mm
per day is included.

The negative impact of changes in the wind
regime was estimated by an increase in the
average wind speed, as well as the number
of days per year with wind gusts exceeding
6 balls on the Beaufort scale (10.8 m/s).
Coastal CIDs are sea level rise and surge
wave heights determined using the Joint
Research Center (JRC) LISCOAST global
model for the entire ocean coast. The
negative impact corresponded to the
increasing value of both drivers.




Tabnuua 1. YUHHMKM KniMaTU4HOro BNAnBY
3a TMnamu i kateropismmn MIME3K i3
BM3HAYEHUMWN HaNpsMKamK (CTPInKun) i
rpagauismm (Konip i Mexi 3Ha4eHb)
HeraTMBHOIO BrMBY

Table 1. Climatic impact drivers by the IPCC
types and categories with defined directions
(arrows) and gradations (colour and limits)
of negative impact




IPCC CID IPCC CID Category CID Name Unit
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[ 100%
/7 CepegHAa TemnepaTypa noBiTpA 3a pik
(Annual near-surface air temprature)
/7 CepeaHa Temnepatypa nosiTps 3a civeHs 0,5 10 20 40
(January mean air temperature)
7 CEPEOHA /' CepeiHA TeMnepaTypa noBiTPsA 3a KBiTeHb 05 10 20 40
TEMMNEPATYPA (April mean air temperature) ’ ' ’ ’
NoBITPA 7 CepegHA TemnepaTypa NnoOBITPA 3a NUNeHb 0.5 10 20 40
(MEAN AIR TEMPERATURE) (April mean air temperature) ' ! ' '
/ CepeaHna TemnepaTtypa NoBiTPA 3a XOBTeHb 0,5 1,0 20 20
(October mean air temperature)
“x TpuBanicTk BererauiiHoro nepiogy 2 5 10 a5
(Growing season length)
/7 CepepHa 3a niTo makcumankHa no6osa
Temneparypa noeitps 0,5 1,0 2,0 4,0
(Mean of maximum daily air temperature in summer)
A KineKicTb AHIB 3 AyXe CUNLHOK Ta
CMEKA TA EKCTPeMankHOK CNeKo 5 10 20 30
[HEA)-:DA’:IE%OLD’  EKCTPEMANBHA (Days wi‘th \..rery h‘igh and extreme heat)
CEKA /;'Tp“m:m'“r::om 10 20 30 50
(EXTREME HEAT) AROCEE ETasy
7 Inpekc Nymigekc AnA cepegHix MakcMManbHUX
TeMneparyp noBiTpA BRITKY 25 30 35 20
(Humidex index for the mean maximum air temperatures
in summer)
7 lpapycoaHi nepioay KOHAWUIOHYBAaHHA NOBITPA 50 100 200 300
(Cooling Degree Days (CDD))
“ Temnepartypa Ayxe XOnogHUX AHIiB y 3umoBi
. g -0,5 -1,0 -2,0 -4,0
B R :;Il::eﬂ::m erature of very cold days in the winter months)
(COLD SPELL) peratu s ¥ :
7 [pagycogHi onansansHoro nepiogy 50 100 200 200
(Heating degree days)
/' [IHi 3 Mmopo3om 0 5 10 20
7 MOPO3U (Frost days)
(FROST) 7 MopoaHi aHi 5 10 20 30
(Ice Days)
“ KinekicTb onapis 3a pik 5 10 15 20
(Annual precipitation)
N Kinbuic:Thlupa.g.iB 3a ciueHb 5 10 15 20
(January precipitation)
“ YCEPEOQHEHI ONAOW ™\ KinekicTk onagis 3a kBiTeHb 5 10 15 20
(MEAN PRECIPITATION) (April precipitation)
“ KinbkicTb onagis 3a nuneHb 5 10 15 20
(July precipitation)
~ KinekicTb -OI-'Ia,u-iB 3a OBTEHb 5 10 15 20
3BONOXEHHA (October precipitation)
TA /7 MakcumankHa KinbkKicTe onagie 3a 5 gHie 5 10 15 20
NOCYLWNUBICT ~3nMBW TA OOLLOBI  (Maximum 5-day precipitation)
b NABOOKW /7 MakcumMankHa KinekicTe onagie 3a o6y 25 50 75 10.0
(WET AND DRY)  (HEAVY PRECIPITATION (Maximum 1-day precipitation) . ' ’ '
AND PLUVIAL FLOOD) 7 LWopiuna KinbKicTe gyXe cunkHUX onagis 0 10 20 30
(Very heavy precipitation annual sums)
30 40 50 60
7 KNbKICTE OHIB 3
It t 2, (e 2 m 22 7 lngexc noxexoHebeanekn > 30
Ot0 Noroaoto (Fire Weather Index >30) 5 1o 5 20
(NUMBER OF DAYS WITH
FIRE WEATHER
“ PIYHA CYMA ONAAIB Y BUrNAlI CHINY
-3 -10 -20 -30
= CHII'OI'If.nH TA (ANNUAL SNOWFALL)
CHIFOBUWX NOKPUB
(SNOW COVER & : } .
SNOWFALL) 0 20 40 60
Z KNbKICTE OHIB 31 CHIFONAAOM 2 10 MM 3A IOBY 01 03 05 10
DAYS WITH SNOWFALL 2 10 MM PER DAY, : ' ’ '
/ CEPEQHA LWUBWUOKICTL BITPY 0,01 0,10 0,20 0,30
(MEAN WIND SPEED)
0,1 2,0 3,0 4,0
7 BIBHOCHWI PIBEHb MIQHATTA MOPSA 0,05 0,15 0,30 0,45
(RELATIVE SEA LEVEL RISE)
2,0 2,5 3,0 3,5




Tunu 3arpos | Types of Hazards

Bu3HayeHHs 3arpo3s i cTyneHsi BNanBy
KNiMaTUYHUX YMHHUKIB, JOOYTOK SKMX i3
YyTNMBICTIO Ta NnepebyBaHHSAM TepUTOpIN,
CEKTOpPIiB EKOHOMIKM YM HAcerneHHs B 30Hi ail
3arpoau, 4O3BONUTb BU3HAYUTM ManbyTHI
PU3MKN Ta BPa3nMBICTb 3a3HAa4YE€HNX aKTUBIB
YN KUTTEQIANBHOCTI NIOANHU OO0 3MiHU
Knimaty. Takmm YMHOM, NePLUNM KPOKOM B
OLjiHUi PM3KKIB i BPa3nmnBOCTI 3aBXau €
BU3HAYEHHS 3arpo3u Bif 3MiHM KnimarTy.
[ns YkpaiHu 3arpo3n BU3Ha4eHO Ha OCHOBI
aHanisy 32 YMHHUKIB KNiMaTU4HOro BMSNBY,
AKi 00’eQHaHi 3a TMNamMu B AeKinbKa
kateropin. Tak Tun crneka i xonog 06’eaHye
4 kateropii (cepegHsa Temnepartypa,
eKkcTpemManbHa cneka, Mopo3 i XBuni
xorogy), 3BONOXEHHS | MOCYLUNMBICTb
Takox 4 KaTeropil (cepefHs KinbKicTb
onagis, ekcTpeMarsibHi onagu, NOCyxu i
noxexoHebesnevHa noroga), no 2
KaTeropii, ki XxapakTepuayoTb ycepeaHeHi
Ta eKcTpemarsibHi MOKa3HUKK, B iHLLMX TPbOX
TMNax YMHHUKIB: CHIr, BiTep i npnbepexHi.
BpaxoBytoun, Lo i3 rnmobanbH1m
NoTENmiHHAM, SIKe OYiKYyETLCA 3a ycima
cueHapisimun, He Byno 3HangeHo
HeraTMBHOMO BMNMBY Bif 3MiHW YMHHUKIB, SKi
NoB’si3aHi i3 Xor1040M, TOOTO Hi 3MEHLLEeHHS
TemnepaTtypu B3VMKY Ay>Ke XONOOHUX OHIB,
Hi 30iNbLUEHHS rpagyCoaHIB
onanoBarnbHOro nepiody i AHIB 3 MOPO30OM
Ta MOPO3HMX OHiB (gue. Tabn.1), To ui 2
KaTeropii BUNy4YeHi i3 aHani3y 3a
BiACYTHiCTIO ManbyTHiX 3arpo3. Takox
OCKifTbKM TpMBanicTb Nepiogy Beretawii He
3MeHLLYBaTUMETbLCS 3a cLeHapisaMu, To Len
YMHHMK TaKOX BUIYyYEHO i3 BU3HAYEHHSA
3arpos.
Takum YMHOM, 3arpo3u BU3Havanucs y
HacTynHMX KaTeropisix (Tabn.1):

1. CepegHa Temnepartypa nositps (5

NOKa3HWKIB: TeMnepaTypu cepeqHix
MicSILliB CE30HIB Ta 3a PiK)

Determining the hazards and the degree of
impact of climatic drivers, the multiplication
of which by the sensitivity and exposure of
territories, sectors of the economy or
population in the zone of hazard, will allow
determining future risks and vulnerability of
the specified assets or human life to climate
change. Thus, the first step in assessing
risks and vulnerability is always to
determine the hazard from climate change.
For Ukraine, hazards are determined based
on the analysis of 32 climatic
impact-drivers, which are combined by type
into several categories. Thus, the type of
heat and cold combines 4 categories
(average temperature, extreme heat, frost
and cold waves), wet and dry also 4
categories (average precipitation, extreme
precipitation, drought and fire-danger
weather), 2 categories each, which
characterize average and extreme
indicators, in the other three types of
factors: snow, wind and coastal.

Given that with the global warming
expected under all scenarios, no negative
impact was found from changes in factors
related to cold, i.e. neither a decrease in the
temperature of very cold days in winter, nor
an increase in the degree days of the
heating period and days with frost and ice
days (see Table 1), these 2 categories were
excluded from the analysis due to the
absence of future hazards. Also, since the
growing season length will not decrease
under the scenarios, this CID was also
removed from the determination of hazards.
Thus, the hazards were defined in the
following categories (Table 1):

1. Mean air temperature (5 indicators:
temperatures of middle months of
seasons and per year)

Extreme heat (5 different indicators)
3. Mean precipitation (5 indicators:

N




2. EkctpemansHa cneka (5 pisHux
MOKa3HMKIB)
3. YcepegHeHi onaan (5 nokasHUKIB:
CymMu onagiB y cepefHi mMicaui
Ce30HIB Ta 3a piK)
[yxe cunbHi onagn (3 NOKasHUKM)
Mocyxun
MoxexoHebesnevHa noroga
PiyHa cyma onagis 3a cHironagu Ta
OHi 3i CHIroBMM NOKpMBOM (2
MOKa3HWNKM)
8. [Hi 3 NOMipHUM i CUNBbHUM
CHironagamu
9. CepeaHsi LUBMAKICTb BITPY
10. MNMopwuBn BiTPY
11. MNigHATTA cepeqHbOro piBHA MopSA
12. BucoTta HaroHux xBunb
[Bi ocTaHHi kaTeropii BOYEBUAb MaTb
BMMMB NULLE Ha NpubepexHi TepuTopii.
Oani 6yayTb po3rnsiHyTi 3arpo3n 3a n'atbMa
MIE3K tunamu: cneka i xonop,
3BOJSIOXKEHHS Ta NOCYLUMBICTb, CHIr, BIiTEp i
npubepexHi.

No o

precipitation sums in middle months
of seasons and per year)
4. \Very heavy precipitation (3
indicators)
5. Droughts
6. Fire-danger weather
7. Annual precipitation amount for
snowfall and days with snow cover
(2 indicators)
8. Days with moderate and heavy
snowfall
9. Mean wind speed
10. Wind gusts
11. Mean sea level rise
12. Height of surge waves
The last two categories obviously have an
impact only on coastal areas.
Next, the hazards will be considered
according to the IPCC five types: heat and
cold, wet and dry, snow, wind and coastal.

Cneka i xonop | Heat and Cold

[na Tuny 3arpo3u cneka i xonog, sk 6yrno
BXE 3a3Ha4YeHO, YUYMHHWKMA KNiMaTU4HOro
BMNMBY KaTeropin MoposiB Ta XBUIb Xonoay
He CTaHOBUTUMYTb 3arpo3u, OCKifbKM 3a
cLueHapisMn 3MiHW KIliMaTy He OuiKyeTbCs
TXHE 30inbLUeHHS. Takum YNHOM,
3anuwalroTbcs YNHHUKN, AKi
XapaKkTepuayTb 3MiHy 3aranbHoro oHy
TEMMepaTypHOro pexuMmy i CTaHOBNATb
3arpody 4epes3 nNigBULLEHHA CcepeaHboi
TemrnepaTypu MOBITPS Ta eKcTpeMarnbHUX
NMOKa3HUKIB.

As already noted, the climatic impact
drivers of the frost and cold spells
categories will not pose a hazard in future,
since their increase is not expected under
climate change scenarios. Thus, for the
heat and cold hazard type, the climatic
impact drivers that characterise the change
in the general background of the
temperature regime and considered as a
hazard due to an increase in the average
air temperature and extreme indicators
remain.

MiaBuLLEHHS cepeaHbOl TeMmnepaTypu noeiTpsa | Mean air temperature increase




Ona BM3Ha4yeHHs 3arposn MigBULLIEHHS
cepegHbol TemnepaTtypmu noBsiTps
PO3MMSAHYTO 5  UYMHHMKIB  KNiMaTU4HOrO

BMNSIMBY: yCepedHeHi Temnepartypu MNoBiTps
3a pik, a TakoX y cepefHi Micdui Ce30HiB
(ciYeHb, KBiTEHb, NUMNEHb i XOBTEHb) AN
BpaxyBaHHS HEOAHOPIAHOCTI MOTEnmiHHA
BMPOJOBX POKY.

[na 3MiHWU KOXXHOMO 3 YMHHUKIB B KOXHOMY
BY3ni CiTku TepuTopii YKpaiHMn BMU3HA4YEHO
BMAMB BIiAMOBIAHO OO0 MeX 5 CTyneHiB 4K
HaBegeHo B Tabn.1, ski TpaHCHOPMOBAHO y
BigcoTkm 3a kBaptunsmm Big 0 go 100%.
Micna uboro obpaHo HanbinbLle 3HaYEHHS
i3 OTpMMaHWX BMMMBIB YCIX 5 YNHHWKIB ANA
KOXXHOrO 3 Tpbox nepiogis (2021-2040,
2041-2060 i 2081-2100) 3a pgBoma
cueHapiasmm (RCP 4.5 i RCP 8.5). To6To,
TakuMm YMHOM OTPMMAHO MaKCUMarnbHUN
CTyMiHb BNNUBY, KU | BU3Ha4yae 3arposy B
Kateropii niaBULLEHHSA cepeaHboi
TemnepaTtypu nNOBITPSA, sKka npeacTaBneHa
Ha KapTi puc.2 y BigcoTKax Big
MakcMmarnbHOi, dKin  BignoBigae ayxe
BUCOKMA BMMAMB | 3arpo3a Ha KiHeub
cTopivus 3a cueHapiem RCP 8.5.

3arposa cepeauHy  CTopiyds  3a
cueHapiem HaMGINbLIMX  KOHLUEHTpaLin
OYIKYETBbCHA Ha PiBHI BMCOKOI Tak camo, §K i
Ha KiHeub CTOpIYYs 3a cueHapieM MOMIpHUX
KOHLEeHTpauin RCP 4.5. 3arposa
NiABULLIEHHA TemnepaTtypu 3a cueHapiem
BUCOKUX KOHUeHTpauin y nepiog 2021-2040
Nno BCiN KpaiHi cepedHs, a 3a cueHapiem
NMOMIPHMM KOHLIEHTPAaLiN OYiKYyETbCA TaKOX
nepeBaxHO cepefHsl 3arpo3a mawxke Ans
Bciel TepuTopil YKpaiHM $K Y MNOTOYHUK
nepiog, Tak i Ha cepeguHy cTtopiyyd. Y
noTodHM nepiog 3a cueHapiem RCP 4.5
HM3bKa 3arpo3a BMAMBY LbOMO YMHHMKA
oTpumaHa y Kapnartax, y Mawmxe BCit
JbBiBCbKIN, ripCbKin YacTUHI
IBaHO-PpaHKiBCLKOI, Ha KpanHbOMY 3axogi
3akapnartcbkoi i 4actkoBo Yy [loHeubkin
obnacTax, a Ha cepeguHy CTopiyds - Ha
niBgHi JlyraHcbkoi i [JOHeubKoi, a TakoxX

Ha

To determine the hazard of an increase in
average air temperature, 5 climatic impact
drivers were considered: average air
temperatures for the year, as well as in the
middle months of the seasons (January,
April, July and October) to take into account
the heterogeneity of warming throughout
the year.

For each change in every driver in every
grid node of the territory of Ukraine, the
impact was determined according to the
limits of 5 degrees as given in Table 1,
which were transformed into percentages
by quartiles from 0 to 100%. After that, the
maximum value was selected from the
obtained impacts of all 5 drivers for each of
the three periods (2021-2040, 2041-2060
and 2081-2100) under two scenarios (RCP
4.5 and RCP 8.5). That is, in this way, the
maximum degree of impact was obtained,
which determines the hazard in the
category of increasing average air
temperature, which is presented on the map
in Fig. 2 as a percentage of the maximum,
which corresponds to a very high impact
and corresponding hazard at the end of the
century under the RCP 8.5 scenario. The
hazard at mid-century under the highest
concentrations scenario is expected to be at
a high level, as well as at the end of the
century under the moderate concentrations
scenario RCP 4.5. The hazard of increasing
mean air temperature under the high
concentrations scenario in the period
2021-2040 across the country is medium,
and under the moderate concentrations
scenario, a predominantly medium hazard
is also expected for almost the entire
territory of Ukraine both in the current
period and by mid-century. In the current
period, under the RCP 4.5 scenario, a low
impact of this CID is obtained in the
Carpathians, in almost the entire Lviv,
mountainous part of lvano-Frankivsk, in the
far west of Zakarpattia and partly in
Donetsk regions, and by the middle of the
century - in the south of Luhansk and




AEKINbKOX NpubepexxHux AOinsHKkax HaBKoOMo
A30BCbKOro Mops i y Bucokorip’i Kapnar.

[na o6’egHaHoro cueHapito RCP 4.5 & 8.5
OyB 3HaNOEHUN MakCUMyM Y KOXHOMY BY3i
CiTKM i3 060X cueHapiiB y KOXXHOMY nepiofai,
AKUA Ona uiei 3arpo3n Mo BCiN TepuTopil
YkpaiHm Bignosigae cueHapito RCP 8.5
(pwnc. 2).

CTatuCTUYHi  XapakTEPUCTUKA OTPUMAHUX
3arpos Big NiaBULLIEHHS cepenHbOoi
TemnepaTypu MnoBiTpdA, a came MiHimanbHe,
MaKkcMmarbHe i ycepeqHeHe 3Ha4yeHHs, ans

Donetsk regions, as well as several coastal
areas around the Sea of Azov and in the
Carpathian highlands.

For the combined RCP 4.5 & 8.5 scenario,
a maximum was found at each grid node
from both scenarios in each period, which
for this hazard across the entire territory of
Ukraine corresponds to the RCP 8.5
scenario (Fig. 2).

Statistical characteristics of the hazards
from mean air temperature increase,

TPpbOX nepiogiB i [OBOX cueHapiiB 3a namely the minimum, maximum and
BM3Ha4YeHUMKU 8 perioHamu, HasefeHi y | average values for three periods and two
Tabn.2. scenarios for the 8 identified regions, are
given in Table 2.
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Pwuc.2. 3arposu Big nigBuLLEHHS cepegHboi
Temneparypu NnoBiTps 3a cueHapisiMu
noMipHMX KoHueHTpauin (RCP 4.5),
BUCOKUX KoHLUeHTpauin (RCP 8.5) Ta
06’egHaHoro cueHapito (RCP 4.5 & 8.5) ana
TPbOX NepioAiB Ao KiHus XXI cT. BigHOCHO
nepiogy 1991-2010

Fig. 2. Hazards from an increase in mean
air temperature under scenarios of
moderate concentrations (RCP 4.5), high
concentrations (RCP 8.5), and combined
scenario (RCP 4.5 & 8.5) for three periods
until the end of the XXI century relative to
the period 1991-2010

Tabn.2. CTaTUCTUYHI XapakTepUCTUKN
3arpoas Big NigBuLLIEHHS ycepeaHeHoi
TemnepaTypu nosiTps 40 KiHug XXI cT. 3a
cueHapiasmm RCP 4.5i RCP 8.5 ona 8
perioHiB YkpaiHu

Table 2. Statistical characteristics of
hazards from an increase in mean air
temperature by the end of the 21st century
under the RCP 4.5 and RCP 8.5 scenarios
for 8 regions of Ukraine

Mean Air Temperature (% of max impact)
2021 - 2040 2041 - 2060 2081 - 2100
Region Scenario
min |mean| max | min |mean| max | min | mean| max

RCP 4.5 25 44 50 50 50 50 75 75 75
West

RCP 8.5 50 50 50 75 75 g 100 | 100 | 100

RCP 4.5 50 50 50 50 50 50 75 75 75
North

RCP 8.5 50 50 50 75 75 g8 100 | 100 | 100

RCP 4.5 25 50 50 50 50 50 75 75 75
Central

RCP 8.5 50 50 50 75 75 g8 100 | 100 | 100

RCP 4.5 25 50 50 50 52 75 75 75 75
East

RCP 8.5 50 50 50 75 75 y&3 100 | 100 | 100

RCP 4.5 50 50 50 50 50 50 75 75 75
South

RCP 8.5 50 50 50 75 75 g8 100 | 100 | 100

RCP 4.5 25 32 50 50 50 75 75 75 75
Carpathian Mountains

RCP 8.5 50 50 50 75 75 g8 100 | 100 | 100

RCP 4.5 50 50 50 50 50 50 75 75 75
Crimean Mountains

RCP 8.5 50 50 50 75 75 g8 100 | 100 | 100

RCP 4.5 50 50 50 50 51 75 75 75 75
Coastal

RCP 8.5 50 50 50 75 75 75




36inbLweHHs ekcTpemanbHol cnekn | Extreme heat increase

[na Bu3HayeHHA 3arpo3n Big 36inbLUEHHS
ekcTpeManbHOi  cnekn  posrngHyTo 5
YMHHUKIB KniMaTu4Horo BMNSIMBY:
ycepeaHeHa 3a NiTHIi Micaui makcumarnbHa
poboBa Temnepartypa MOBITPS, KiNbKiCTb
OHIB 3 Oy)Xe CUMBbHOK Ta eKCTpemMaribHOK
CMEKOW,  KIMbKICTb  TPOMIYHUX  HOYER,
KinbKiCTb AHIB 3 iHOeKkcom 'ymigekc BuLle 3a
30, a TakoxX rpagyCcoHiB KOHOULitOBaHHS
NnoBiTpS.

[Ons 3MiHW KOXHOFO 3 YMHHUKIB B KOXHOMY
BY3Mni CiTkM TepuTopil YKpaiHW BU3Ha4YeHO
BMNMB BIiAMOBIAHO A0 MEeX 5 CTyneHiB 4K
HaBeaeHo B Tabn.1, ski TpaHcdopmoBaHo y
BiacoTkn 3a keBaptunsamu Big 0 go 100%.
Micna uboro obpaHo Hanbinblle 3HaYEHHS
i3 OTPUMaHUX BMNSIMBIB YCiX 5 YMHHUMKIB AN
KOXXHOro 3 Tpbox nepiogis (2021-2040,
2041-2060 i 2081-2100) 3a pgBoma
cueHapiamm (RCP 4.5 i RCP 8.5). Tob6To,
TakKMM 4YMHOM OTPMMaHO MaKCUManbHUN
CTYMiHb BNSIMBY, SIKUIW | BU3Ha4ae 3arposy B

kateropii  30iNbleHHs  ekcTpeMarbHOI
CheKn, sika npeacTaeBneHa Ha KapTi puc.3 y
BigcoTKax Bif MaKcMMarbHOI, AKIN

BiANoBidae Ay>xe BMCOKWA BNNUB i 3arposa
Ha KiHeUb cTopivys 3a cueHapiem RCP 8.5.

3arpo3a Big 306inblLUEHHS eKCTpemanbHOI
crnekn y BCi po3rnsHyTi nepiogu 3a BCima
CUeHapiaMn He HuxYe cepeaHboi. Bucokun
CTYNiHb 3arpo3n MOYUHAE NPOSABAATUCH Y
niBgeHHOMY perioHi nopani BiO
npubepexHnx Teputopin, ge cneka y
uinomy  BigYYBaETbCA  MeHWe  4vepes
HasIBHICTb OXONOMXyBasribHOro edekty Big
MopiB. Ane 3a cueHapieM  BUCOKMX
KoHueHTpauin RCP 8.5 HaBiTb y NOTOYHMI
nepiog NOLUMPEHHS 3arpo3un Ginblue HiX 3a
cueHapieM MOMipHMX KoHueHTpauin RCP

4.5 Ha cepeguHy cTOpid4s, Xod i
CTaTUCTUYHI  xapakTepuctukn  (Tabn.3)
Onu3bKi. 3arposa 30iNbLLEHHS

To determine the hazard of an increase in
extreme heat, 5 climatic impact drivers were
considered: average maximum daily air
temperature for summer months, days with
extreme heat, tropical nights, with Humidex
over 30, and cooling degree days.

For each change in every driver in every
grid node of the territory of Ukraine, the
impact was determined according to the
limits of 5 degrees as given in Table 1,
which were transformed into percentages
by quartiles from 0 to 100%. After that, the
maximum value was selected from the
obtained impacts of all 5 drivers for each of
the three periods (2021-2040, 2041-2060
and 2081-2100) under two scenarios (RCP
4.5 and RCP 8.5). That is, in this way, the
maximum degree of impact was obtained,
which determines the hazard in the
category of increasing of extreme heat,
which is presented on the map in Fig. 3 as
a percentage of the maximum, which
corresponds to a very high impact and
corresponding hazard at the end of the
century under the RCP 8.5 scenario.

The hazard of increasing extreme heat in all
considered periods under all scenarios is
not lower than medium. A high degree of
hazard begins to manifest itself in the
southern region away from coastal areas,
where heat is generally felt less due to the
presence of a cooling effect from the seas.
But under the high concentration scenario
RCP 8.5, even in the current period, the
hazard spreads more than under the
moderate concentration scenario RCP 4.5
by the middle of the century, although the
statistical characteristics (Table 3) are
close. The hazard of increasing extreme
heat under the high concentration scenario
in the period 2041-2060 is high almost
throughout the country, with the exception
of the north of the western and northern




eKcTpeManbHOi  Cnekn 3a  cueHapiem
BUCOKMX KOHLEeHTpauin y nepiog 2041-2060
Marxe no BCi TepuTopil KpaiHu BUCOKa 3a
BUKITIOYEHHAM MiBHOMI 3axigHoro i
MiBHIYHOIO perioHis, ae 3arposa
3annaeTbCa CepenHbOLo, ane Ha OKpeMmnx
AOinsiHkax npubepexHux TepuTopin BOHAa
3pocTae Oo0 AOyXe BUCOKOI. Y uen camuin
nepiog Ha cepeauHy CTOpiyYs 3a cLeHapiem
NOMIPHMM KOHLEHTpPALi He BUSBIEHO ayXe
BMCOKOIO CTyNeHs 3arpo3u Bif 36inbLueHHSs
eKCTpeManbHOI Cneku, ane BMCOKa 3arposa
nowumpunacs Ha niBHIY i cxig, OXONoKYM
niegeHb  [HinponeTpoBCcbkoi  obnacti i
cxigHoro perioHy. [Jo KiHUS cTopivyys 3a
cueHapiem RCP 45 3arpo3a Big
30iNbLUEHHSA CNEKN MOCUINIOETLCS i Y Linomy
NPOCTOPOBUA  PO3MNOAIN  Ta CTaTUCTUYHI
3Ha4yeHHs nodibHi [0 OoTpMmaHoro Ha
cepeavHy ctopidys 3a cueHapiem RCP 8.5,
ane mexa MK CepedHbOld Ta BMCOKOM
3arposamu po3TalloBaHa GinbL
MepuaioHarnksHo, i BMUCOKa 3arposa
ouikyeTbca y Bcii Cymcbkin obnacti Ta Big
niBHo4i YepHiriBcbkoi obnacti 4vepe3 Kuis
Ao Kapnatcbkux rip.

[Ons o6’egHaHoro cueHapito RCP 4.5 & 8.5
OyB 3HaANOEHUN MaAKCUMYM Yy KOXXHOMY BY3ni
CITKM i3 060X cLeHapiiB Yy KOXXHOMY nepioai,
AKUN Ona uiei 3arpo3v no BCid TepuTopii
YkpaiHn Bignosigae cueHapito RCP 8.5
(puc. 3).

CTaTUCTUYHI  XapaKTEPUCTUKM OTPUMAHUX
3arpo3 Big 30inblUeHHA cnekn, a came
MiHiManebHe, MakcumanbHe | ycepeaHeHe
3Ha4YeHHs, Ond TpbOX nepiogiB i [OBOX
cueHapiiB 3a BuU3Ha4yeHUMU 8 perioHamu,
HaBedeHi y Tabn.3.

regions, where the hazard remains medium,
but in some grid-points of coastal areas it
increases to very high. In the same period,
by mid-century, under the moderate
concentration scenario, no very high degree
of hazard from increased extreme heat was
detected, but the high degree spread to the
north and east, covering the south of the
Dnipropetrovsk region and the eastern
region. By the end of the century, under the
RCP 4.5 scenario, the hazard from
increased heat increases and, in general,
the spatial distribution and statistical values
are similar to those obtained by mid-century
under the RCP 8.5 scenario, but the
boundary between medium and high
hazards is located more meridianally, and a
high impact or hazard is expected in the
entire Sumy region and from the north of
the Chernihiv region through Kyiv to the
Carpathian Mountains.

For the combined RCP 4.5 & 8.5 scenario,
a maximum was found at each grid node
from both scenarios in each period, which
for this hazard across the entire territory of
Ukraine corresponds to the RCP 8.5
scenario (Fig. 3).

Statistical characteristics of the obtained
hazards from increased heat, namely the
minimum, maximum and average values,
for three periods and two scenarios for the
8 identified regions, are given in Table 3.
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Pwuc.3. 3arposu Big, 36inbLUeHHS
eKkcTpemarbHOI Cnekn 3a cueHapisMmm
nomipHu1x KoHueHTpauin (RCP 4.5),
BUCOKUX KoHLUeHTpauin (RCP 8.5) Ta
06’egHaHoro cueHapito (RCP 4.5 & 8.5) ana
TPbOX NepioAiB Ao KiHus XXI cT. BigHOCHO
nepiogy 1991-2010

Fig. 3. Hazards from an increase in extreme
heat under scenarios of moderate
concentrations (RCP 4.5), high
concentrations (RCP 8.5), and combined
scenario (RCP 4.5 & 8.5) for three periods
until the end of the XXI century relative to
the period 1991-2010

Tabn.3. CTaTMCTUYHI XapakTepUCTUKN
3arpo3s Bifa 36inblLUEHHS eKCTpeMarbHOI
cneku 0o KiHusa XXI cT. 3a cueHapismn RCP
4.5 i RCP 8.5 gnsa 8 perioHiB YkpaiHu

Table 3. Statistical characteristics of
hazards from an increase in extreme heat
by the end of the 21st century under the
RCP 4.5 and RCP 8.5 scenarios for 8
regions of Ukraine




Extreme Heat (% of max impact)
2021 - 2040 2041 - 2060 2081 - 2100
Region Scenario
min | mean| max | min | mean| max | min | mean| max

RCP 4.5 50 50 50 50 50 50 50 54 75
West

RCP 8.5 50 50 75 50 58 75 75 m

RCP 4.5 50 50 50 50 50 50 50 65 75
North

RCP 8.5 50 50 50 50 62 73 100 | 100 | 100

RCP 4.5 50 51 75 50 54 75 50 75 75
Central

RCP 8.5 50 60 75 75 75 73 100 | 100 | 100

RCP 4.5 50 50 75 50 53 75 75 75 75
East

RCP 8.5 50 62 75 75 75 73 100 | 100 | 100

RCP 4.5 50 63 75 50 71 75 75 75 75
South

RCP 8.5 50 71 75 75 75 73 100 | 100 | 100

RCP 4.5 50 50 50 50 51 75 50 71 75
Carpathian Mountains

RCP 8.5 50 50 75 50 73 73 100 | 100 | 100

RCP 4.5 50 50 50 50 50 50 75 75 75
Crimean Mountains

RCP 8.5 50 50 50 75 75 75

RCP 4.5 50 61 75 50 69 75
Coastal

RCP 8.5 50 62 75 75 76 | 100 | 100 | 100 | 100

3BonoxeHHs i nocywnueicte | Wet and Dry

Ona  Tuny  3arpo3n  3BOSIOXKEHHA i
NoCyLUNNBOCTI OUiHEHO YNHHUKN
KniMaTMYHOro BNAMBY AEKINbKOX KaTeropin,
AKi XapaKTepusylTb CepefHin ctaH, To6To
BBa)XXaeTbCS, WO 3MEHLleHHA onaais
YNHUTb HEeratuBHMW BMJMB, a TaKOX [ABi

KaTeropii ekcTpemanbHOCTi: 30inbLUeHHS
CUNbHMX OMagiB, WO MOXe NpU3BECTU A0
naBodKkiB Ta nigTonneHb, a  TakKoX

30iNblUeHHs OHIB 3 onagaMn MeHwe 3a 1
MM, LLO XapaKTepuaye MOCYLUnBi YMOBMW, i
okpemo Bugingetbca B MIE3K karteropis
noxexxoHebe3ne4yHoi norogu.

For the type of hazards of wet and dry, the
climatic impact drivers of several
categories were assessed, namely that
characterize the average state when a
decrease in precipitation is considered to
have a negative impact, as well as two
categories of extremes: an increase in
heavy precipitation, which can lead to
floods and inundations, as well as an
increase in days with precipitation less than
1 mm, which characterizes droughts, and
the category of fire-danger weather is
considered in this type of hazards in the
IPCC. Thus, four categories of hazards
were considered for this type, in which 10




Takum 4nHOM, AN LbOro TUMy PO3rnAHYTO
4yoTMPM  KaTteropii  3arpo3, B  SKUX
npoaHanizoBaHo 10 NOKa3HWKIB pexumy
3BOJSIOXKEHHS | MOCYLUNNBOCTI.

indicators of the wet and dry regime were
analyzed.

3MeHLLEeHHS ycepeaHeHunx onagis | Mean

precipitation decrease

Ona BU3HayeHHs 3arpo3vM  3MeHLUEHHS
ycepeaHeHol KiflbKOCTi onagiB po3rnaHyTo 5
YMHHUKIB KNiMaTUYHOIO BNIIMBY: YCepeaHeHi
KiNbKOCTi onagis 3a pik, a TakoX Yy cepeqHi
MiCsLi Ce30HIB (CiY4eHb, KBiTEHb, JIUMEHb |
XKOBTEHb) AN BpaxyBaHHS HEOAHOPIOHOCTI
BNAMBY  3MiHM  KMiMaTty Ha  Pexum
3BONOXEHHS BMPOLOBX POKY.

[na 3MiHWU KOXHOMO 3 YMHHUMKIB B KOXHOMY
BY3Ni CiTkM Teputopii YKpaiHu BU3HA4YeHO
BNAMB BIiAMNOBIAHO OO0 MeX 5 CTyneHiB Sk
HaBegeHo B Tabn.1, ski TpaHCHOPMOBAHO y
BigcoTkm 3a kBaptunsmu Big 0 go 100%.
Micna uboro obpaHo HanbinbLle 3HaYEHHS
i3 OTpUMaHWX BMMBIB YCiX 5 3a3HadyeHux
YMHHUKIB ONS KOXHOro 3 TPbOX nepiogis
(2021-2040, 2041-2060 i 2081-2100) 3a
asoma cueHapismmn (RCP 4.5 i RCP 8.5).
To6To0, Takum YMHOM OTpMMaHo
MaKCUMarbHUA CTYMiHb BMIMBY, SKAN i
BM3HA4yae 3arposdy B KaTeropii 3MeHLUeHHs
cepenHbLol KiNbKOCTi onapis, aKa
npeacraeneHa Ha KapTi puc.4 y BigcoTKax

Bi,  MaKCMManbHOi, KOMM  OYiKyeTbCSH
3MeHweHHsa onaaie Ha 20% i OGinbwe
(Tabn.1). Taki Ayxe BMCOKI BNAUBK i

3arpo3n OTpMMaHO MEePEBaKHO Ha KiHelb
cTopivys 3a cueHapiem RCP 8.5 gna Bcboro
Kpumy i Ha cxogi Ta niBAeHHOMY cCXxofi
KpaiHW, 3a BUWKITOYEHHAM MpUGEpPEXHUX
TepuTopin. TakoX [y)Xe BMCOKa 3arposa
3MEHLLEHHA onajiB OoTpuMaHa B MOTOYHUM
nepiog 2021-2040 Ha niBoHi XepCOHCBKOI
obnacTti Ta niBHoYi Kpumcbkoro miBocTpoBa
3a cueHapieM NoMipHUX KoHueHTpauin RCP
4.5, ane Hagani 3a UMM cueHapiem 3arposa

To determine the hazard of a decrease in
average precipitation sums, 5 climatic
impact drivers were considered: average
sum of precipitation for the year, as well as
for the middle months of the seasons
(January, April, July and October) to take
into account the heterogeneity of climate
change impact on water cycle throughout
the year.

For each change in every driver in every
grid node of the territory of Ukraine, the
impact was determined according to the
limits of 5 degrees as given in Table 1,
which were transformed into percentages
by quartiles from 0 to 100%. After that, the
maximum value was selected from the
obtained impacts of all 5 pointed out drivers
for each of the three periods (2021-2040,
2041-2060 and 2081-2100) under two
scenarios (RCP 4.5 and RCP 8.5).

That is, in this way, the maximum degree of
impact was obtained, which determines the
hazard in the category of reduction in mean
precipitation, which is presented on the map
in Fig. 4 as a percentage of the maximum,
when precipitation is expected to decrease
by 20% or more (Table 1). Such very high
impacts and hazards were obtained mainly
at the end of the century under the RCP 8.5
scenario for the entire Crimea and in the
east and southeast of the country, excluding
coastal areas. Also, a very high hazard from
precipitation reduction was obtained in the
current period 2021-2040 in the south of the
Kherson region and the north of the
Crimean peninsula under the moderate




BiL 3MEHLUEHHs onafiB 3MEHLUYETbLCA Ha
cepeavHy cTopivus, 3anuLiaryvncb
BUCOKOK Yy [loHeubKin obnacTi i 4O HU3bKOT
Ha TepuTopil CXiAHOro, NiBAEHHOro Ta cxoay
LeHTpanbLHOro i NiBHIMHOIO PerioHiB, y TOW
yac AK ans 3axigHoro, 3axogy
LEeHTpanbHOro i Mamke BCbOro MiBHIYHOMO
perioHiB 3arpo3a He3HayHa. 3 puc.d
O4YeBMOHO, WO caMe Yy LUMX perioHax
NPaKTU4YHO HEMAE 3arpo3un Bif 3MEHLLEHHS
KiNbKOCTi onagiB y BCi nepiogn i 3a oboma
CueHapiamu. Y TOW e 4ac [0 KiHUuS
cTopivysa 3a oboma cueHapisiMy 3arposa Big
3MEHLUEHHA KinbKOCTi onadiB Ha cxodi Ta
niBgeHHOMY Cxofi 3pocTae i CTaHOBUTbL Y
cepegHboMy no kpaiHi 28% i 45%, ski
MOXHa [HTepnpeTyBaTn $K ycepegHeHun
NOKa3sHWK L€l 3arpoau.

CTaTUCTUYHI  XapaKTEPUCTUKM OTPUMAHUNX
3arpo3 Big 3MeHLUEHHSs KiNbKOCTi onagis, a
came MiHiManbHe, MaKkcumarbHe i
ycepeaHeHe 3Ha4YeHHs Mo KpaiHi, Ana TpboX
nepiodis i ABOX CLEHapiiB 3a BU3Ha4YeHUMU
8 perioHamun, HaBefeHi y Tabn.4.

concentration scenario RCP 4.5, but further
under this scenario this hazard from
precipitation reduction decreases by the
middle of the century, remaining high in the
Donetsk region and to low in the eastern,
southern and eastern central and northern
regions, while for the western, western
central and almost all northern regions the
hazard is negligible. From Fig. 4 it is clear
that in these regions there is practically no
hazard from a decrease in precipitation in
all periods and under both scenarios. At the
same time, by the end of the century under
both scenarios the hazard from a decrease
in precipitation in the east and southeast
increases and is on average 28% and 45%
for the country, which can be interpreted as
an average indicator of this hazard.
Statistical characteristics of the obtained
hazards from a decrease in precipitation,
namely the minimum, maximum and
average value for the country, for three
periods and two scenarios for the identified
8 regions, are given in Table 4.
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Pwuc.4. 3arposu Big 3MEHLLEHHS
ycepeoHeHnx onagis 3a cueHapismu
NoMipHUX KoHueHTpauin (RCP 4.5),
BUCOKUX KoHUeHTpauin (RCP 8.5) Ta
o6’egHaHoro cueHapito (RCP 4.5 & 8.5) onsa
TPbOX nepioAiB Ao KiHus XXI cT. BigHOCHO
nepiogy 1991-2010

Fig. 4. Hazards from a reduction of mean
precipitation under scenarios of moderate
concentrations (RCP 4.5), high
concentrations (RCP 8.5), and combined
scenario (RCP 4.5 & 8.5) for three periods
until the end of the XXI century relative to
the period 1991-2010

Tabn.4. CTaTUCTUYHI XapakTepPUCTUKN
3arpo3 Big 3MEHLLEHHS ycepeaHeHnX
onagis ao kiHus XXI cT. 3a cueHapissmu
RCP 4.5i RCP 8.5 ons 8 perioHiB YkpaiHu

Table 4. Statistical characteristics of
hazards from a reduction of mean
precipitation at the end of the 21st century
under the RCP 4.5 and RCP 8.5 scenarios
for 8 regions of Ukraine




Mean Precipitation (% of max impact)

2041 - 2060 2081 - 2100

2021 - 2040
Region Scenario
min | mean| max

RCP 4.5 1 25
West

RCP 8.5 0 25

RCP 4.5 2 25
North

RCP 8.5 1 25

RCP 4.5 12 75
Central

RCP 8.5 14 75

RCP 4.5 24 75
East

RCP 8.5 31 50

RCP 4.5 41
South

RCP 8.5 18

RCP 4.5 7
Carpathian Mountains

RCP 8.5 4

RCP 4.5 25 40
Crimean Mountains

RCP 8.5 25 41

RCP 4.5 47
Coastal

wcpss [0 14

36inbLeHHs ekcTpemanbHmx onagis | Extreme precipitation increase

3MmiHa knimaTy Adie 4epes nepepos3nogin
EKCTPEMYMIB KNiMaTUYHMX XapaKTepucTuk
Ta 3pOCTaHHS NMOBTOPKOBAHOCTI
Hebe3ne4yHnx Ta CTUXINHUX SABULL, NOroaw.
[na Bu3Ha4YeHHsA 3arpo3n Big 36inbLUeHHS
eKcTpemarnbHuUX onagis  po3msHyTo 3
YUHHUKN  KNiIMaTUYHOTO BMMMBY: KiNbKICTb
onagiB 3a ogHy i 5 4ib Ta wopidHa KiNbKiCTb
AyXXe CUnbHUX onagiB, ki Buwe 3a 99-uin
NPOUEHTUNb iICTOPUYHOrO nepioay.

[na BW3HA4YeHHs CTyneHa BNMMBY LWIOAO
OCTaHHbOIMO  YMHHMKA  BUKOPUCTOBYIOTb
KpanHi NoporoBi 3HA4YEHHA NPOLEHTUNIB, SKi

Climate change acts through the
redistribution of extremes of climatic
characteristics and the increase in the
frequency of dangerous and extreme
weather events. To determine the hazard
from an increase in extreme precipitation, 3
drivers of climate impact were considered:
precipitation sums in one and 5 days and
the annual amount of very heavy
precipitation, which is higher than the 99th
percentile of the historical period.

To determine the degree of impact from the
latter driver, extreme threshold values of
percentiles are used, which reflect the




BigobpaxatoTb NOBTOPIOBAHICTb
eKCTpeMasnbHUX 3Ha4YeHb YMHHMKA. Y OaHin
OUiHUi 3arpo3 B YKpaiHi Big 3MiHM KnimaTty
Onsl ycepeaHeHoro 3a KnimaTudHi nepiogu
piyHOro posnoginy foboBux cym onagis 3a
OHi, konn BoHM = 1.0 MM, BUKOPUCTaHWUN
99-n  NpoOUEHTUNb, 3HAYEHHS  SKOro
cBig4aTb Npo eKcTpemarnbHy MoAit, ska
TpannseTbca ogmH pa3 Ha 100 pokis. Llen
YMHHUK KIiMaTUYHOrO BMAMBY BXOAUTb A0
nepeniky 27 KNOYOBUX iHOEKCIB  3MiHM
Knimaty

[http://etcedi.pacificclimate.org/list_27_indic
es.shtml,

https://www.clivar.org/organization/etccdi/et
ccdi.php, Karl et al. 1999; Peterson et al.,
2001; Peterson, 2005]. [lo6oBa KinbKiCTb
onagis, fka csgrae i nepesuwye 99-un
NPOUEHTUNb, Y MOMIPHUX LUMPOTax HaNneBHO
BKasye Ha Te, WO AocaralTbCsl Kputepil
Hebe3nevHnx un CTUXIAHUX
METEOPOSIONYHMX  SBULL,  SKi  MOXYTb
3aBoaTM  3Ha4yHMX  30UTKIB  cekTopam
eKOHOMiKW. 3okpema, HanbinbLoro BRMMBY
3a3HaBaTMMyTb Taki ceKkTopu, AK
ynpaBmniHHA  puU3MKamMu  CTUXIMHUX  NnX,
TpaHcnopT (npobrnemn 3 nepeBe3eHHsM,
AOAaTKOBMM HaBaHTaXEHHSM Ha CUCTEMY,
MOLLKOMKEHHS LUMSXIB Ta LINAXONPOBOAIB

Towo), Oyaieni (4epe3  MOLIKOOKEHHS
maTepianie ToOwWO), CifbCbke Ta nicoBe
rocnogapcTaa yepes MOLUKOMXKEHHS,
nonsraHHs, BWMOKAHHA POCMAMH  TOLLO,
TYpuU3M, BOAHI pecypcu Ta piYKOBUN CTiK
yepes NiABULLIEHHSA MMOBIPHOCTI
BUHUKHEHHS NaBOAKIB Ta  3aTOMNMEHHSA
TEpPUTOPIMN.

[Ona 3MiHM KOXHOro 3 TPbOX 3a3Ha4YeHUX
UMHHUKIB B KOXXHOMY BY3Mi CiTKM TepuTopii
YKpaiHM BM3HaA4YeHO BMNIMB BiANOBIAHO OO
MeX 5 CTyneHiB sik HaBegeHo B Tabn.1, ski
TpaHcdhOpMOBaHO y BiOCOTKM 3a
kBaptunamu Big 0 o 100%. MNicnsa uboro
o0paHo HanbinbLUe 3HAYEHHS i3 OTPUMaHKX
BMMMBIB YCIX 3 YMHHWKIB ONA KOXHOMO 3
Tpbox nepiogie (2021-2040, 2041-2060 i

frequency of extreme values of the
indicator. In this assessment of hazards in
Ukraine from climate change, for the
averaged over climatic periods annual
distribution of daily precipitation for days
when sums are = 1.0 mm, the 99th
percentile was used, the values of which
indicate an extreme event that occurs once
in 100 years. This climatic impact driver is
included in the list of 27 key climate change
indices
[http://etccdi.pacificclimate.org/list_ 27 _indic
es.shtml,
https://www.clivar.org/organization/etccdi/et
ccdi.php, Karl et al. 1999; Peterson et al.,
2001; Peterson, 2005]. Daily precipitation
that reaches and exceeds the 99th
percentile in temperate latitudes certainly
indicates that the criteria for hazardous or
dangerous meteorological events are being
reached, which can cause significant
damage to sectors of the economy. In
particular, the sectors that will be most
affected will be disaster risk management,
transport (problems with transportation,
additional load on the system, damage to
roads and overpasses, etc.), buildings (due
to damage to materials, etc.), agriculture
and forestry due to damage, subsidence,
soaking of plants, etc., tourism, water
resources and river runoff due to increased
probability of floods and inundation of
territories.

For the change of each of the three
specified CIDs in each node of the grid of
the territory of Ukraine, the impact was
determined according to the limits of 5
degrees as given in Table 1, which were
transformed into percentages by quartiles
from 0 to 100%. After that, the largest value
was selected from the obtained impacts of
all 3 CIDs for each of the three periods
(2021-2040, 2041-2060 and 2081-2100)
under two scenarios (RCP 4.5 and RCP
8.5). That is, in this way, the maximum
degree of impact was obtained, which
determines the hazard in the category of




2081-2100) 3a pgeBoma cueHapiammn (RCP
45 i RCP 8.5). Tobto, Takmm 4MHOM
OTPUMaHO MakCuMarsnbHWUIA CTYMiHb BMNSIMBY,
SKMA | BM3HA4ae 3arpo3ly B KaTeropii
30iNbLUEHHA eKCTpeManbHUX onagiB, sika
npeacrtaeneHa Ha kapTi puc.5 y BigcoTkax
BiJ MakcumarnbHOI 3MiHW, SAKil Bignosigae
AyXe BWUCOKAWA BMMAMB i 3arpo3a BnpOAOBXK

ctopiyya. CTaTUCTMYHI  XapaKTepUCTUKM
OTpUMaHuMx  3arpo3  Big  30iNblueHHS
eKkcTpemManbHnx onagis, a came

MiHiManbHe, MakcumanbHe i ycepeaHeHe
3Ha4YeHHsl, Ond TPbOX MepiodiB i [OBOX
cueHapiiB 3a BW3HayeHMMWU 8 perioHamu,
HaBedeHi y Tabn.5.

3arposn Big 30iNblUEHHA eKCTpemarbHUX
onagiB MalwTb AOCUTb CTPOKaTUN XapakTep
BOYEBMAb 4Yepe3 Te, WO CWibHi | Tpusani
onagn dopMylTbCa | BUNagawTb nNig
B3aemopieto 6aratboxX YMHHUKIB. Ane MneBHi
TEeHAEHLUIT B MPOEKLisX 3a CLueHapisiMy 3MiHK
knimaty srnpogox XXI CT. MOXHa BULINNTN.
Tak Ha BigMiHYy Bif 3arpo3 iHLWMX KaTeropin,
B LN Oyxe BUCOKI 3arposv OTpUMaHoO
GinbLIOK MipoO ANs CueHapis MOMIpHUX
KoHueHTpauin RCP 4.5. Lle nposenseTbes
Hanbinblle Ha cepeauHy CTopiyYs, KOnu
OTpUMaHo HanbinbLe ycepeaHeHe
3HaJeHHs gna TepuTopii KpaiHn (72%), vy
TOW 4ac, €K Aana cueHapio RCP 8.5
ycepefHeHi 3HavyeHHs Big 52% y noTovHMN
nepiog o 67% Ha KiHeupb cTopivysa (puc.5).
[yxe BUCOKi 3arpo3n OTpMMaHO NepeBaxHo
Ons 3axigHoro perioHy, Ae y BCi nepiogu i
ana obox cueHapiiB ycepegHeHa 3arposa
HavimeHwa 82% y notoyHui nepiog 3a RCP
8.5, a Hambinbwa 91% 3a RCP 4.5
(Tabn.5). Takox pnyxe BWUCOKa 3arposa
OYIKYeTbCA [ONA  NIBHIYHOIO perioHy Ha
cepeavHy CTopivYs i3 MEHLINM 3HAYEHHAM
79% 3HoBy ana RCP 8.5 i 6inbwum 89%
ansa cueHapito RCP 4.5, npu ubomy ayxe
BMCOKMIN piBeHb 3arpo3n 85% 3a uum
cueHapiem 30epiraeTbCsa ANg UbOro perioHy
i OO KiHUA CcTopiyysa, a B iHWi nepiogw
OTPMMaHO 3arpo3n Ha PpiBHi  BUCOKMUX.

increasing extreme precipitation, which is
presented on the map in Fig. 5 as a
percentage of the maximum change, which
corresponds to a very high impact and
hazard over the century. Statistical
characteristics of the obtained hazards from
increased extreme precipitation, namely the
minimum, maximum and average values,
for three periods and two scenarios for the
identified 8 regions, are presented in Table
5.

Hazards from increased extreme
precipitation are quite diverse, apparently
due to the fact that heavy and prolonged
precipitation is formed and falls under the
interaction of many factors. But certain
trends in projections under climate change
scenarios during the 21st century can be
identified. Thus, unlike hazards in other
categories, in this very high hazard was
obtained to a greater extent for the
moderate concentration scenario RCP 4.5.
This is most evident in the middle of the
century, when the largest averaged value
for the country's territory was obtained
(72%), while for the RCP 8.5 scenario the
averaged values range from 52% in the
current period to 67% by the end of the
century (Fig. 5). Very high hazards are
obtained mainly for the western region,
where in all periods and for both scenarios
the averaged hazard is the lowest 82% in
the current period under RCP 8.5, and the
highest 91% under RCP 4.5 (Table 5). Also,
a very high hazard is expected for the
northern region by mid-century with a lower
value of 79% again for RCP 8.5 and a
higher 89% for the RCP 4.5 scenario, while
the very high hazard level of 85% under this
scenario persists for this region until the
end of the century, and in other periods
hazards at the high level are obtained. The
Carpathian Mountains are another region
where the averaged value of 86%
corresponds to a very high hazard at the
end of the century under the RCP 8.5
scenario, although in other periods hazards




Kapnatceki ropy - LWe oguH perioH, ae
oTpumaHe ycepegHeHe 3HayeHHs 86%
Bi4NOBIiAae AyXe BUCOKiIN 3arpo3i Ha KiHeub
cTtopiyys 3a cueHapiem RCP 8.5, xoua B
iHWi nepioan 3a oboma cueHapisMmu
OTPMMaHO 3arpo3n Ha piBHIi BUCOKMX. B
KprMCbKMX ropax npakTUYHO Y BCi Nepioan i
CuUeHapil TakoX OTpUMaHO BWUCOKI 3arpo3u
3a BMKITIOYEHHAM MOTOYHOrO nepiogy 3a
CcueHapieM NOMIPHUX KOHLUEHTpauin. Tpoxu
iHLWi, ane y uinoMy cxoxi po3noginu 3arpo3
OMiKYIOTbCS y niBoeHHOMY Ta
npnbepexxHoMy perioHax, a TakoX y LieHTpi
KpalHn. Y cXigHOMY perioHi OoTpuMaHi
HanMMeHLWWi ycepefHeHi 3Ha4YeHHsa 3arposw,
Xoda BOHM BCe lWle  BiAnNoBiaawTb
cepegHbOMY PiBHIO.

at the high level are obtained under both
scenarios. In the Crimean Mountains, high
level of hazards are also obtained in almost
all periods and scenarios, with the
exception of the current period under the
moderate concentration pathway. Slightly
different, but generally similar hazard
distributions are expected in the southern
and coastal regions, as well as in the center
of the country. The eastern region has the
lowest averaged hazard values, although
they still correspond to the medium level.
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MAKCUMAJIbHUI CTYMIHb BMIUBY BIJ
NIABULLEHHA 3JIUB TA OLLOBMX NABOJKIB
MAXIMUM IMPACT BY

HEAVY PRECIPITATION & PLUVIAL FLOOD INCREASE

auurus NIHLAgY!

Puc.5. 3arpoau Big 36inbLUEHHSA
eKcTpeMarnbHUX onagissa cueHapiamm
NOMipHMX KoHueHTpauin (RCP 4.5),
BUCOKUX KOHUeHTpaui (RCP 8.5) Ta
o6’egHaHoro cueHapito (RCP 4.5 & 8.5) onsa
TPbOX NepioAiB Ao KiHus XXI cT. BigHOCHO
nepiogy 1991-2010

Fig. 5. Hazards from an increase of heavy
precipitation under scenarios of moderate
concentrations (RCP 4.5), high
concentrations (RCP 8.5), and combined
scenario (RCP 4.5 & 8.5) for three periods
until the end of the XXI century relative to
the period 1991-2010

Tabn.5. CTaTUCTUYHI XapakTepucTUKn
3arpos Bif 30iNbLUEHHS eKCTpeManbHUX
onagis go kiHus XXI CT. 3a cueHapisimu
RCP 4.5i RCP 8.5 onsa 8 perioHiB YkpaiHu

Table 5. Statistical characteristics of
hazards from an increase of heavy
precipitation at the end of the 21st century
under the RCP 4.5 and RCP 8.5 scenarios
for 8 regions of Ukraine




Heavy Precipitation and Pluvial

Flood (% of max impact)

2041 - 2060 2081 - 2100

36inbLweHHs nocyx | Increase of Droughts

100
100
100
100
100
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100

2021 - 2040
Region Scenario , ,
min | mean | max

RCP 4.5 88 |1
West

RCP 8.5 25 82 |1

RCP 4.5 71 Ml
North

RCP 8.5 74 Ml

RCP 4.5 58 i
Central

RCP 8.5 33

RCP 4.5 50 i
East

RCP 8.5 28 [l

RCP 4.5 40 i
South

RCP 8.5 39

RCP 4.5 63
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RCP 4.5 39
Crimean Mountains
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3arpo3a 30inblUeHHs TpUBanocCTi MNocyx
pospaxoByBanacs y KoXHomy 20-piyHOMY
nepioai aK MaKCcUMarbHa KiNbKiCTb
nocnigoBHnx pgHiB 6e3 cyTTeBMX onagis,
TO6TO KONKM onaam < 1 Mm Ha aoby.

[na po3paxoBaHWX 3HAYEHb B KOXHOMY
BYyani CiTkm Ha TepuTopil YkpaiHM ans
KOXXHOrO 3 Tpbox nepiogis (2021-2040,
2041-2060 i 2081-2100) 3a pgBoma
cueHapiamm (RCP 45 i RCP 8.5)
BM3HA4Ye€HO BM/MB BIAMOBIAHO A0 MeX 5
CTyneHiB $K HaBegeHo B Tabn.1, ski
TpaHcopmoBaHoO y BiACOTKM 3a
kBapTunamu Big 0 0o 100%. To6T1o, Takmm

The hazard of increasing the duration of
droughts was calculated in each 20-year
period as the maximum number of
consecutive days without significant
precipitation, i.e. when precipitation < 1 mm
per day.

For the calculated values at each grid node
in Ukraine for each of the three periods
(2021-2040, 2041-2060 and 2081-2100)
under two scenarios (RCP 4.5 and RCP
8.5), the impact was determined according
to the limits of 5 levels as given in Table 1,
which were transformed into percentages
by quartiles from 0 to 100%. That is, in this
way, hazards in the category of increasing




YMHOM OTPUMAaHO 3arpo3n B KaTteropii
30iNbLUEHHA MOCYXW, SKi MpeacTaBreHi Ha

KapTax puc.6 y BigCcOTKax Big
MakcumarnbHol, 4Kl Bignosigae Aayxe
BUCOKMA BMAMB | BIANOBIAHO 3arposa

nocyxm Ginblwe 3a 60 nocnigoBHMX AHIB 6e3
cyTTEBMX onagie  BnpogoBX XXI cT.
CTaTUCTUYHI  XapaKTEPUCTUKM OTPUMAHUX
3arpo3 Big 306inblIeHHA nocyx, a came
MiHiManeHe, MakcumasnbHe | ycepeaHeHe
3Ha4YeHHsl, Ong TpbOX nepiodiB i [OBOX
CcueHapiiB 3a BWU3Ha4yeHUMU 8 perioHamu,
HaBeaeHi y Tabn.6.

3arpo3a Big 30inblweHHs nocyxu Yy BCi
po3rngaHyTi nepiogn 3a BciMa cueHapiamu
HanHwxk4a y KapnaTCbKnx ropax, csraiouu
cepedHbOl nvue B OKpeMmx ocepeakax
nepeBaxHo Onwkdye go 3akapnarTs.
HactynHumn  perioHamn, ge  3arposa
36inbLYETLCA 00 CepefHbOol, BUCTYNalTb
3axigHun i NiBHIYHWIA, Oe nuwe Ha NiBOHi 3a
cueHapiem RCP 8.5 Ha cepeguHy ctopivys
3'ABNAIOTBCA  OCepeakm 3 BUCOKOM
3arpo3oto 36inbLweHHs nocyx. B Kpymcbkux
ropax 3arpo3a 30eOinblIoro B CepedHiin
rpagauii y notouHun nepiof i 3bepiraetbcs
00 cepefHU cTtopivyda 3a cueHapiem RCP
4.5, ane csarae BMCOKOI 3a cueHapiem RCP
8.5 i npogoexye 36inbLlyBaTUCA OO0 KiHLUS
cTopiyya 3  ocepedkamMu OyXe BUCOKOT
3arpo3n. LleHTpanbHuWin i CXigHWI perioHn
nepeBaxHO MalTb CepedHio 3arposy 3a
cueHapiem RCP 4.5 BnpogoBxX BCbOro
cTopiyYda 3 AinsiHKaMu, SKi NPOCTArarTbCS
Bif, NiBOEHHOrO perioHy 3 BUCOKUM pPiBHEM
3arpo3un. A 3a cueHapiem RCP 8.5 nnowa

TEpUTOpPii 3 BWUCOKOK 3arpo3od B LUX
perioHax 3Ha4YHO 3pocTae | BignoBigHO
NiABULLYIOTbECA ycepeaHeHi 3Ha4YeHH$s
3arposn. [ns niBgeHHoro i ocobnmeo

NpnbepexxHOro perioHiB  OTPUMAHO  OyXe
BUCOKMI CTYMiHb 3arpo3n Bif, 36inbLUeHHSA
nocyx 3 MOPIBHAHO MEHLUUMU 3HAYEHHSMU,
SKi  BiNOBigalOTb  BWUCOKIM  3arposi, o
cepeauHu ctopivys 3a cueHapiem RCP 4.5.

drought were obtained, which are presented
on the maps of Fig. 6 as a percentage of
the maximum, which corresponds to a very
high impact and, accordingly, the hazard of
drought for more than 60 consecutive days
without significant precipitation during the
21st century. Statistical characteristics of
the obtained hazards from prolonged
droughts, namely the minimum, maximum
and averaged values, for three periods and
two scenarios for the 8 regions identified,
are given in Table 6.

The hazard from increased drought in all
considered periods under all scenarios is
lowest in the Carpathian Mountains,
reaching medium only in individual foci,
mainly closer to Transcarpathia. The next
regions where the hazard increases to
medium are the western and northern
regions, where only in their south under the
RCP 8.5 scenario by the middle of the
century do foci with a high hazard of
increased droughts appear. In the Crimean
Mountains, the hazard is mostly medium in
the current period and persists until the
middle of the century under the RCP 4.5
scenario, but reaches high under the RCP
8.5 scenario and continues to increase until
the end of the century with foci of very high
hazard. The central and eastern regions
have mostly medium hazards under RCP
4.5 throughout the century with areas
extending from the southern region with
high hazard. Under RCP 8.5, the area of
high hazard in these regions increases
significantly and the averaged values of
hazards increase accordingly. For the
southern and especially coastal regions, a
very high level of hazard is obtained from
increased droughts with relatively lower
values corresponding to high hazard until
mid-century under RCP 4.5.
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Pwuc.6. 3arposu Big, 36inbLUEHHS KifTbKOCTi
JHiB 6e3 abo 3 He3Ha4YHMMM onagamu
(MigBULLIEHHST NOCYLLNNBOCTI) 3a
cueHapigamu nomMipHnx koHueHTpauin (RCP
4.5), Bucokux koHueHTpauin (RCP 8.5) Ta
o6’egHaHoro cueHapito (RCP 4.5 & 8.5) gnsa
TpbOX nepioAiB Ao KiHus XXI cT. BigHOCHO
nepiogy 1991-2010

Fig. 6. Hazards from an increase of days
without or non-essential precipitation
(droughts) under scenarios of moderate
concentrations (RCP 4.5), high
concentrations (RCP 8.5), and combined
scenario (RCP 4.5 & 8.5) for three periods
until the end of the XXI century relative to
the period 1991-2010

Tabn.6. CTaTMCTUYHI XapakTepUCTUKn
3arpo3s Bifa 36inbLUEeHHS KiNnbKOCTi gHIB 6e3
abo 3 He3Ha4yHMMK onagamu (NiABULLEHHS
nocywnmeocTi) Ao kiHusa XXI cT. 3a
cueHapiamm RCP 4.5 RCP 8.5 ona 8
perioHiB YkpaiHu

Table 6. Statistical characteristics of
hazards from an increase of days without or
non-essential precipitation (droughts) at the
end of the 21st century under the RCP 4.5
and RCP 8.5 scenarios for 8 regions of
Ukraine




RCP 4.5
Carpathian Mountains
RCP 8.5

Droughts (% of max impact)
2021 - 2040 2041 - 2060 2081 - 2100
Region Scenario
min | mean| max | min [mean| max | min | mean| max

RCP 4.5 26 50 27 50 29 50
West

RCP 8.5 25 40 50 25 34 75 25 32 50

RCP 4.5 25 33 50 25 33 50 25 42 50
North

RCP 8.5 25 46 50 25 49 75 25 41 50

RCP 4.5 25 49 75 25 50 75 25 52 75
Central

RCP 8.5 25 56 75 50 64 100 @A) 61 100

RCP 4.5 25 50 75 50 50 50 50 51 75
East

RCP 8.5 50 53 75 50 64 75 50 70

RCP 4.5 50 68 100 77
South

RCP 8.5 50

RCP 4.5
Crimean Mountains
RCP 8.5

RCP 4.5
Coastal
RCP 8.5

36inbLweHHs noxexoHebeanevHol noroau | Increase of Fire Danger Weather

IHOeKc noxexkoHebesneyHoCTi norogun Byno
3anponoHOBaHO A0 BUKOpUCTaHHA Y KaHagj,
a 3rofoM iMnnemMeHToBaHO Yy rnobanbHy
MoZenb NPOrHo3y noxexoHebesneyHoi
noroamn (Global ECMWF Fire Forecasting
model - GEFF). 3a gonomoroto uiei mogeni
PO3Pax0OBYETLCA YNCIIO AHIB 3 NMOMIPHUM,
BMCOKMM i Ay>Xe BUCOKMMW pU3MKamu
nicoBKUX NOXeX 3a knacudikadieto
€Bponericbkoi IHopMauinHoi Cnuctemmn
JlicoBux Moxex (European Forest Fire
Information System - EFFIS) Bnpogosx

The Fire Weather Index was proposed for
use in Canada and later implemented in the
Global ECMWF Fire Forecasting model
(GEFF). The model calculates the number
of days with moderate, high and very high
wildfire risks, as classified by the European
Forest Fire Information System (EFFIS),
during the fire season, which is considered
to last from June to September in the
Northern Hemisphere. The Fire Weather
Index (FWI) is calculated from midday data
on air temperature and relative humidity,




NoXeXxXoHebe3neyHoro Ce3oHy, sSIKUi,
BBaXXa€TbCH, Y MiBHIYHIN NiBKYyNi TpMBaeE 3
YepBHSA A0 BepecHd. IHaekc
noxexoHebesneyHoi noroau (aHrn. fire
weather index FWI) pospaxoByeTbcs 3a
AaHuMM oniBgHi Npo Temnepatypy Ta
BiZAHOCHY BOMOriCTb NOBITPS, LWBUAKICTb
BITPY Ta 4OOOBY KiNnbKiCTb onaais
(https://cwfis.cfs.nrcan.gc.ca/background/su
mmary/fwi). [Ina po3paxyHkiB CTyneHis
BMAMBY LIbOro KriMaTU4HOro YMHHMKA
BUKOPUCTAHO AaHi 3 €BpONencbKoro
KnimaTtmn4yHoro cepsicy KonepHikyc npo
KinbKicTb gHiB 3 iHaekcom FWI > 30, wo
BiANOBigae BUCOKOMY, Ay>Xe BUCOKOMY Ta
ekcTpemManbHOMY PiBHSAM
noxexoHebe3ne4yHoi norogn. 3Ha4eHHs
oTpuMaHi B icTopnyHomy nepiogi 1986-2005
Ta anga asox cueHapiis RCP 4.5i RCP 8.5y
TpbOX ManbyTHix nepiogax: 2021-2040,
2041-2060 i 2081-2100 3a aHcambriem 3
kombiHauii 6 (5 ons RCP 4.5) pospaxyHkis
oaHiei PKM RCA4 3 noyatkoBumMin Ta
rpaHmyHmn ymosamu 3 6 (5 ans RCP 4.5)
rnoGanbHUX KriMaTUYHMX Mogenen y
By3r1ax Ti€l )X caMOl CITKM SK | Ans
eBponencbkoro npoekta Euro-CORDEX
BMCOKOI po3aginbHoi 3gaTtHocTi (0,1x0,1°).
BinbLe iHdhopmaLii Npo po3paxyHoK
iHoekca FWI HaBegeHo Ha CTopiHUi
npoBanaepie gaHNx
(https://confluence.ecmwf.int/pages/viewpa
ge.action?pageld=283569774).

[nsa Bu3HayeHHs cTyneHsa snnuey FWI
3HAYeHHs ycepeaHoBanu ans iCTOpUYHOro i
Tpbox 20-pivHKX Nepioais, Nicns Yoro
BU3HaYanu 3aMiHy nokasHuka ons ABox
cueHapiiB y ManbyTHi nepiogmn BiAHOCHO
iCTOPUYHOrO.

Y uinomMy ans ouiHKK pU3KnKiB Big 3MiHU
KnimaTty y manbytHbomy nepeabayaeTbces,
O HeraTMBHUM BNIMB BianoBigaTmve
36inbLUeHHIo KinbkocTi gHiB 3 FWI > 30
3rigHO KarTeropin, siki HaBegeHo B Tabn.1 i
TpaHcdOpMOBaHO Y BiACOTKM 3a
kBaptunamum Big 0 o 100%. To6T1o, Takum
YMHOM OTPUMAaHO 3arpo3un B KaTeropii

wind speed and daily precipitation
(https://cwfis.cfs.nrcan.gc.ca/background/su
mmary/fwi). To calculate the levels of
impact of this climatic driver, data from the
European Climate Service Copernicus on
the number of days with the FWI index >
30, which corresponds to high, very high
and extreme levels of fire-hazardous
weather, were used. The values were
obtained in the historical period 1986-2005
and for two scenarios RCP 4.5 and RCP
8.5 in three future periods: 2021-2040,
2041-2060 and 2081-2100 by an ensemble
of 6 (5 for RCP 4.5) calculations of one
RCA4 RCM with initial and boundary
conditions from 6 (5 for RCP 4.5) global
climate models at the same grid nodes as
for the European Euro-CORDEX
high-resolution project (0.1x0.1°). More
information on the calculation of the FWI
index is provided on the data providers
page
(https://confluence.ecmwf.int/pages/viewpa
ge.action?pageld=283569774).

To determine the degree of FWI impact, the
values were averaged for the historical and
three 20-year periods, after which the
change in the indicator for the two
scenarios in future periods relative to the
historical was determined.

In general, for the assessment of the
hazard in the future, it is assumed that the
negative impact will correspond to an
increase in the number of days with FWI >
30 according to the categories given in
Table 1 and transformed into percentages
by quartiles from 0 to 100%. That is, in this
way, hazards in the category of increasing
fire-danger weather were obtained, which
are presented on the maps of Fig. 7 in
percentages of the maximum, which
corresponds to a very high impact and,
accordingly, the hazard of increasing days
with FWI > 30 by more than 20 days per
year during the 21st century. Statistical
characteristics of the hazards obtained from
increasing days with fire-danger weather,



https://cwfis.cfs.nrcan.gc.ca/background/summary/fwi
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https://confluence.ecmwf.int/pages/viewpage.action?pageId=283569774
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30inblUeHHs noxexoHebe3anevyHoi noroau,
SKi NpeacTaBneHi Ha KapTax puc.7 y
BiJCOTKax Big MakcuMarnbHOI, SKin
BiANoBigae Ay»Xe BUCOKWI BISIUB i
BiMOBIAHO 3arpo3a 36inbLueHHs gHiB 3 FWI
> 30 Ha 6inbLe 3a 20 gHIB Ha pik BNPOAOBX
XXI cT. CTaTUCTUNYHI XapaKTepPUCTUKN
OTpUMaHMX 3arpo3 Bif 30iNbLUEHHSA OHIB 3
noxexxoHebe3neyHo Noroaoto, a came
MiHiManbHe, MakcuMarbHe | ycepeaHeHe
3HaJeHHs, ANs TpbOX NepiodiB i ABOX
cueHapiiB 3a BU3Ha4eHnMuU 8 perioHamu,
HaBedeHi y Tabn.7.

3arposa 36inbLieHHs HiB 3
noxexxoHebe3neyHo Noro4o o4ikyBaHO
3pocTae [0 KiHUsA cTopivysa | HabyBae
MaKCuMarbHKX 3Ha4eHb came 3a
cueHapieM BMCOKMX KoHUeHTpauin RCP 8.5
3 ycepeHeHUM Mo KpaiHi 3Ha4eHHSM
3arposu 83% i Ay>xe BUCOKUM CTyneHeM
BMNMBY Ha MiBAHI, CXO4i i y LEeHTPI, a Takox
Nno NiBAHIO NiBHIYHOrO i 3axigHOro perioHiB.
Y Ton camui 4ac 3a cLeHapieM NoMipHUX
KoHueHTpauin RCP 4.5 ycepenHeHe
3HayeHHs 29% i MmakcumarnbHa 3arposa
BMCOKOTO PiBHA OYiKYETbCA NULLE y
CXiIHOMY perioHi 3 ocepeakamu y
niBOEHHOMY i LieHTpanbHOMY, a Ha
GinbLIOCTi TEPUTOPIT KpaiHu 3arpo3a mae
CepeaHin i HU3bKMI piBeHb. 3a cueHapiem
RCP 8.5 3arposa Ha cepeanHy ctopivysa
HaBiTb NepPeBULLYE PiBHI 32 NOMIPHUM
cueHapiem RCP 4.5 Ha kiHeub, Npy LbOMYy
BUCOKWUI piBEHb 3arpo3un O4iKyeTbCHa Ha
cxogi, niBgHi i B KpuMcbknx ropax. He
nepeBuLLYE CEPESHIN piBEHb 3arpo3u Big
36inbLUEHHA OHIB 3 NOXeXoHebe3ne4Ho
norodot Ha cepeaunHy cTopiyys 3a
NOMipHMM cLieHapieM 3 ycepegHeHMM Mo
KpaiHi 3Ha4eHHAM 22%, a B MOTOYHWN
nepiog, 3arpo3a Bif, 30iNbLUEHHA YMHHMKA
KNiMaTM4yHOro BMMAMBY MPaKTUYHO BiOCYTHA.
[nsa o6’egHaHoro cueHapito RCP 4.5 & 8.5
OyB 3HaMAEHUN MaKCUMYM Y KOXXHOMY BY3ri
CiTKM i3 060X cLUeHapiiB y KOXXHOMY nepiopai,
AKUA AN Uiel 3arpo3un no BCin TepuTopii
YkpaiHu Bignosigae cueHapito RCP 8.5

namely the minimum, maximum and
averaged values, for three periods and two
scenarios for the 8 identified regions, are
given in Table 7.

The hazard of increasing days with
fire-danger weather is expected to increase
by the end of the century and reaches its
maximum values expectedly under the
high-concentration RCP 8.5 scenario with
an averaged over country hazard value of
83% and a very high degree of impact in
the south, east and center, as well as in the
south of the northern and western regions.
At the same time, under the
moderate-concentration RCP 4.5 scenario,
an averaged value of 29% and a maximum
high-level hazard is expected only in the
eastern region with foci in the south and
center, and in most of the country the
hazard has a medium and low level. Under
the RCP 8.5 scenario, the hazard by
mid-century even exceeds the levels under
the moderate RCP 4.5 scenario by the end,
with a high level of hazard expected in the
east and south region and in the Crimean
mountains. Does not exceed the medium
level of hazard from an increase in days
with fire-danger weather by mid-century
under a moderate scenario with an
averaged value for the country of 22%, and
in the current period the hazard from an
increase in the climatic impact driver is
practically absent.

For the combined RCP 4.5 & 8.5 scenario,
a maximum was found in each grid node
from both scenarios in each period, which
for this hazard across the entire territory of
Ukraine corresponds to the RCP 8.5
scenario (Fig. 7).
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Pwuc.7. 3arposu Big, 36inbLUeHHS KifTbKOCTi
AOHIB 3 NoXexxoHebe3neyHo Norogoto 3a
cueHapisiMn NnomipHuX KoHueHTpauin (RCP
4.5), Bucokmx koHueHTpauin (RCP 8.5) ta
o6’egHaHoro cueHapito (RCP 4.5 & 8.5) ans
TPbOX NepioAiB Ao KiHus XXI cT. BigHOCHO
nepiogy 1991-2010

Fig. 7. Hazards from an increase of days
with fire-danger weather under scenarios of
moderate concentrations (RCP 4.5), high
concentrations (RCP 8.5), and combined
scenario (RCP 4.5 & 8.5) for three periods
until the end of the XXI century relative to
the period 1991-2010

Tabn.7. CTaTUCTUYHI XapakTepUCTUKN
3arpoa3 Bif 30iNbLUEHHS KiNbKOCTi OHIB 3
noxxexxoHebe3neyHo Noro4o Ao KiHusA
XXI cT. 3a cueHapismu RCP 4.5 i RCP 8.5
ans 8 perioHiB Ykpainu

Table 7. Statistical characteristics of
hazards from an increase of days with
fire-danger weather at the end of the 21st
century under the RCP 4.5 and RCP 8.5
scenarios for 8 regions of Ukraine




Fire Weather (% of max impact)

2021 - 2040 2041 - 2060 2081 - 2100
Region Scenario , ,
min |mean| max | min |mean| max | min | mean| max
RCP 4.5 10 25 7 25
West
RCP 8.5 11 50
RCP 4.5
North
RCP 8.5
RCP 4.5
Central
RCP 8.5
RCP 4.5
East
RCP 8.5
RCP 4.5
South
RCP 8.5
RCP 4.5
Carpathian Mountains
RCP 8.5
RCP 4.5
Crimean Mountains
RCP 8.5
RCP 4.5
Coastal
RCP 8.5
CHir | Snow

3arposu B Tmni MCE3K “CHir” Tak camo
AK | Ans onagiB noainATbCa Ha Ti, WO
XapaKkTepusyoTb CepeaHin cTaH
KniMaTuU4yHOI cucTemMu, i Ti, WO
BiAHOCATBLCA 4O eKCTpeManbHNX
YMHHUKIB YK Noain. | Tak camo sk i Ans
onagiB 3arpo30to Yepes HeraTuBHUIN
BNAMB Oy4emo BBaXKaTu 3MEHLLEHHS
CHIiry, y TOM 4ac 9K Ansa eKCTpemarbHUX
nogiv HeratMeHuKM BNnvB Byae Big
30iNbLEHHA OHIB 3 MOMIPHUMUA i
CUnNbHUMK cHironagamm > 10 mm onaais

Hazards in the IPCC type “Snow”, as
well as for precipitation, are divided into
those that characterize the average
state of the climate system, and those
that relate to extreme drivers or events.
And as for precipitation, the hazard due
to negative impact will be considered to
be a decrease in snow, while for
extreme events the negative impact will
be from an increase in days with
moderate and heavy snowfalls > 10 mm
of precipitation in the form of snow per




y BUmMA4i cHiry 3a goby. 3MeHLweHHS
CHIr'y MOXXHa OLIHUTY 3a KinbKiCTIO
onagis y BUrNAAi CHiry i CHiroeum
NOKPUBOM, SIKMA NPUCYTHIN Ha He
meHwe 30% Teputopil (Tabn.1).

day. The decrease in snow can be
assessed by the amount of precipitation
in the form of snow and snow cover,
which is present on at least 30% of the
territory (Tabl.1).

3MEHLLEHHS CHironagiB Ta CHIroBoro nokpuey | Snow cover & snowfall decrease

HeratneHWiA BNNuB y Uin kateropil
BiANOBIga€e 3MEHLUEHHIO CHIry i CHIroBoro
nokpuey. [pu LIbOMY, 3MEHLUEHHS KifTbKOCTI
onagiB y BUrNadi CHiry Moxe HeraTuBHoO
BMSIMHYTU Ha 3anacu NPOSYKTMBHOI BOMOMM
B FPYHTI Ta 3axXMCTY Bif eKCTpemarbHUX
HU3bKMX TeMnepaTyp ANa pOCNuH, Ha
hopMyBaHHSI CHIFrOBOIO MOKPUBY, SKWIA
BaXXNMBUWN ONS1 EKOCUCTEM Ta TYypuU3my
B3MMKY, @ TaKOX PIYKOBOro CTOKY i
BiANOBIAHO (PYHKLIOHYBAHHSA
rigpoeHepreTukn i ynpasniHHA BOAHUMUN
pecypcamu. CHIroBUIN NOKPUB TaKoX
Biflirpae BaxnuBy posb y nepeposnoini
MOTOKIB HMU3XiAHOI Ta BUCXiOHOI
KOPOTKOXBMWIBbOBOI pajiaLlii Yepes BUCOKY
BigOmBHY 3gaTHicTb 40-90% B 3aneXHOCTI
BiJ CTaHy CHiry (CBXMIW 4M CTapumn), LWo
Crpusie OesKOMY OXONOKEHHIO
NiACTUNBHOT NOBEPXHi Ta NPU3EMHOI
Temnepatypu nosiTps. Tob6To, NOTEHUiNHe
3MEHLLEHHS CHIrOBOro NOKpuBY Yepes
3pOCTaHHs NPU3EeMHOI TemnepaTypu
NoBITPS BHACNIAOK 30iNbLUEHHS
KOHLEeHTpaUii NapHUKOBWUX rasiB BMsiMHE Ha
OinblLe NOrmMHaHHA YacTKN HU3XigHOT
pagiauii, wo cnpusatume Ginbwomy
nporpisy NigCTUNBHOT MOBEPXHI.

[nsa 3MiHW KOXXHOTO 3 YUHHUKIB B KOXXHOMY
BY3nli CiTKM TepuTopil YKpaiHu BU3HAYEHO
BMAMB BiANOBIOHO 4O MeX 5 CTyNeHIB SK
HaBegeHo B Tabn.1, aki TpaHcopMoBaHO y
BifCcoTkM 3a kBapTunsimu Big 0 go 100%.
Micnsa yboro o6paHo HanbinbLue 3HAYEHHS
i3 OTPUMaHMX BMMAMBIB ABOX 3a3HA4YEHUX
YMHHUKIB OS5 KOXKHOMO 3 TPbOX Nepioais
(2021-2040, 2041-2060 i 2081-2100) 3a

The negative impact in this category
corresponds to the reduction of snow and
snow cover. At the same time, the reduction
in the amount of precipitation in the form of
snow can negatively affect the reserves of
productive moisture in the soil and
protection from extreme low temperatures
for plants, the formation of snow cover,
which is important for ecosystems and
tourism in winter, as well as river runoff and,
accordingly, the functioning of hydropower
and water resources management. Snow
cover also plays an important role in the
redistribution of downward and upward
short-wave radiation fluxes due to the high
reflectivity of 40-90% depending on the
state of the snow (fresh or old), which
contributes to some cooling of the soll
surface and surface air temperature. That
is, the potential reduction in snow cover due
to an increase in surface air temperature
due to an increase in the concentration of
greenhouse gases will affect the absorption
of a greater share of downward radiation,
which will contribute to greater warming of
the surface.

For each change in each grid node of the
territory of Ukraine, the impact was
determined according to the limits of 5
degrees as given in Table 1, which were
transformed into percentages by quartiles
from 0 to 100%. After that, the largest value
was selected from the obtained impacts of
the two specified drivers for each of the
three periods (2021-2040, 2041-2060 and
2081-2100) under two scenarios (RCP 4.5
and RCP 8.5). That is, in this way the




asoma cueHapiammn (RCP 4.5 i1 RCP 8.5).
To670, TaKMM YNHOM OTPUMAHO
MaKcumarbHWU CTYMiHb BANUBY, AKWN i
BU3Ha4ae 3arpo3y B KaTeropii 3MeHLeHHs
CHiry, sika npeAcTaBneHa Ha kapTi puc.8 'y
BiJCOTKaxX Big MakcMMarbHOI 3a KOXXHUM 3
YMHHUKIB KNiIMaTUYHOIo BMNAMBY Y L
kateropii (Tabn.1).

[nsa o6’egHaHoro cueHapito RCP 4.5 & 8.5
OyB 3HaNOEHMIA MAKCUMYM Y KOXXHOMY BY3ni
CiTKM i3 060X cueHapiiB y KOXXHOMY nepiogi,
KM ONs Uiel 3arpoaun y noToMHOMY nepiogi
BianoBigae cueHapito RCP 4.5, a Ha
cepeavHy Ta KiHeUb CTONITTA - cueHapito
RCP 8.5 (puc. 8).

CTaTUCTUYHI XapaKTepUCTUKN OTPUMAHNX
3arpo3 Bif 3MEHLUEHHSI CHiry, a came
MiHiManbHe, MakcumarbHe i ycepegHeHe
3HaYeHHs Mo KpaiHi, ANa TPbOX Nepioais i
OBOX CLeHapiiB 3a BU3Ha4YeHUMu 8
perioHamu, HaBefieHi y Tabn.8.

maximum degree of impact was obtained,
which determines the hazard in the snow
reduction category, which is presented on
the map in Fig. 8 as a percentage of the
maximum for each of the climatic impact
drivers in this category (Table 1).

For the combined RCP 4.5 & 8.5 scenario,
a maximum was found in each grid node
from both scenarios in each period, which
for this hazard in the current period
corresponds to the RCP 4.5 scenario, and
for the middle and end of the century - to
the RCP 8.5 scenario (Fig. 8).

Statistical characteristics of the obtained
hazards from snow reduction, namely the
minimum, maximum and average value
across the country, for three periods and
two scenarios for the 8 identified regions,
are given in Table 8.
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SNOW COVER & SNOWFALL DECREASE

Puc.8. 3arposu Big 3MEHLLEHHS CHIFrOBOroO
NOKpMBY Ta onagis y BUrMsAdi CHiry 3a
cueHapisgmMu nomMipHMx koHueHTpauin (RCP
4.5), Bucokux koHueHTpauin (RCP 8.5) Ta
o6’egHaHoro cueHapito (RCP 4.5 & 8.5) onsa
TPbOX NepioAiB Ao KiHus XXI cT. BigHOCHO
nepiogy 1991-2010

Fig. 8. Hazards from a decrease of days
with snow cover and snow precipitation
under scenarios of moderate concentrations
(RCP 4.5), high concentrations (RCP 8.5),
and combined scenario (RCP 4.5 & 8.5) for
three periods until the end of the XXI
century relative to the period 1991-2010

Tabn.8. CTaTMCTUYHI XapakTepUCTUKK
3arpo3 Bif 3MEHLLEHHSI CHIFrOBOIo NMOKpPUBY
Ta onagis y BUrMaA4i CHiry oo KiHuga XXI cT.
3a cueHapiasmm RCP 4.51 RCP 8.5 ona 8
perioHiB YkpaiHu

Table 8. Statistical characteristics of
hazards from a decrease of days with snow
cover and snow precipitation at the end of
the 21st century under the RCP 4.5 and
RCP 8.5 scenarios for 8 regions of Ukraine




Snowcover & snowfall (% of max impact)
2021 - 2040 2041 - 2060 2081 - 2100
Region Scenario
min | mean| max | min | mean| max | min | mean| max

RCP 4.5 25 40 75 25 50 o0l 50 51 00
West

RCP 8.5 25 26 75 50 50 muom 50

RCP 4.5 25 43 75 50 50 75 50
North

RCP 8.5 25 27 50 50 51 75 75

RCP 4.5 25 38 50 25 43 50 25
Central

RCP 8.5 25 26 50 25 50 75 50 83 | 100

RCP 4.5 25 25 50 25 42 50 25 49 50
East

RCP 8.5 25 25 25 25 50 50 50 77 | 100

RCP 4.5 25 25 50 25 27 50 25 33 50
South

RCP 8.5 25 25 25 25 31 50 25 48 75

RCP 4.5 25 42 75 25 59 mom 50 72 e
Carpathian Mountains

RCP 8.5 25 34 75 50 65 [l 75 o[l ENeo]

RCP 4.5 25 30 50 25 43 50 25 50 75
Crimean Mountains

RCP 8.5 25 27 50 25 50 75 50 90 | 100

RCP 4.5 25 25 25 25 26 50 25 26 50
Coastal

RCP 8.5 25 25 25 25 26 50 25 31 oo}

36inbLueHHs noMipHUX i cunbHUX cHironagis | Moderate and heavy snowfall increase

[ns ouiHkM CTyneHs 3arposu 30iNbLIeHHS
KifTbKOCTi MOMIPHUX | CUMBbHUX CHironagis
po3paxoByBanacs KifibKiCTb OHIB Ha piK i3
CHironagamu, Konu cyma TBepanx onagis
6yna =10 mm 3a goby. [nga pospaxyHky
LbOro nokasHvka 6ynu BukopucTtaHi Jo6oBi
AaHi 9 PKM eBponencbKoro npoekTy
Euro-CORDEX, cnncok gkux HaBe4eHo Yy
HopaTtky (prsn). QaHi mogenen gnsa o6ox
cueHapiiB MatoTb AeTani3oBaHU KPOK CiTKK
0,1x0,1° abo 12,5x12,5 km. KinbkicTb AHIB 3
onagamu y Burnagi cHiry 10 mm i Buwe
BM3Ha4anacsa 3a JOornoMoror oyHKLii
histcount nporpamHoro nakety CDO
(Climate Data Operators) ons KoxHoi 3

To assess the degree of hazard of an
increase in the amount of moderate and
heavy snowfall, the number of days per
year with snowfall when the amount of solid
precipitation was 210 mm per day was
calculated. Daily data from 9 RCMs of the
European project Euro-CORDEX were used
to calculate this indicator (a list of RCMs for
variable prsn is given in the Appendix).
Model data for both scenarios have a
detailed grid step of 0.1x0.1° or 12.5x12.5
km. The number of days with precipitation
in the form of snow of 10 mm and above
was determined using the histcount function
of the CDO (Climate Data Operators)




Mogereu i cueHapito y BCi YoTupu nepiogu:
6asoBuii 1991-2010 Ta ManbyTHI
2021-2040, 2041-2060, 2081-2100.
OckKinbkn Len NokasHUK XxapakTepuaye
eKcTpeMarnbHi YMOBM, TO cepes OTPMMaHnX
3Ha4yeHb 3a aHcambnem 9 PKM ans
KOXXHOrO nepioay B13Ha4yanvM MakcumarbHe
3a gonomoroto ¢pyHkuii CDO ensmax. [Ans
nodanbLUOi OUIHKM Ta aHaniay KrniMaTU4HUX
NPOEKLiM KiINbKICHOT 3MiHM NOKa3HMKa
NOMIPHUX | CUNBHUX CHironagis
po3paxoByBanu PisHUL MK
MaKCUMarnbHUMN 3HAYEHHAMM KiNbKOCTI
Takux OHiB Ha pik 3a aHcaMbnsaMu mogenen
3a KOXxXeH ManbyTHiIN nepiog Ta 6a3oBui
iCTOPUYHUA.

[na po3paxoBaHMX 3HA4Ye€Hb B KOXHOMY
BY3ni CiTkm Ha TepuTopii YkpaiHu Aans
KOXXHOro 3 Tpbox nepiogis (2021-2040,
2041-2060 i 2081-2100) 3a pgBoma
cueHapismmn okpemo (RCP 4.5 i RCP 8.5) i
obe’AHaHoro BM3HA4YeHO BMNMB BiAMNOBIOHO
po wMex 5 cryneHiB (Tabn.1), ki
TpaHcdOopMoBaHO y BiOCOTKM 3a
kBaptunamu Big 0 0o 100%. To6T1o, Takmm
YMHOM OTPUMAaHO 3arpo3n B Karteropii
36inbLeHHs cHironagis =210 mm 3a goby, ki
npeacTaerneHi Ha kaptax puc.9 y BigcoTkax
Bi, MakcumarbHOI, fKii BignoBigae aOyxe
BUCOKMA BMAMB i BIiANOBIAHO 3arposa
30iNblLUEHHS KIiNbKOCTI Takux nModin Ha
Oinblue 3a oanH AeHb Ha pik BnpogosxX XX
CT.

CTatuCTUYHI  XapakKTEPUCTUKM OTPUMAHUX
3arpo3 Big 30iNblUEHHS MOMIpHMX Ta
CUIMbHUX CHironagis, a came MiHimarnbHe,
MakcumarbHe i ycepeqHeHe 3HavyeHHs, aons
TPpbOX nepiogiB i [OBOX cueHapiiB 3a
BU3Ha4YeHUMM 8 perioHamn, HaBefeHi Yy
Tabn.9. Ona ob’egHaHoro cueHapito RCP
45 & 8.5 0OyB 3HanMOeHWA MaKCUMyM Y
KOXXHOMY BY3ni CiTkM i3 060X cueHapiiB y
KOXXHOMY nepiogi, akuin Ang uiei 3arposn y

NOTOYHOMY nepiogi Ta Ha cepeaviHy
CTONITTS He Mae NpPOCTOro
nepegbadyyBaHoro posnoginy no  BCil

software package for each of the models
and scenarios in all four periods: baseline
1991-2010 and future 2021-2040,
2041-2060, 2081-2100. Since this indicator
characterizes extreme conditions, among
the values obtained by the ensemble of 9
RCMs for each period, the maximum was
determined using the CDO ensmax
function. For further assessment and
analysis of climate projections of
quantitative changes in the CID of moderate
and heavy snowfall, the differences
between the maximum values of the
number of such days per year by model
ensembles for each future period and the
base historical one were calculated.

For the calculated values at each grid node
in Ukraine for each of the three periods
(2021-2040, 2041-2060 and 2081-2100) for
two scenarios separately (RCP 4.5 and
RCP 8.5) and combined, the impact was
determined according to the limits of 5
levels (Table 1), which were transformed
into percentages by quartiles from 0 to
100%. That is, in this way, hazards in the
category of an increase in snowfall 210 mm
per day were obtained, which are presented
on the maps of Fig. 9 as a percentage of
the maximum, which corresponds to a very
high impact and, accordingly, the hazard of
an increase in the number of such events
by more than one day per year during the
21st century.

Statistical characteristics of the obtained
hazards from an increase in moderate and
heavy snowfall, namely the minimum,
maximum and average value, for three
periods and two scenarios for the identified
8 regions, are given in Table 9. For the
combined scenario RCP 4.5 & 8.5, a
maximum was found in each grid node from
both scenarios in each period, which for this
hazard in the current period and by
mid-century does not have a simple
predictable distribution across the entire
territory of Ukraine for any of the scenarios
separately, instead gathering regional




TepuTopii YKkpaiHn 3a XoaHWM 3i cueHapiiB
OKpeMO, HaToMicTb 3ibpaBwm B COOI
perioHanbHi ocobnueocTi 3 060X cueHapiiB,
ane KiHeLb CTOMITTA NepeBaxHO Bignosigae
cueHapito RCP 4.5 (puc. 9).

3arposa 36inbLeHHs OHIB 3 MOMIPHUMMU i
CUNbHMMMK CHironagamn y NOTOMHUIA Nepiog,
2021-2040 HarBMLLa 3a cLeHapieM
NOMipHMX KOHUeHTpauin RCP 4.5 3
ycepeaHeHUM No KpaiHi 3HaYeHHsaIM 51% i
Oy>Xe BUCOKUM pPiBHEM 3arpo3un Ha MiBHOMI
NiBHIYHOrO PErioHy 3 ycepegHEeHUM y LiboMy
perioHi 3HadeHHAM 69%, a Takox y
3axigHoOMy perioHi i3 ycepeaHeHnM 62% i
AY>Xe BUCOKMM CTyMneHeM 3arposu
nepeBaXxHO Ha 3axigHOMY KOPOOHI
JlbBiBCbKOT 0bnacTi. Y Bucokorip’i Kapnat
ANS UbOro CLueHapito OTpUMaHO MeHLle
ycepenHeHe 3HaveHHs (57%) Hix ons
cueHapito RCP 8.5, ansa akoro ycepeaHeHe
B PErioHi 3Ha4yeHHs1 64% Hanbinble ons
LbOro YMHHUKA i cniBnagae i3 ycepegHeHUM
3HAYEHHSM Y MiBHIYHOMY PErioHi y Len
nepiog 2021-2040. OyikyBaHo, B
06’egHaHOMY cLeHapii ycepegHeHe
3HaJeHHs1 Ans BCiel kpaiHm HanbinbLwe 57%
i BignoBsigae BUcoKin 3arposi (puc.9). Y
HaCTyMHUX nepiogax 3 o4YikyBaHUM
noTenniHHAM 3a oboma cueHapismu
3arpo3a 36inbLWEeHHSA MOMIPHUX i CUITbHUX
CHironagis y LifioMy 3MeHLUyeTbCA | Ans
cueHapito RCP 8.5 Ha kiHeub cTopiv4sa
3HMKAE Ha NepeBakHin TepuTopil KpaiHuy,
ane Bce LUe 3anuwaeTbCs BULLE
cepeaHbOoro piBHA Ha MiBHOMI MiBHIYHOIO
perioHy nepeBaxHo y onicci, a Takox Ha
KpaHbOMY CXOfi i 0cepeaKom Ha Mexi
CXigHoro i NiBOEHHOIO PErioHIB MiX
3anopisbkoto i [loHelbKkoo obnactamu. Ans
cLeHapito NomipHMX KoHueHTpauin RCP 4.5
Ha KiHeLb CTOpIYYS nicns 3MeHLEHHS
3arpo3un Ha cepeauHy CTopiy4ds 3HOBY
3pocTae 3arpo3a NoMipHUX i CUMNBbHNX
CHironagie Ha KiHeLb CTOpiuYsi y BUCOKOTIp'i
Kapnar i3 ycepeaHeHnM 3HavyeHHAaM 54% i B
3axigHomy perioHi (59%). Y niBHiYHOMY

features from both scenarios, but the end of
the century mainly corresponds to the RCP
4.5 scenario (Fig. 9).

The hazard of an increase in days with
moderate and heavy snowfall in the current
period 2021-2040 is highest under the
moderate concentration scenario RCP 4.5
with an averaged over country value of 51%
and a very high hazard level in the north of
the northern region with a regional average
value of 69%, as well as in the western
region with an average of 62% and a very
high hazard level mainly on the western
border of Lviv region. In the Carpathian
highlands, a lower average value (57%)
was obtained for this scenario than for the
RCP 8.5 scenario, for which the regional
average value of 64% is the largest for this
hazard and coincides with the average
value in the northern region in this period
2021-2040. It is expected that in the
combined scenario, the average value for
the entire country is the largest, 57%, and
corresponds to a high hazard level (Fig. 9).
In the subsequent periods with the
expected warming under both scenarios,
the hazard of an increase in moderate and
heavy snowfalls generally decreases and
for the RCP 8.5 scenario by the end of the
century disappears in the majority of the
country, but still remains above the average
level in the north of the northern region
mainly in Polissiie, as well as in the far east
and in some locations on the border of the
eastern and southern regions between
Zaporizhia and Donetsk regions. For the
moderate concentration scenario RCP 4.5
by the end of the century, after the hazard
decreases by mid-century, the hazard of
moderate and heavy snowfalls by the end
of the century increases again in the
Carpathian highlands with an average value
of 54% and in the western region with
averaged value 59%. In the northern region,
under this scenario, by mid-century, the
highest average value among the regions
was obtained, 62%, which decreases by the




perioHi 3a UMM cueHapieM Ha cepeauHy
CcTOpivYs oTpMMaHo HanbinbLle cepep
perioHiB ycepeaHeHe 3Ha4yeHHs 62%, sike
3MEHLLYETbCS A0 KiHUs cTopivys 0o 55%,
ane BCe Lle B MeXax BUCOKOro piBHSA
3arpo3mn NiaBULLIEHHS LbOro YNMHHUKA.
YNHHKK KNiMaTWUYHOro BNAMBY LLIOAO
KinbKoCTi AHiB i3 cHironagamn = 10mMmM 3a
Aoby maTtMme HeraTMBHWIA BNANB 32 YMOBM
30iNbLUEHHS Ha TaKi CEKTOPU EKOHOMIKM SIK
ynpaBniHHA pU3MKaMn CTUXINHUX NnX,
Ha3eMHWUIN TpaHCcnopT (aAns epeKTUBHOIO
nepeBe3eHHs, 6e3nekun pyxy), eHepreTuka
Ta 6ygieni (Hanpuknag, HanMnaHHSA MOKPOro
CHiry, HaBaHTa)XeHHs1 Ha iIHPPaCTPYKTYPHi
00’ekTu, 3abe3neYeHHs eHepronocTadaHHs,
NOricTunka), CinibCbke Ta nicoBe
rocnogapcTsa (Hanpuknag, NOLKOAKEHHS
03MMUX, OepeB), PiYKOBUI CTiK, TYpU3M
TOLLO.

end of the century to 55%, but still within
the high level of the hazard of an increase
in this climatic impact driver.

The climatic impact driver of the number of
days with snowfall = 10 mm per day will
have a negative impact and become
hazard, if increased, for such economic
sectors as disaster risk management, land
transport (disturb efficient transportation,
traffic safety), energy and buildings (e.g.,
wet snow accumulation, load on
infrastructure facilities, ensuring energy
supply, logistics), agriculture and forestry
(e.g., damage to winter crops, trees), river
runoff, tourism, etc.
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DAYS WITH SNOWFALL >10MM PER DAY INCREASE

U8 NIHLAQ

Pwuc.9. 3arposu Big 30inblLUeHHS OHIB i3
cHironagom > 10mm 3a goby 3a cueHapissmum
NOMipHMX KoHUeHTpauin (RCP 4.5),
BUCOKUX KOHUeHTpauin (RCP 8.5) Ta
o6’egHaHoro cueHapito (RCP 4.5 & 8.5) gnsa
TPbOX NepioaiB Ao KiHus XXI cT. BigHOCHO
nepiogy 1991-2010

Fig. 9. Hazards from an increase of days
with snowfalls > 10mm per day under
scenarios of moderate concentrations (RCP
4.5), high concentrations (RCP 8.5), and
combined scenario (RCP 4.5 & 8.5) for
three periods until the end of the XXI
century relative to the period 1991-2010

Tabn.9. CTatnCTUYHi XxapakTepucTuKkn
3arpos Bifl 30iNbLUEHHS OHIB i3 CHironagom
> 10mm 3a go0y go kiHua XXI cT. 3a
cueHapiamm RCP 4.5 RCP 8.5 ona 8
perioHiB YkpaiHu

Table 9. Statistical characteristics of
hazards from an increase of days with
snowfalls > 10mm per day at the end of the
21st century under the RCP 4.5 and RCP
8.5 scenarios for 8 regions of Ukraine




Moderate snowfall days (% of max impact)

2021 - 2040 2041 - 2060 2081 - 2100
Region Scenario
min |mean| max | min |mean| max | min | mean| max
RCP 4.5 62 00 42 00 59 00
West
RCP 8.5 51 39 75 3
RCP 4.5 69
North
RCP 8.5 64
RCP 4.5 43
Central
RCP 8.5 35
RCP 4.5 54
East
RCP 8.5 39
RCP 4.5 31
South
RCP 8.5 30
RCP 4.5 57
Carpathian Mountains
RCP 8.5 64
RCP 4.5 40
Crimean Mountains
RCP 8.5 31
RCP 4.5 16
Coastal
RCP 8.5 - 23
Bitep | Wind

MigBuWweHHA cepeaHbol WBMAKOCTI BITPY | Mean wind speed increase

[na po3paxyHKiB NOKa3HUKa cepegHbol
LWBMAKOCTI NPU3EMHOr0 BiTPY ANS OLHKK
CTYNeHd BNMYBY i 3arpo3u BiJ MOro 3MiHu
BUKOPUCTAHO AaHi IHTepakTnBHoro Atnacy
(IA) WocToro 3BiTy 3 OUiHKN (Di3NYHOT
OCHOBM 3MiHU KIlimaTy nepLoi poboyoi
rpynu MixxypsgoBoi rpynm ekcnepTiB 3i
3miHm knimaty (WGI AR6 IPCC).

3arpo3a BM3Ha4YaeTbCA 3@ HEraTUBHUM
BMSMBOM i AN UbOro KniMaTU4Horo
YMHHMKA Ue 30iNbLUEeHHSI 3Ha4YeHb Y
ManbyTHi kniMaTnyHi nepiogn. 36inbLUeHHS

To calculate mean surface wind speed, data
from the Interactive Atlas (lA) of the Sixth
Assessment Report on the Physical Basis
of Climate Change of the First Working
Group of the Intergovernmental Panel on
Climate Change (WGI ARG IPCC) were
used to assess the degree of impact and
hazard from change of the CID.

The hazard is determined by the negative
impact and for this climatic driver, this is an
increase in values in future climatic periods.
An increase in wind speed negatively




LWBMAKOCTI BITPY HEraTMBHO BMNSMBaE Ha
nicose rocnogapcTBO Ta EKOCUCTEMM,
TpaHcnopT, byaisni, Takox 30inbLIye
BUNapoBYBaHHS 3 MOBEPXHI 3eMsli Ta
BOAOWM i BiAMNOBIOHO BUCYLLYE I'PYHT,
CrpUsOYN MOro eposil Ta MoXe CNPUYNHATY
BMMNapOBYBaHHS HaBiTb Manux BOOHUX
ob’ekTiB. Pasom i3 TMM, BapTO 3a3Ha4unTH,
LLIO 3pOCTaHHSA cepeaHbOi LWBUAKOCTI BITPY
cnpusTuMe BinbLUin reHepadii BiTpoBoi
eHeprii, TOOTO MOXXe MaTh i NO3NTUBHUIA
edoekT. Takox 30iNbLIEHHS LUBUOKOCTI BITPY
Yy CNEKOTHI OHi MOXe 3MeHLIyBaTh
TENMoBUN CTPEC SIK Ntogen, Tak i
ekocuctem. HaaBHICTb i 36inbLIEHHS
LWBMAKOCTI BITPY MOXe NOKpaLLUTHU SKICTb
MoBITPSA Ha NpPoTMBary ymoBam, KOnu 3a
BiCyTHOCTI abo 3a Manux LWBMAKOCTEN
BITPY HaKOMUYYOTLCA LWIKIANNBI JOMILLKA Y
npu3eMHoOMY LIapi atmocepw i BignosigHoO
noripLyrTbCA YMOBU ANS 340POB’S
HaceneHHs Ta eKOCUCTEM.

3 MeTot0 BM3HaYeHHs1 baraTtopidyHol
cepeaHbOol LWBUAKOCTI BITPY
3acTtocoByBanucsa aHcambni PerioHanbHux
KnimatnyHmux Mogenen (PKM)
eBponericbkoro npoekty Euro-CORDEX, ski
y AaHOMY BUNagKy Manuv posaifibHy
3gatHictb 0,5x0,5°. OTpumaHi gaHi
BMKOPWUCTAHO ANS TaKMX YacoBUX
NPOMIXKiB: 6a30BUIN iCTOPUYHUIA Nepios
1981-2010 (48 PKM) Ta Tpn manbyTHi
2021-2040, 2041-2060 i 2081-2100 gns
Asox cueHapiieB RCP 4.5 (20 PKM) i RCP
8.5 (48 PKM). Nepenik mogenen HaBeaeHo
y Aenosutapii |A
https://github.com/IPCC-WG1/Atlas/blob/ma

in/data-sources/ CORDEX/CORDEX-EUR d

ay.csv.
[lnsa pospaxoBaHWX 3HayeHb B KOXHOMY

BY3i CiTKM Ha TepuTopii YKpaiHn BU3HAYEHO
BMNMB BIAMOBIAHO A0 MEeX 5 CTyneHiB 4K
HaBegeHo B Tabn.1, ski TpaHcopmoBaHoO y
BiacoTkn 3a keBapTtunsammn Big 0 go 100%.
To6TO, TakKMM YMHOM OTPMMAHO 3arpo3v B
kaTeropii 36iNbLUeHHs WBWAKOCTI BITPY, SAKi
npeacraeneHi Ha kaptax puc.10 y

affects forestry and ecosystems, transport,
buildings, and also increases evaporation
from the land surface and water bodies and,
accordingly, dries out the sail, contributing
to its erosion and can cause evaporation of
even small water bodies. At the same time,
it is worth noting that an increase in
average wind speed will contribute to
greater generation of wind energy, i.e. it can
also have a positive effect. Also, an
increase in wind speed on hot days can
reduce heat stress for both people and
ecosystems. The presence and increase in
wind speed can improve air quality in
contrast to conditions when, in the absence
or at low wind speeds, harmful pollutants
accumulate in the surface layer of the
atmosphere and, accordingly, conditions for
the health of the population and
ecosystems deteriorate.

In order to determine the long-term average
wind speed, ensembles of Regional Climate
Models (RCMs) of the European project
Euro-CORDEX were used, which in this
case had a resolution of 0.5x0.5°. The
obtained data were used for the following
time periods: the base historical period
1981-2010 (48 RCMs) and three future
ones 2021-2040, 2041-2060 and
2081-2100 for two scenarios RCP 4.5 (20
RCMs) and RCP 8.5 (48 RCMs). The list of
models is given in the IA depository
https://github.com/IPCC-WG1/Atlas/blob/ma
in/data-sources/CORDEX/CORDEX-EUR_d
ay.csv.

For the calculated values at each grid node
in Ukraine, the impact was determined
according to the limits of 5 degrees as given
in Table 1, which were transformed into
percentages by quartiles from 0 to 100%.
That is, in this way, hazards in the category
of increasing wind speed were obtained,
which are presented on the maps of Fig. 10
as a percentage of the maximum, which
corresponds to a very high impact and,
accordingly, the hazard of an increase in
average wind speed by more than 0.3 m/s
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BigCOTKax Big MaKcMMarbHoI, AKIN
BignoBigae AOyxe  BUCOKMAW  BRMB i
BiANOBIAHO 3arpo3a 30inblueHHs cepeaHboi
LWBMAKOCTI BiTpy Ha 6Ginbwe 3a 0,3 m/c
BMpPOOOBXK XXI CT. CratnucTuyHi
XapakTepPUCTUKN OTPMMaHMX 3arpo3 Bia
30iNblUEHHA LWIBMAKOCTI BiTPY, a came
MiHiManeHe, MakcumanbHe i ycepegHeHe
3Ha4YeHHs, Ona TpbOX nepiogiB i [ABOX
cueHapiiB 3a BW3Ha4yeHMMW 8 perioHamu,
HaBeneHi y Tabn.10.

HanbGinbwa 3arpo3a piBHSA cepegHboi
OTpUMaHa B MOTOYHWUI Mepiog y BMCOKOrIp'i
Kapnat ans cueHapito NMOMipHUX

KoHueHTpauin RCP 4.5, 3a akum i Hagani B
Kapnatax sanuwaetbcd, ane 3HUXYETbCS
3arpo3a 00 HU3bKOI. TakoX 3a cueHapiem
BUCOKMX KOHUeHTpauin RCP8.5 oTtpumana
3arposa HW3bKOro piBHSA nNepeBaXxHO Ha
KiHeub cTopivys B 2Kutommupcokomy Monicci,
Ha kKopgoHax 3 MongoBoo i B
MNepenkapnarti. Bsarani He oTpumaHo
3arposu Big 36inbLIEHHs] WBWUAOKOCTI BIiTpY
Brnpogox XXI| cT. B npubepexHii 30Hi i B
Kpumcbkux ropax ans cueHapito RCP 8.5.

IOna o6’egHaHoro cueHapito RCP 4.5 & 8.5
OyB 3HaANOEHUN MAKCMMYM Yy KOXXHOMY BY3ni
CiTKM i3 060X cueHapiiB y KOXXHOMY nepiogi,
SKMA ONS i€l 3arpo3m y NoTOMHOMY nepiogi
Bignosigae cueHapito RCP 4.5, a Ha
cepeauHy Ta KiHeub CTONITTA - KOMOiHye
perioHanbHi ocobnueocTi 3 060X cueHapiiB
(puc. 10).

during the 21st century. Statistical
characteristics of the obtained hazards from
increasing wind speed, namely the
minimum, maximum and averaged values,
for three periods and two scenarios for the
8 identified regions, are given in Table 10.
The highest hazard level of medium was
obtained in the current period in the
Carpathian highlands for the moderate
concentration scenario RCP 4.5, according
to which the hazard remains in the
Carpathians, but decreases to low. Also,
under the high concentration scenario, a
low-level hazard was obtained mainly for
the end of the century in Zhytomyr Polissya,
on the borders with Moldova and in the
Ciscarpathia. No hazard from an increase in
wind speed was obtained at all during the
21st century in the coastal zone and in the
Crimean mountains for the RCP 8.5
scenario.

For the combined RCP 4.5 & 8.5 scenario,
a maximum was found at each grid node
from both scenarios in each period, which
for this hazard in the current period
corresponds to the RCP 4.5 scenario, and
for the mid- and end of the century -
combines regional features from both
scenarios (Fig. 10).
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Puc.10. 3arposu Big, 36inbLUeHHSA LWBWUAKOCTI
BiTPY3a cLeHapiaMu NOMipHUX
KoHueHTpauin (RCP 4.5), Bucokumx
KoHueHTpauin (RCP 8.5) Ta o6’egHaHoro
cueHapito (RCP 4.5 & 8.5) onsa Tpbox
nepioais Ao kiHusa XXI cT. BiGHOCHO nepiogy
1991-2010

Fig. 10. Hazards from an increase of wind
speed under scenarios of moderate
concentrations (RCP 4.5), high
concentrations (RCP 8.5), and combined
scenario (RCP 4.5 & 8.5) for three periods
until the end of the XXI century relative to
the period 1991-2010

Tabn.10. CTaTUCTUYHI XapaKTepPUCTUKK
3arpoas Big 30iNbLUEHHS WBMAKOCTI BITPY A0
KiHust XXI cT. 3a cueHapismn RCP 4.5 i RCP
8.5 onsa 8 perioHiB YkpaiHu

Table 10. Statistical characteristics of
hazards from an increase of wind speed at
the end of the 21st century under the RCP
4.5 and RCP 8.5 scenarios for 8 regions of
Ukraine

Mean wind speed (% of max impact)




RCP 8.5

RCP 4.5
Carpathian Mountains
RCP 8.5

RCP 4.5
Crimean Mountains
RCP 8.5

RCP 4.5
Coastal
RCP 8.5

2021 - 2040 2041 - 2060 2081 - 2100
Region Scenario
min | mean| max | min |mean| max | min | mean| max

RCP 4.5 7 50 2 25 1 25
West

RCP 8.5 2 2 2

RCP 4.5
North

RCP 8.5

RCP 4.5
Central

RCP 8.5

RCP 4.5
East

RCP 8.5

RCP 4.5
South

36inblweHHa nopwmeis BITPY | Wind gust increase

OuiHka Ta po3paxyHOkK 3arpo3u 36inbLIeHHSsI
eKCcTpemMarbHOCTI BITpy npoBogunacs yepes
00uMCNEHHS KiNTbKOCTI OHIB Ha piK, KONK
MakcmMmarbHUn NOPUB NMPU3EMHOrO BITPY 3a
AeHb nepesuLLyBaB 6 6aniB 3a LWKanow
BodopTa, To610 10,8 M/C. CunbHi BiTpK Ta
3POCTaHHS iX KiflbKOCTi Hanexarb 4o
Hebe3ne4yHnx Ta CTUXIMHUX NOrOgHUX SABULL.
BOHV MOXYTb CMIPUYNHUTU 3HAYHUIA
HeraTMBHUIM BNNWB Ha yNpaBriHHA
pU3MKaMu CTUXINHUX NUX, eHepreTuyHy
iHppacTpykTypy, Byaisni, KynsTypHy
cnafLwuHy, nicose rocnogapcTeo Ta
€KocUCTeMU, TPAHCMOPT Ta iHLWi CEKTOPMW.
Ller YMHHMK Mae HeraTMBHUI BMNSIMB, KONK
3pocTtatume y ManbyTHi KnimaTuyHi
nepiogn. Pasom i3 TMM, BapTo 3ayBaxuTy,

The assessment and calculation of the
hazard of increasing wind extremes was
carried out by calculating the number of
days per year when the maximum surface
wind gust per day exceeded 6 balls on the
Beaufort scale, i.e. 10.8 m/s. Strong winds
and their increase are dangerous and
disaster weather events. They can cause
significant negative impacts on disaster risk
management, energy infrastructure,
buildings, cultural heritage, forestry and
ecosystems, transport and other sectors.
This CID has a negative impact when it
increases in future climate periods.
However, it is worth noting that, in contrast
to the possible positive impact of increasing
average wind speed for wind energy




LLIO Ha BigMIHY Bifl MOXITMBOIO MO3UTUBHOIO
BMAMBY Big 36iNbLUEeHHSA cepeaHbOi
LWBMAKOCTI BITPY ANSA reHepadii BiTpoBOI
eHepril, AKOCTi NOBITPs Ta 340pOB’s
HaceneHHs, 36iNbLUeHHS KinbKOCTi AHIB i3
LITOPMOBMMU NOPUBaMK BITPY HE MaTUMe
YKOOHOTO MO3VUTUBHOIO BMJIMBY.

[na po3paxyHKy KifIbKOCTi AHIB, KOnu BiTep
nepeswuwysas wsnakictio 10,8 m/c,
BUKOpMCTaHoO Jo60BI AaHi Npo
MakcumarnbHUin Nopme BITPY (wsgsmax) 13
PKM (Qomatok) Euro-CORDEX, ski matoTb
BUCOKY po3ainbHy 3aaTtHicTb (0,1x0,1°) ans
nBox cueHapiiB RCP 4.5i RCP 8.5 8
icTopnyHoMy GaszoBomy 1991-2010 Ta B
TpbOX ManbyTHiX nepiogax: 2021-2040,
2041-2060 i 2081-2100. Po3paxyHku
3aincHloBanmcs anga KoxHoi 3 13 mogenen
OKpeMo Ans 4oTupbox 20-pivHnNX nepioais
3a 4OMNOMOro nNakeTHoro 3acoby CDO
(Climate Data Operators) i3 BUkopucTaHHAM
dyHkuii histcount,10.8 (noporose
3HauveHHs1), 50.0 (makcumanbHe 3Ha4YeHHs).
o6 3aincHnTM nepepaxyHoOK KinbKOCTi OHIB
Ha pik, oTpMMaHa cyma [HiB 3a KOXEH 3
nepiogis ginvnaca Ha 20 Ta
ycepegHioBanaca 3a aHcambnem 13 PKM.
Micnsa yoro Bu3Ha4anu 3miHy nokasHuka
ANSA ABOX CLeHapiiB y ManbyTHi nepioan
BiZAHOCHO iCTOPUYHOrO.

[na pospaxoBaHMX 3Ha4Ye€Hb B KOXHOMY
BY3Ni CiTKM Ha TepuTopil YKpaiHn BU3HAYEHO
BNAMB BIiAMNOBIAHO OO0 MeX 5 CTyneHiB 4K
HaBegeHo B Tabn.1, ski TpaHCOPMOBAHO y
BigcoTkm 3a kBaptunsmm Big 0 go 100%.
To6TO, TakKMM YMHOM OTPUMAaHO 3arpo3v B
KaTeropii 36inNblWEeHHA OHIB i3 LTOPMOBUMM

nopueBamn BITPY, $SKi NpeacTtaBneHi Ha
KapTax puc.11 y BigCOTKax Bif,
MakcumarnbHol, 4SKin  Bignosigae Aayxe
BUCOKMA BMAMB | BIANOBIAHO 3arposa

30inblUEHHA OHIB i3 nopyBamMun BIiTPY NoHag
6 Bbodopr Ha OGinbwe 3a 4 AHi Ha pik
BMNPOJOBX XXI CT. CratucTuyHi
XapakKTepPUCTUKM  OTPUMaHUX 3arpos Bifd
36inbLUEHHS OHIB i3 LUTOPMOB/MMW MOPUBaMu
BiTPY, @ caMe MiHimarnbHe, MakcumarbHe i

generation, air quality and public health, an
increase in the number of days with storm
wind gusts will not have any positive
impact.

To calculate the number of days when the
wind speed exceeded 10.8 m/s, daily data
on the maximum wind gust (wsgsmax) of 13
Euro-CORDEX RCMs (Appendix) with high
resolution (0.1x0.1°) for two scenarios RCP
4.5 and RCP 8.5 in the historical baseline
1991-2010 and in three future periods:
2021-2040, 2041-2060 and 2081-2100
were used. Calculations were carried out for
each of the 13 models separately for four
20-year periods using the CDO (Climate
Data Operators) package using the function
histcount,10.8 (threshold value), 50.0
(maximum value). To recalculate the
number of days per year, the resulting sum
of days for each period was divided by 20
and averaged over the ensemble of 13
RCMs. After that, the change in the
indicator for the two scenarios in future
periods relative to the historical one was
determined.

For the calculated values in each grid node
on the territory of Ukraine, the impact was
determined according to the limits of 5
degrees as given in Table 1, which were
transformed into percentages by quartiles
from 0 to 100%. That is, in this way,
hazards were obtained in the category of
increasing days with storm gusts of wind,
which are presented on the maps of Fig. 11
as a percentage of the maximum, which
corresponds to a very high impact and,
accordingly, the hazard of increasing days
with wind gusts above 6 Beaufort by more
than 4 days per year during the 21st
century. The statistical characteristics of the
obtained hazards from the increase in days
with stormy wind gusts, namely the
minimum, maximum and averaged values,
for three periods and two scenarios for the
8 identified regions, are given in Table 11.

The analysis of the increase in wind




ycepeaHeHe 3HaueHHs, ANng Tpbox nepiogis
i OBOX cueHapiiB 3a BWU3Ha4yeHUMn 8
perioHamn, HaBeaeHi y Tabn.11.

AHanis 30inbLUIeHHS eKCTpeMarnbHOCTI BITPY
He BUSIBMB 3arpo3 ans cueHapito RCP 4.5
Ha KiHeLb cTopivya Ang BCiel TepuTopil
YKpaiHu, a TakoX Ansa cxigHoro perioHy y
BCi nepioan 3a oboma cueHapigamu.
HanbinbLwi 3arposun cepegHboro i
OyKkBarnbHO B OeSKMUX 0cepenKax BUCOKOro
PiBHA BUSIBMEHO B 3axXigHOMY perioHi, B
Kapnatax i Kpumcbknx ropax, ane 6inbLioto
Mipoto Ha niegeHomy 6epesi Kpumy Ha
cepeaviHy na KiHeub CTOpIYYs 3a CLEeHapiem
RCP 8.5. Y uinomy, ana obox cueHapiiB y
BCi Nepioawn y BCiX perioHax ycepenHeHi
3Ha4YeHHs BignosigatTb abo HM3bKIN, abo
He3HauHiln 3arpoasi Big 36iNbLIEeHHs MOPMBIB
BITPY.

[nsa o6’egHaHoro cueHapito RCP 4.5 & 8.5
OyB 3HaANOEHWIA MAKCUMYM Y KOXXHOMY BY3ri
CiTKn i3 060X cueHapiiB y KOXXHOMY nepiogi,
KM ONs Uiel 3arpoaun y NoToMHOMY nepiogi
KOMBiHye perioHanbHi ocobnmneBocTi 3 060X
cueHapiiB, a Ha cepeaunHy Ta KiHeLb
cToniTTa - Bignosigae cueHapito RCP 8.5
(puc. 11).

extremes did not reveal any hazards for the
RCP 4.5 scenario by the end of the century
for the entire territory of Ukraine, as well as
for the eastern region in all periods under
both scenarios. The greatest hazards of
medium and literally in some areas of high
level are found in the western region, in the
Carpathians and the Crimean Mountains,
but to a greater extent on the southern
coast of Crimea by the middle and end of
the century under the RCP 8.5 scenario. In
general, for both scenarios in all periods in
all regions the averaged values correspond
to either low or negligible level of hazard
from increase of wind gusts in Ukraine.

For the combined RCP 4.5 & 8.5 scenario,
a maximum was found at each grid node
from both scenarios in each period, which
for this hazard in the current period
combines regional features from both
scenarios, and for the middle and end of the
century - corresponds to the RCP 8.5
scenario (Fig. 11).
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Puc.11. 3arposau Big 30iNbLLUEHHS LUBUAKOCTI
BiTPY 3a cLeHapiaMM NOMipHUX
KoHueHTpauin (RCP 4.5), BUCOkmMx
KoHueHTpauin (RCP 8.5) Ta o6’egHaHoro
cueHapito (RCP 4.5 & 8.5) ansa Tpbox
nepioais go kiHua XXI cT. BiGHOCHO nepiogy
1991-2010

Fig. 11. Hazards from an increase of wind
speed under scenarios of moderate
concentrations (RCP 4.5), high
concentrations (RCP 8.5), and combined
scenario (RCP 4.5 & 8.5) for three periods
until the end of the XXI century relative to
the period 1991-2010

Tabn.11. CTaTUCTMYHI XapakTEPUCTUKN
3arpo3 BiA 36inbLlUeHHs WBWUAKOCTI BITPY 4O
KiHust XXI cT. 3a cueHapismm RCP 4.5 i RCP
8.5 onsa 8 perioHis YkpaiHu

Table 11. Statistical characteristics of
hazards from an increase of wind speed at
the end of the 21st century under the RCP
4.5 and RCP 8.5 scenarios for 8 regions of
Ukraine

Wind gust (% of max impact)

2021 - 2040

L Region __ IScenario

2041 - 2060 2081 - 2100




West

North

Central

East

South

Carpathian Mountains

Crimean Mountains

Coastal

MpunbepexHi | Coastal

MigBuLLEeHHs BigHOCHOrO piBHA Mop4 | Relative sea level rise increase

[Ona ouiHkM 3MmiHM piBHA YopHOro mops Ha
NiBHIYHOMY y30epexcki BUKOPUCTAHO AaHi
6a3oBoro nepiogy Ta ManbyTHIX NPOEKLUin 3
npoekty EU JRC LISCOAST “Large Scale
Integrated Sea-level and Coastal
Assessment Tool” ("BenukomacutabHum
iHTErpoBaHMn  IHCTPYMEHT OLiHKM piBHSA
MOpS Ta NpubepexHnx TepuTtopin").

Habopn pgaHux npegctaensawTe coboto
3MoAeNboBaHUI PO3MN0Ain 3arafibHOro piBHS
BOAM B3O0BX y3bepexoksa (aHrn. Total Water
Level, TWL). TWL BupaxoByeTbCs 3
AVNHaMIYHOTO  MOAENIOBAHHSA  FOMOBHUX
riAPOANHAMIYHUX KOMMOHEHTIB PiBHS MOpPS

To assess the change in the level of the
Black Sea on the northern coast, baseline
data and future projections from the EU
JRC LISCOAST project “Large Scale
Integrated Sea-level and Coastal
Assessment Tool” were used.

The datasets represent the simulated
distribution of the total water level (TWL)
along the coast. TWL is calculated from
dynamic simulations of the main
hydrodynamic components of sea level
(mean sea level, tides, storm surges and
waves) obtained from an ensemble of 6
climate models for the period from




(cepegHin  piBeHb  Mops,  NPUNIMBY,
LUTOPMOBI HAroHW Ta XBWJi), OTPUMAHUX 3
aHcambnio 6-Tn kniMaTudHUX moadenen ons
nepiogy Big 01/12/1969 po 30/11/2004
(6asoBuin nepiog) Ta 3 aHcambnio 3 8-mun
KniMmatTnmyHuUX Mogenen ana nepiogy Big
1/12/2009 o 30/11/2099 Ha noyatok (2021
- 2040), cepeanny (2041 - 2060) Ta KiHeub
(2081 - 2100) cTopivys ans
penpeseHTaTMBHUX CLEHAPITB KOHLEHTpaUin
RCP 4.5 (nomipHux piseHb) Ta RCP 8.5
(BMCOKMI piBEHD).

Buxoasaum 3 npoBeaeHoro aHanisy, 3arposa
BiZ NiABMWLLEHHS PiBHA MOpS
PO3MNOAINAeTbCHA PIBHOMIPHO NO BCIi NiHii
y30epexoka Ta Mae O4HaKoBI 3Ha4YEeHHSA AN
obox cueHapiiB y BignosigHMx nepiogax. ¥
ManbyTHBOMY OMIKYETbLCS MOCTYNnoBe
36inbLUEHHS 3arpo3un, sike y NoTOYHOMY
nepioai ctaHoButTUMe 25% (HU3bka
3arpo3a) B3gOBX YCbOro y3bepexoks ans
obox cueHapiis, Ha cepeanHy ctopivdsa 50%
(cepegHin piBeHb 3arposn) i nigHiMeTbecs Ao
mMakcmmanbHux 100% i gy>xke BUCOKOro
piBHA 3arpo3u Ao kiHua XXI ctopivys.

[nsa o6’egHaHoro cueHapito RCP 4.5 & 8.5
OyB 3HaVAEHU MakCUMyM Y KOXXHOMY By3i
CiTKM i3 060X CLUEeHapiiB y KOXXHOMY nepiofgi,
KU ONs Uiei 3arpo3un no BCi TepuTopii
npunbepexcks YkpaiHu BianoBigae gaHnm
O[HO4YaCHO ABOX cueHapiiB (puc. 12).

01/12/1969 to 30/11/2004 (baseline period)
and from an ensemble of 8 climate models
for the period from 1/12/2009 to 30/11/2099
for the beginning (2021 - 2040), middle
(2041 - 2060) and end (2081 - 2100) of the
century for representative concentration
scenarios RCP 4.5 (moderate level) and
RCP 8.5 (high level).

Based on the analysis, the hazard from sea
level rise is distributed evenly along the
entire coastline and has the same values
for both scenarios in the corresponding
periods. In the future, a gradual increase in
the hazard is expected, which in the current
period will be 25% (low hazard) along the
entire coast for both scenarios, by
mid-century 50% (medium hazard level)
and will rise to a maximum of 100% and a
very high hazard level by the end of the
21st century.

For the combined scenario RCP 4.5 & 8.5,
a maximum was found at each grid node
from both scenarios in each period, which
for this hazard across the entire coastal
territory of Ukraine corresponds to the data
of both scenarios simultaneously (Fig. 12).
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Puc.12. 3arposu Big nigBuLLEHHS
BiLHOCHOIO pPiBHS MOpPS 3a CLieHapiamu
NomipHMX KoHueHTpauin (RCP 4.5),
BUCOKUX KOHLUeHTpauin (RCP 8.5) Ta
o6’egHaHoro cueHapito (RCP 4.5 & 8.5) ana
TPbOX NepioAiB Ao KiHus XXI cT. BigHOCHO
nepiogy 1991-2010

Fig. 12. Hazards from relative sea level rise
under scenarios of moderate concentrations
(RCP 4.5), high concentrations (RCP 8.5),
and combined scenario (RCP 4.5 & 8.5) for
three periods until the end of the XXI
century relative to the period 1991-2010

Relative sea level rise (% of max impact)

2021 - 2040 2041 - 2060 2081 - 2100
Region Scenario
min |mean| max | min |mean| max | min | mean| max
RCP 4.5 25 25 25 50 50 50
Coastal
RCP 8.5 25 25 25 50 50 50 100 | 100 | 100




36inbLeHHs BUCOTM HAaroHHUX XBunb | Extreme storm surge level increase

[nsa BigoGpaxeHHs ekcTpemarbHOI BUCOTU
HaroHHMx xBunb (aHrn. Extreme Surge
Storm Level, ESSL) Ha nisHi4yHOMY
y36epexcki YopHoro Ta A30BCLKOrO MOpIB
BUKOPUCTAHO AdaHi 0GasoBoro nepiogy Ta
ManbyTHix npoekuin 3 npoekty EU JRC
LISCOAST “Large Scale Integrated
Sea-level and Coastal Assessment Tool”
("BenukomaclutabHum iHTErpoBaHuin
IHCTPYMEHT  OUiHKM  piBHA  Mopsa Ta
npnbepexHnx Teputopin").

HaGopn paHuMx npeactaensawTb Cco6OO
HabopW MOKAa3HWUKIB eKCTpeMarnbHOI BUCOTU
HaroHHMX XBWSb, PO3paxoBaHi 3 aHCaMbro
8-Mn KkniMaTMyHMX Modenen 3a nepiog Big
01/12/1969 pgo 30/11/2004 (6asoBun
iCTOpMYHUI nepiog) i 3 aHcambnio 8-mu
KniMaTtuyHMX Moaenen pana nepiogy Big
1/12/2009 pgo 30/11/2099 gnga cueHapiis
penpeseHTaTUBHUX LUMAXIB  KOHLUEHTpaLUin
RCP 4.5 (nomipHunxn piseHb) Ta RCP 8.5
(Bucokui piBEHb) [ 8 nepioais
NoOBTOPIOBAHOCTI Nogii: pa3 Ha 5, 10, 20, 50,
100, 200, 500, 1000 pokis BignoBigHO [0
nigxogy Mikosoro [NepesBuwleHHs [lopory
(aHrn. Peak Over Threshold, POT).

Onsa aHanisy He  BMKOPMUCTOBYBanu
pesynbTatu Ans NOBTOPIHOBAHOCTEN pa3 Ha
5 10 pokiB, OCKifnbKk/ paxyBarocs, L0 BOHU
HaMMeHW  eKCTpemarbHi, Ana  OUiHKK
pU3KKiB MigTONMEHb Kpalle OpieHTyBaTucA
Ha OinbWw  ekcTpemanbHi  nogii, SKi
TpannsaTUMyTbCA He Tak 4acto (puc.13).
Buxogsunm 3 npoBegeHOro aHanisy, B
ManbyTHbOMY OMiKyeTbCA nocrtynoee
NiaBULLEHHSA eKkcTpemManbHoi BMCOTHU
HaroHHUX XBUIb.

Ha puc.14 3o06paxeHo pesynsratv ang
nepiogis nostoptoaHocTi 20, 50 i 100 pokis
BignosigHo. [lpotarom  ycix  nepioais
Hanbinblla 3arpo3a CnocTepiraeTbCa Ha

To display the extreme surge storm level
(ESSL) on the northern coast of the Black
and Azov Seas, baseline and future
projection data from the EU JRC
LISCOAST project “Large Scale Integrated
Sea-level and Coastal Assessment Tool”
were used.

The datasets are sets of extreme surge
height indicators calculated from an
ensemble of 8 climate models for the period
from 01/12/1969 to 30/11/2004 (baseline
historical period) and from an ensemble of 8
climate models for the period from
1/12/2009 to 30/11/2099 for representative
concentration pathways RCP 4.5 (moderate
level) and RCP 8.5 (high level)
concentration scenarios and 8 event return
periods: once every 5, 10, 20, 50, 100, 200,
500, 1000 years according to the Peak
Over Threshold (POT) approach.

The results for the 5- and 10-year return
periods were not used for the analysis, as
they were considered to be the least
extreme; for the assessment of flooding
risks, it is better to focus on more extreme
events that will occur less frequently (Fig.
13). Based on the analysis, a gradual
increase in the extreme height of surge
waves is expected in the future.

Fig. 14 shows the results for return periods
of 20, 50 and 100 years, respectively.
During all periods, the greatest hazard is
observed on the coast of the Sea of Azov
and reaches 100% (very high level), while
the Black Sea coast has a negligible or low
hazard levels. In the high concentration
scenario RCP 8.5, by the end of the
century, the wave height moves to the
medium hazard level and reaches 27% on
average along the entire coast within
Ukraine.




y3bepexcki  A30BCbKOro Mopsi i gocsrae
100% (8y>ke BMCOKMI piBEHb), y TON Yac §K
y3bepexoka YopHOro mMopsi Mae HesHadHy
abo HM3bKy 3arposy. Y cueHapii BMCOKUX
KoHueHTpauin RCP 8.5 Ha kiHeub CTONITTS
BMCOTa XBUNb NepexoanTb OO CepeaHboro
piBHS 3arpo3u i gocsrae 27% B cepeaHboMy
Mo BCbOMY Yy30epexokio YKpaiHu.

IOna o6’egHaHoro cueHapito RCP 4.5 & 8.5
OyB 3HaANOEHUN MAKCMMYM Yy KOXXHOMY BY3ni
CiTKn i3 060X cueHapiiB y KOXXHOMY nepiogi,
SKUA ONS uiel 3arpo3v no BCi Teputopii
npnbepexcks YkpaiHu BignoBigae cueHapito
RCP 8.5 (puc. 13).

For the combined RCP 4.5 & 8.5 scenario,
a maximum was found at each grid node
from both scenarios in each period, which
for this hazard across the entire Ukrainian
coastline corresponds to the RCP 8.5
scenario (Fig. 13).

YH

ISTORICAL

CTOPU

RCP 8.5

O6nacti
YopHe Mope T3 NMMaHK
Penbed

1000

EKCTPEMAJIbHA BUCOTA HATOHHMX XBWJ1b (MPUBEPEXHE NIATOM/IEHHS)
EX SURGE LEVEL (COASTAL FLOOD)

REME STORM

Puc.13. EkcTpemarnbHa BUCOTa HAaroHHMX
XBWUIb B iCTOPUYHUIA Nepioa Ta 3a ABOMa
cueHapiaMmM MOMIPHNX Ta BUCOKUX
KOHLIEHTpaLin BKa3aHOl 4acToTK
NOBTOPIOBAHOCTI NoAin

Fig. 13. Extreme height of surge waves in
the historical period and under two
scenarios of moderate and high
concentrations of the specified return
periods of events
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Pwuc.14. 3arposu Big 36inbLUEeHHS BUCOTH
eKCTpeMarnbHUX HaroHHNX XBUIb 3a
cueHapisgmMu noMipHnx KoHueHTpauin (RCP
4.5), Bucokux koHueHTpauin (RCP 8.5) Ta
06’egHaHoro cueHapito (RCP 4.5 & 8.5) ana
TPbOX NepiogiB Ao KiHus XXI cT.. BigHOCHO
nepiogy 1991-2010

Fig. 14. Hazards from an increase of
extreme storm surge levels under scenarios
of moderate concentrations (RCP 4.5), high
concentrations (RCP 8.5), and combined
scenario (RCP 4.5 & 8.5) for three periods
until the end of the XXI century relative to
the period 1991-2010

ESSL (% of max impact)

2021 - 2040 2041 - 2060 2081 - 2100
Region Scenario
min |mean| max | min |mean| max | min | mean| max
RCP 4.5 16 00 20 00 24 00
Coastal
RCP 8.5 - 17 R 2 27 S




MakcumanbHi 3arposu rno perioHax | Maximum

Hazards by Regions

MpeacraBneHuin BULLE aHari3 OTpUMMaHNX
3arpo3 Ha manax puc.2-14 cBigyuuTb Npo
NPOCTOPOBI HEOAHOPIAHOCTI AN OEAKMUX
UYMHHUKIB KNiMaTUYHOrO BNMMBY, NpeayciMm
TUX, SKi XapaKTepusyoTb eKCTpeMarnbHi
YMOBW: CUIbHI Onaau, CHironagu, nocyxu,
noxexoHebesnevHy norogy, NOPMBK BITPY i
BMCOTY HaroHHUX xBunb. [1na 3py4HOCTi i
MOXITMBOCTi MOPIBHIOBATU BMMB 3arpo3 K
y caMOMYy PerioHi 3a cLueHapisiMu i
KaTeropisiMm YMHHUKIB, TakK i 3 iHLLMMHN
perioHamMu, ansi KOXXKHOro perioHy 6ynm
nobynosaHi 6 rictorpam gnsi ABOX CLUeHapiiB
i TPbOX NepioAiB Ao KiHus XXI cT., oe
KOnbopamu 3 YncriaMmm no3HadeHo BHECOK
3MiHW KOXHOI KaTeropii YAHHUKIB y 3ararbHy
3arpoasy Bif 3MiHU KNiMaTU4yHMUX YMOB
(pnc.15). Anga uboro B KOXXHOMY perioHi
BU3HaYanmMcsa MakcumanbHi CTyneHi BNnmBy
Mo KOXHIN i3 3arpo3 y BigcoTkax, siKi
AineHHsam Ha 10 TpaHcdopmyBanmca B
ouiHkn B Mmexax 10 6aniB, aki noTiMm
nigcymoByBanucsa ans ycix 10-u kareropiv
OKpiM ABOX NpubepexHnx. Takum YUHOM
AN YCiX perioHiB OKpiM NpubepexxHoro ans
10-u kaTeropin 3arpo3 MakCumMarneHO
MOXXJIMBa OLiHKa BignoBigaTumMme Takox
100%, a ons npmbepexxHnx BOHa TaKoX
6yne 100% 3a paxyHoOk 06€’ AHAHHS i
BU3HAYEHHA MakcuMarbHOI 3arpo3n cepea
napu YMHHKKIB BIiTPY (CepenHs WBUAKICTD i
nopuvBMn) i napu NpUBEePEHNX YUHHUKIB
(MigHATTS piBHS MOpS | NiABULLEHHS
eKcTpeManbHOi BUCOTU HAaroHHUX XBUIb).
[Npun LbOMY ANs KOXHOI KaTeropii MoXxHa
iAeHTUiKyBaTN OTPUMaHUN piBeHb
MaKcMmMarbHOI 3arpo3u 3a banamu, ski
HaBegeHO Ha cToBn4YmMkax. BigcyTHiCTb
KONbOpPY CBiAYUTb NPO BiACYTHICTb 3arpo3u
BiZ 3MiHW YNMHHUKIB Y BiAMNOBIgHIN KaTeropir;
2,5 BignoBigae He3Ha4Hin 3arposi; 5 - ue
cepenHin piseHb 3arposu; 7.5 i 10 - BUCOKUn

The analysis of the obtained hazards
presented on the maps of Fig. 2-14 above
indicates spatial heterogeneity for some
climatic impact drivers, primarily those that
characterize extreme conditions: heavy
precipitation and snowfalls, droughts,
fire-danger weather, wind gusts and the
height of surge waves. For convenience
and the ability to compare the impact of
hazards both within the region itself by
scenarios and categories of drivers and with
other regions, 6 histograms were
constructed for each region for two
scenarios and three periods until the end of
the 21st century, where the contribution of
changes in each category of drivers to the
overall hazard from climate change is
indicated by colors with numbers (Fig. 15).
For this, in each region, the maximum
degrees of impact for each of the hazards
were determined in percentages, which, by
dividing by 10, were transformed into
scores within 10 points, which were then
summed for all 10 categories except for the
two coastal ones. Thus, for all regions
except the coastal region, for the 10 hazard
categories, the maximum possible score will
also correspond to 100%, and for coastal
regions it will be higher with a maximum of
120% due to the added points from sea
level rise and an increase in the extreme
height of surge waves. At the same time, for
each category, the maximum obtained
hazard level can be identified by the points
given on the columns. The absence of color
indicates the absence of hazard from
changing drivers in the corresponding
category; 2.5 corresponds to a low hazard;
5 is a medium hazard level; 7.5 and 10 are
high and very high hazard levels,
respectively.

Next, we will consider the maximum by




i Ay>Xe BUCOKMI piBHI 3arposu BignoBigHoO.
[ani posrnsHemMo mMakcumarnbeHi 3a
KaTeropisiMm Ta CyMapHi piBHi 3arpo3s no
perioHax, cueHapiax i nepiogax oo KiHus
XXI cT., 9Ki npeacTaBneHo Ha puc.15.

categories and summed hazard levels by
regions, scenarios and periods until the end
of the 21st century, which are presented in
Fig. 15.

3axig | West

[na 3axigHoro perioHy Bnpogosx XXI cT.
AN ycix nepioais Ta 060x cueHapiis
3annWaETbCAa AyXXe BMCOKO 3arpo3a
30iNblLUEeHHs ekcTpeManbHuX onaais, ki
MOXYTb MPM3BOAUTUN A0 3MMB | AOLLIOBUX
nasogkis (10 6anis Ha puc.15). Takox gna
cueHapito RCP 4.5 gyxe Bucoka 3arposa
Bif, 30inbLLUEHHSA AOHIB i3 CHironagamu noHaa
10 mm, xo4a 3a cueHapiem RCP 8.5 BoHa
MOCTYMNOBO 3MEHLLYETHCS, BOYEBMAb Yepes
CTpiMKiLle NnoTensliHHA | Bce MeHLe onagis
y BUrnsagdi cHiry. Lle nigTBepoxye otpumaHe
HapacTaHHS 3arpo3n 3MEHLLIEHHSI CHIFOBOIO
NMOKpMBY i onagiB y BUrNA4i CHiry Big
BUCOKOT Y MOTOYHUN Nepiog A0 Ayxe
BMCOKOI Hagani gnst obox cueHapiis.
3arposa nigBuLLEHHA cepeaHbol
TEMMNepaTypu Ta CMekn Ay>Ke BUCOKA NuLLe
Ha KiHeUb cTopivys 3a cueHapiem RCP 8.5,
B nonepeaHi nepioan BoHa BUCOKa, a Ans
cueHapito RCP 4.5 nuwe cepegHs. Takox
anst obox cueHapiie 3arpo3a cepefHs i Big
36iMbLUEHHSA NOCYXK, NULLE Ha cepeanHy
cTopivysa 3a cueHapiem RCP 8.5 otpumaHo
BUCOKY 3arpo3ay niaBULLEHHS LbOro
UYMHHKKa. Mocyxn 6e3anocepenHbO NOB’sI3aHi
i3 3BMEHLUEeHHAM KiNbKOCTi onagis, ane B
3axigHOMY perioHi ne HU3bKUN piBEHb
3arpo3un 3MiHM LbOro YMHHUKA OTPMMaHO
Ansi BCix nepioais 3a cueHapiem RCP 8.5, a
ana RCP 4.5 Tinbkn y NOTOMHUIA nepiog,.
HaTtomicTb Big noxexoHebeane4yHoi noroam
OTPMMaHO Ay>Ke BMCOKY 3arpo3y Ha KiHeLb i
BMCOKY Ha CepeanHy cTopivyd 3a
cueHapieM BUCOKMX KoHUeHTpauin RCP 8.5,
Xo4a ans cueHapito NoOMipHMX KOHLEHTpaL,in

For the western region during the 21st
century, for all periods and both scenarios,
the hazard of an increase in extreme
precipitation, which can lead to heavy rains
and flash floods, remains very high (10
points in Fig. 15). Also, for the RCP 4.5
scenario, the hazard of an increase in days
with snowfall over 10 mm is very high,
although under the RCP 8.5 scenario it
gradually decreases, apparently due to
faster warming and less precipitation in the
form of snow. This confirms the resulting
increase in the hazard of a decrease in
snow cover and precipitation in the form of
snow from high in the current period to very
high in the future for both scenarios. The
hazard of an increase in average
temperatures and heat is very high only by
the end of the century under the RCP 8.5
scenario, in previous periods it is high, and
for the RCP 4.5 scenario it is only medium.
Also, for both scenarios, the hazard is
medium from increasing drought, only for
the middle of the century under the RCP 8.5
scenario a high hazard of increasing this
driver was obtained. Droughts are directly
related to the decrease in mean
precipitation, but in the western region only
a low level of hazard of changing this CID
was obtained for all periods under the RCP
8.5 scenario, and for RCP 4.5 only in the
current period. In contrast, from fire-danger
weather a very high hazard was obtained
for the end and high for the middle of the
century under the high-concentration RCP
8.5 scenario, although for the




RCP 4.5 oTp1MmaHo BigCYTHICTb 3arposu y
NOTOYHMIM NEPIOA i HU3BKUI PIBEHD i3
cepeauHu Ao KiHuga ctopivys. [Ans
MOKa3HWKIB NigBULLEHHS LLUBUAKOCTI i
NnopwuBIB BITPY Y NOTOMHUI Nepiog,
HanbinbLUy 3arpo3y cepeHbOro PiBHS
OTpUMaHo Ans 0box cueHapiie 4ns NopuBie
i ANs NOMipHOro cueHapito ans 30iNbLeHHN
LUBWAKOCTI BITPY. 3arpo3a niaBULLEHHS
LWBWOKOCTI BITPY CTa€ HU3bKOIO 3 CepeanHU
00 KiHUS cTOopivYs Ans NOMipHOro cueHapito
i NMWAaeTbCA HN3BbKO ANA YCiX nepioAis 3a
CLEeHapieM BUCOKMX KOHLIEHTpaLin, ons
AIKOro 3arpo3a 36inbLUIeHHSA NOPUBIB BITPY
BXXe Ha piBHi cepeaHboi 36epiraeTbes
BMNPOOOBX BCbOro CTONITTA.

Taknm YMHOM, cyMapHa 3arpo3a 3MiHW yCix
KaTeropin YNHHWKIB KNiMaTtU4HOro BNMBY y
3axigHomy perioHi cknagae Big 50 o 72,5%
BnpogoBx XXI ctopivug. Mpu ubomy y
NOTOYHWIA Nepiof cymapHa 3arposa
ofHakoBa anist 000X cueHapiiB | cknagae
55%, ane Hagani 3HWXxKyeTbCca 00 50% i Ha
KiHeUb cTOpiy4s 3HOBY cdrae 55% ons
CLeHapito NoMipHMX KoHUeHTpauin RCP 4.5,
ane 3Ha4HO 3pOoCTae ANns CLeHapito BUCOKMX
KoHueHTpauin RCP 8.5 Ha cepeguHy
cTopivysa oo 65% i 0o 72,5% Ha kiHeup.

moderate-concentration RCP 4.5 scenario
an absence of hazard in the current period
and a low level from the middle to the end
of the century were obtained. For CIDs of
increasing wind speed and gusts in the
current period, the highest medium-level
hazard was obtained for both scenarios for
gusts and for the moderate scenario for
increasing wind speed. The hazard of
increasing wind speed becomes low from
the middle to the end of the century for the
moderate scenario and remains low for all
periods under the high concentration
scenario, for which the hazard of increasing
wind gusts remains at the medium level
throughout the century.

Thus, the total hazard of change in all
categories of climate impact factors in the
western region is from 50 to 72.5% during
the century. At the same time, in the current
period the total hazard is the same for both
scenarios and is 55%, but further decreases
to 50% and by the end of the century again
reaches 55% for the moderate
concentration scenario RCP 4.5, but
increases significantly for the high
concentration scenario RCP 8.5 to 65% by
the middle of the century and to 72.5% by
the end.

[MiBHiv | North

[ns niBHIYHOro perioHy OTpMMaHO CXOXi i3
3axigHUM OLIHKM MaKCUManbHUX 3arpos Bif
3MiHV YMHHWKIB KNiMaTU4HOro BNNuBY. Tak
BnpogoBx XXI cT. Ans ycix nepiogis ta
000X cLeHapiiB OTpUMaHo AyXe BUCOKY
3arpo3sy 306inbLUeHHSA eKCTpeManbHUX
onagi., sIKi MOXYTb CMIPUYUHATU CUSTbHI
3nuBw i gowwosi nasogkm (10 6anis Ha
puc.15). Takox onst 06ox cueHapiiB gyxe
BUCOKa 3arpo3a Bif 30iNbLIEeHHSA OHIB i3
cHironagamu noHag 10 mm, xo4a 3a
cueHapiem RCP 8.5 BoHa 3MeHLyeTbCA 0

For the northern region, similar estimates of
maximum hazard from changes in climatic
impact drivers were obtained. Thus, during
the 21st century, for all periods and both
scenarios, a very high level of hazard of an
increase in extreme precipitation, which can
cause heavy downpours and flash floods,
was obtained (10 points in Fig. 15). Also, for
both scenarios, the hazard from an increase
in days with snowfall over 10 mm is very
high, although under the RCP 8.5 scenario
it decreases to high by the end of the




BUCOKOI Ha KiHELb CTOpiY4sl, BOYEBMAb
yepes CTPiMKiLle NOTENMiHHA | BCe MEHLLE
onagis y Burngagi cHiry. Lle niaresepoxye
OTpUMaHe HapacTaHHs 3arpo3n 3MeHLUEHHS
CHIroBOro NokpwvBy i onagis y BUrNA4i CHiry
BiZl BUCOKOI i cepedHbOi Ans cueHapiiB
NOMIpPHOI | BUCOKOI KOHLEeHTpaLil BigNoBigHO
y NOTOYHUIA NEepPioA OO BUCOKOI Ha cepeauHy
i 4y>Xe BMCOKOI 0 KiHUS CTopivYds Anst 060x
cueHapiiB. 3arposa nigBULLEHHSA cepeaHbOi
TemnepaTtypu Ta Cneku AyXe BUCOoKa nuiie
Ha KiHeUb CTopivysl 3a cueHapiem RCP 8.5,
B monepefHi nepioan BoHa BMCOKa, a Ans
cueHapito RCP 4.5 nuwe cepegHs oo
cepeanHn cTopivys. Takox ang o6ox
cueHapiiB 3arpo3a cepeaHs i Big,
30iNbLUEHHS NOCYXU, NMLLE HA CEPeaVHY
cTopivysa 3a cueHapiem RCP 8.5 otpumaHo
BUCOKY 3arpo3sy nigBULLIEHHS LbOrO YMHHUKA
aHanoriyHo Ao 3axigHoro perioHy. Nocyxm
6e3nocepeHbLO NOB’A3aHi i3 3MEHLLEHHAM
KiflbKOCTi onagis, i B NiBHIYHOMY peErioHi
piBEHb 3arpo3un LbOro YMHHUKa 3poCcTaE Bif
HW3bLKOro A NOTOMHOro, cepeaHbLOro Ha
cepeauHy 0O BUCOKOro pPiBHA Ha KiHeLb
cTopivya 3a oboma cueHapiamu. Hatomictb
Tak caMmo, SK i y 3axigHoMy perioHi Bif
noxexoHebesne4Hoi norogn oTpuMaHo
Ay>Xe BMCOKY 3arposy Ha KiHeLlb i BUCOKY Ha
cepeauHy cTopivys 3 BiACYTHICTIO 3arpoaun y
NOTOYHMI NEPIOA 3a CLIEHAPIEM BUCOKMX
KoHueHTpauin RCP 8.5, xouya ans cueHapito
nomipHMxX KoHueHTpauin RCP 4.5 otpnmaHo
TaKOX BiACYTHICTb 3arpo3un y NOTOYHUI
nepioA i HA3bKWI pPiBEHD i3 cepeagmHn 4o
KiHUS cTopivy4. [1na nokasHukis
NiABULLEHHSA LWBWAKOCTI i NOpUBIB BITPY ANA
NiBHIYHOrO PerioHy OTPUMaHO Yy LiflomMy
MEHLLIi piBHI 3arpo3un NOpPIBHAHO i3 3axigHMUM.
Tak anga o6ox cueHapiiB y NOTOYHWI nepioa
OTPMMAaHO HU3bKUI piBEHb 3arposu Big
36inbLUeHHA NopuBiB BITPY. HU3bKkuin piBeHb
3arpo3u nopueiB BiTPYy 30epiraeTbecs ans
cueHapito RCP 8.5 BnpogoBx cTtopivyd i Ha
KiHeLb A0OAETbCS TaKOX HNUXbKUIN piBEHD
3arpo3u Ans 36inblUeHHs WBUAKOCTI BITPY.
Takum YMHOM, cyMapHa 3arpo3a 3MiHW ycix

century, apparently due to more rapid
warming and less precipitation in the form
of snow. This confirms the obtained
increase in the hazard of a decrease in
snow cover and precipitation in the form of
snow from high and medium for the
moderate and high concentration scenarios,
respectively, in the current period to high in
the middle and very high by the end of the
century for both scenarios. The hazard of
an increase in average temperature and
heat is very high only by the end of the
century under the RCP 8.5 scenario, it is
high in previous periods, and for the RCP
4.5 scenario, it is only medium until the
middle of the century. Also, for both
scenarios, the hazard is medium from
increased drought, only by the middle of the
century under the RCP 8.5 scenario, a high
hazard level of an increase in this driver
was obtained, similar to the western region.
Droughts are directly related to a decrease
in precipitation, and in the northern region,
the level of hazard of this CID increases
from low for the current period, medium at
the mid-centure to high levels by the end of
the century under both scenarios. Instead,
just as in the western region, fire-dangerous
weather is projected to have a very high
hazard level at the end and high at
mid-century with no hazard in the current
period under the high-concentration RCP
8.5 scenario, although for the
moderate-concentration RCP 4.5 scenario,
there is also no hazard in the current period
and a low level from mid- to late-century.
For the indicators of increased wind speed
and gusts, the northern region has
generally lower hazard levels compared to
the western region. Thus, for both
scenarios, a low hazard level from
increased wind gusts is projected in the
current period. The same low hazard level
for wind gusts is maintained for the RCP 8.5
scenario throughout the century, and a low
hazard level for increased wind speed is
also added at the end. Thus, the total




KaTeropi YNHHWKIB KNiMaTtu4HOro BNIMBY y
NiBHIYHOMY PETiOHI Mae OiNbLUMIA Po3Kug,
3HauJeHb, HiX y 3axigHoMy, | cknagae Big
45% po 75% Bnpopox XXI| cTopivus 3a
oboma cueHapisamu. Mpu LboMY Y NOTOYHUI
nepiog cymapHa 3arposa MeHLa ans
cueHapito RCP 8.5 (45%) i 6inbwa (47.5%)
ans cueHapito RCP 4.5. Ane Hagani Temnu
3pOCTaHHs 3arpo3 3a cueHapiem RCP 8.5
30iNbLUYIOTLCS | BXE i3 cepeamHm cTopivys
3Ha4YHO NepeBULLYIOTbL CYMapHY 3arposy 3a
cueHapiem RCP 4.5: 50% Ha cepeguHy i
60% Ha KiHeub cTopivysa npotn 62.5% i
75% Onsi cueHapito BUCOKUX KOHLEHTpaLin
RCP 8.5 Ha cepeauHy i KiHeLb CTOpiYYs
BiANOBiOQHO.

hazard of changes in all categories of
climatic impact drivers in the northern
region has a greater spread of values than
in the western region, and is from 45% to
75% during the 21st century under both
scenarios. At the same time, in the current
period, the total hazard level is lower for the
RCP 8.5 scenario (45%) and higher
(47.5%) for the RCP 4.5 scenario. However,
in the future, the growth rates of hazards
under the RCP 8.5 scenario increase and
already from the middle of the century
significantly exceed the total hazard under
the RCP 4.5 scenario: 50% by the middle
and 60% by the end of the century versus
62.5% and 75% for the high-concentration
RCP 8.5 scenario for the middle and end of
the century, respectively.

LleHtp | Center

[ns ueHTpanbHOro perioHy y uinomy
OTPUMAHO CXOXi OLliHKM i3 3axigHUM Ta
NiBHIYHUM perioHamu, ane 3 NOCUMNEHHSAM
3arpoas, Lo NoB’A3aHi i3 3MEHLLEHHSAM
3BONOXeHHS. Mpn LbOMYy Tak camo
BnpogoBx XXI cT. Ans ycix nepiogis ta
060X cLeHapiiB 30epiraeTbCs Ayxe BUCOKa
3arpo3a 36inbLIEeHHSA ekcTpeMarnbHUX
onagis, siKi MOXYTb CIPUYNHATU CUMbHI
3nuBeu i gowosi nasogku (10 6anie Ha
puc.15). Paszom i3 TUM B LEHTPiI OTpUMaHO
AeLLlo MeHLUi 3arpo3su Big, 36inbLUeHHS HiB
i3 cHironagamu noHaa 10 mm, xo4a ong
000X cLeHapiiB ay»xe BUCOKa 3arposa
3annwaeTbCa y NOTOYHMUIA Nepiog i3
3MEHLLUEHHSIM PiBHS 3arpo3n 40 BMCOKOI Ha
cepeauHy Ta 40 KiHUS CTopiv4y4a 3a
cLieHapieM NomipHuX KoHueHTpauin RCP
4.5. Ane 3a cueHapiem RCP 8.5 3arposa
3MEHLLYETLCA 40 CEPEAHBOI Ha KiHELb
CTOpiYYA, BOMEBUAD Yepes CTPiMKiLle
NoTensiHHA | BCce MeHLe onagis y Burnagi
cHiry. Lle niaTeepoxye oTpumaHe
HapacTaHHA 3arpo3n 3MeHLUEHHS CHIrOBOro

For the central region, similar assessments
were obtained as for the western and
northern regions, but with increased
hazards associated with reduced moisture.
At the same time, throughout the 21st
century remains a very high hazard level of
increased extreme precipitation, which can
cause heavy downpours and flash floods,
for all periods and both scenarios (10 points
in Fig. 15). At the same time, in the center,
slightly lower hazards from an increase in
days with snowfalls over 10 mm are
obtained, although for both scenarios the
very high hazard level remains in the
current period with a decrease in the hazard
level to high by the middle and end of the
century under the moderate concentration
scenario RCP 4.5. But under the RCP 8.5
scenario, the hazard decreases to medium
by the end of the century, apparently due to
more rapid warming and less precipitation
in the form of snow. This confirms the
obtained increase in the hazard of a
decrease in snow cover and precipitation in




MOKPWBY i OnaAiB y BUNSAAi CHiry Bif
cepeaHboi And obox cueHapiiB y NOTOYHUI
nepiog 4O BMCOKOI Ha cepeanHy i ayxe
BMCOKOI A0 KiHUSA cTOpivYa Ans cueHapito
RCP 8.5 Tta cepeaHboi i Bucokoi gnst RCP
4.5 BignoeigHo. Ha BigMmiHy Big 3axigHoro i
NiBHIYHOrO pPerioHiB, AN LEHTPY OTPUMaHO
BWCOKWUI piBeHb 3arpo3u Big 30inbLIeHHS
MOCyX1 BNPOAOBXK BCbOr0 CTOPIYYSA A4S
RCP 4.5. Takox BUCOKMI piBEHb 3arpo3n y
NoTo4YHMI Nepioa 3a cueHapiem RCP 8.5,
ane 3 cepeavHu CTOPIYYS OTPUMaHO OyxXe
BMCOKY 3arpo3ay nigBULLIEHHS LbOTO YMHHUKA
Ha BigMiHYy BiJ BKasaHuX perioHis. Nocyxu
0e3nocepeHbO NOB’A3aHi i3 3BMEHLLEHHAM
KinbKOCTI onagis, i B LEHTPi piBeHb 3arpo3un
LbOro YMHHWNKA 3pOCTaE Bif BUCOKOIO Y
NMOTOYHWUI Nepiof i Ha cepeauHy cTopivys
00 OyXe BUCOKOro PiBHA Ha KiHeLb CTopivys
3a oboma cueHapismn. Cxoxun go
NiBHIYHOrO | 3axiAHOro perioHy po3noain
3arpos Big noxexoHebe3ne4yHoi noroam
OTPUMaHO i B LieHTpanbHoMy. Tak gyxe
BWCOKY 3arpo3y Ha KiHeLlb, BUCOKY Ha
cepeauHy CTopivyst i HU3bKY Y NOTOYHMI
nepiog OTPUMaHO 3a CLEeHapieEM BUCOKNX
KoHueHTpauin RCP 8.5, xoua ans cueHapito
NoMipHMX KoHUeHTpauin RCP 4.5 otpnmaHo
BiJCYTHICTb 3arpo3un y noTo4HUN nepiog i
Hagani cepeaHin i BUCOKMI piBEHb Ha
cepeavHy i KiHelb cTopivys
BiANOBIAHO.3arpo3n NigBULLEHHS] CEPEAHBOI
TemnepaTypu NoBiTPS Ta CNekn gy>Ke BUCOKI
nuule Ha KiHelb CTOpIYYs 3a cLueHapiem
RCP 8.5, B nonepegHi nepioan 3arposa
NiABULLEHHSA CNekn BUcoka anst 060x
cueHapii, a Ansa cepeHbLOT Temnepatypu
NoBITPS 3arpo3a cepeaHsa Anga cueHapito
RCP 4.5 no cepeguHu ctopivys i ana RCP
8.5 nuwe y noTo4yHUKM nepiog, i3
36inbLUEHHAM 0O BUCOKOI Ha cepeanHy
cTopivyda. [na nokasHWKIB NigBULLEHHS
LWBMOKOCTI | nopuBIB BITPY ANA
LeHTpanbHOro perioHy oTpuMaHo NPOMIKHI
PiBHI 3arpo3un Mix 3axigHuMm i NiBHIYHMM. Tak
A5 060X cueHapiiB Y NOTOYHUI Nepiog
OTPUMaHO HU3bKWIA piBEHb 3arpoau Big

the form of snow from medium for both
scenarios in the current period to high in the
middle and very high by the end of the
century for the RCP 8.5 scenario and
medium and high for RCP 4.5, respectively.
In contrast to the western and northern
regions, a high level of hazard from
increased drought throughout the century
for RCP 4.5 was obtained for the center
region. Also, a high level of hazard in the
current period according to the RCP 8.5
scenario, but from the middle of the century
a very high hazard of an increase in this
CID was obtained, unlike the indicated
above regions. Droughts are directly related
to a decrease in precipitation, and in the
center the level of hazard from this CID
increases from high in the current period
and by the middle of the century to a very
high level by the end of the century
according to both scenarios. A similar
distribution of hazards from fire-dangerous
weather was obtained in the central region.
Thus, a very high hazard at the end, high at
mid-century, and low in the current period
were obtained under the high concentration
scenario RCP 8.5, although for the
moderate concentration scenario RCP 4.5,
no hazard was obtained in the current
period and further medium and high levels
were obtained for the middle and end of the
century, respectively. The hazard of an
increase in average air temperature and
heat is very high only by the end of the
century under the RCP 8.5 scenario, in
previous periods the hazard of an increase
in heat is high for both scenarios, and for
rising mean air temperature the hazard is
medium for the RCP 4.5 scenario until
mid-century and for RCP 8.5 only in the
current period with an increase to high by
mid-century. For indicators of increasing
wind speed and gusts for the central region,
intermediate hazard levels between western
and northern were obtained. Thus, for both
scenarios in the current period, a low level
of hazard from increased wind gusts was




36inbLUEeHHsA NOpUBIB BITPY, ane Ans
cueHapito RCP 4.5 Takox gogaertbcs
HU3LKNI piBEHb 3arpo3un Bia NiaBULLEHHS
LBNAOKOCTI BITPY. HU3bKNI piBEHb 3arpo3u
nopuBiB BITPy 306epiraeTbca Ang cueHapito
RCP 8.5 Bnpogoex cTtopivyd i 3 cepeanHu
00 KiHLS CTOpiYYs A0OAaETbCS TaKoX
HU3bKMI piBEHb 3arposu Big 36inbLUeHHS
LWBMAKOCTI BITPY. TakMM YMHOM, cyMapHa
3arpo3sa 3MiHU YCix KaTeropin YAHHUKIB
KniMaTU4HOro BNAMBY Y LIEHTPanbHOMUY
perioHi Mmae Hanbinble 3HavyeHHs 80%
cepen ycix perioHiB 3a BUKITHOYEHHSAM
npubepexHoro, Ae 40 3arpo3 AecaTn
KaTeropin npeacrasneHnx YMHHUKIB 0O
CyMapHOI 3arposun JoOarTbC Lie
NpnbepeXxHi YNHHUKN. Y LeHTparibHOMy
perioHi y NOTOYHUI Nepioa cymapHa
3arposa ogHakoBa Anst 06ox cueHapiie Tak
camo, §K i B 3axigHOMY perioHi, ane
3HavyeHHs BuLle - 57.5%, i Tak camo o
cepeauHu CTopivys piBeHb 3arposmu
3MeHLWwyeTbca 0o 55% ans cueHapito RCP
4.5 3a paxyHoK BijCyTHOCTI 3arposu BiJ
YMHHUKIB KaTeropii BiTep. Arne 3a cueHapiem
RCP 8.5 Temnu 3pocTaHHs 3arpo3 3Ha4yHO
306inbLUYOTLCS, | BXE i3 CepeamHun cTopivys
3HaYHO MepeBULLYIOTb CyMapHy 3arposy 3a
cueHapiem RCP 4.5 Ha kiHeub cTopivys
(60%) npotn 70% i 80% Ans cueHapito
BUCOKMX KOHUeHTpauin RCP 8.5 Ha
cepeavHy i KiHelb cTopivysa BignNoBiaHoO.

obtained, but for the RCP 4.5 scenario, a
low level of hazard from increased wind
speed is also added. The low level of
hazard from wind gusts is maintained for
the RCP 8.5 scenario throughout the
century, and from the middle to the end of
the century a low level of hazard from
increased wind speed is also added. Thus,
the total hazard of changes in all categories
of climatic impact drivers in the central
region has the highest value of 80% among
all regions except the coastal region, where
coastal drivers are added to the total hazard
level of the ten categories of CIDs
presented above. In the central region, the
total hazard level is the same for both
scenarios in the current period, as well as in
the western region, but the value is higher -
57.5%, and by the middle of the century the
hazard level decreases to 55% for the RCP
4.5 scenario due to the absence of a hazard
from wind category CIDs. However, under
the RCP 8.5 scenario, the hazard growth
rates increase significantly, and already
from the middle of the century they
significantly exceed the total hazard under
the RCP 4.5 scenario by the end of the
century (60%) versus 70% and 80% for the
high concentration scenario RCP 8.5 by the
middle and end of the century, respectively.

Cxig | East

[ns cxigHoro perioHy oTpuMaHi OLiHKK
MaKCUMarnbHUX 3arpo3 AeLLo Bifpi3HAKTLCA
BiZ nonepeHix perioHiB, OCKiflbkn came
AN cLueHapito BUCOKMX KOHLUeHTpauin RCP
8.5 oTpUMaHoO HalHmX4Ye NPOCyMOBaHe
3HauveHHs1 (47,5%) y noTouHuiA nepioa, Toai
SK 3a cueHapiem RCP 4.5 cymapHe
3HAYEHHS 3arpo3u y Lem nepiog 3Ha4HO
Ginblwe i cknagae 55% (puc.15). Ue

For the eastern region, the obtained
maximum hazard estimates differ
somewhat from the previous regions, since
it is for the high-concentration scenario
RCP 8.5 that the lowest summed value
(47.5%) was obtained in the current period,
while under the RCP 4.5 scenario the total
hazard value in this period is much higher
and is 55% (Fig. 15). This value persists




3HaJeHHs 30epiraeTbca 40 cepeamHm
CTOpivys i3 3pocTaHHaAM go 62,5% Ha
KiHeLlb CTOPIY4S 3a UMM CLeHapiem
NOMIPHUX KOHUEHTpaUin. AK i B iHWKMX
perioHax, CyMapHe 3HaJYeHHs1 3arpo3
AOCUTb LLIBMAKO 3pocTae 3a cueHapiem RCP
8.5 BnpogoBx cTonitTaA: 57,5% Ha
cepeavHy i 75% [o KiHus cTopivys, Konn 6
i3 10 3arpo3 Ha piBHi Ay>ke BUCOKUI, ABI, LLO
CTOCYHTbCS 36iNbLIEHHS] EKCTPEMArbHOCTI
onagis y TOMY Ynicrii i y BUrNAAi CHiry, Ha
BMCOKOMY PiBHi, a e ABi, sIKi MOB’s13aHi i3
36inbLUeHHAM LWBWAKOCTI BITPY Ta MOro
nopwuBiB, BiACYTHI.

Y cxigHOMY perioHi 3arposa niaBuLLLEHHSA
cepeaHbOl TeMnepaTypu NOBITPSA Ta CNekn
Oy>XXe BMCOKa fnLLEe Ha KiHeLb CTopiv4sA 3a
cueHapiem RCP 8.5, B nonepegHi nepioan
3arposa niaBULLIEHHS CMEKM BUCOKa Ans
obox cueHapiis, a Ansa cepegHbOl
TemnepaTypu NnoBiTps 3arpos3a Ha
cepeaHboMy piBHI Anst 060X cueHapiiB
nvwe y noTovHUN nepioA i3 36inbweHHaM
00 BUCOKOT Ha cepefuHy CTopivys.
3Ha4YHUIN BHECOK Y 3ararbHy 3arpoay y
CXiAHOMY perioHi BHOCATb YMHHUKMN, LLIO
MOB’sI3aHi i3 3MEHLUEHHSAM 3BOMNOXKEHHSA O
0box cueHapiis. [pu uboMy Tak camo
Bnpogosx XXI cT. onga ycix nepiogis Ta
000x cueHapiiB 30epiraeTbCa AyXe BMCOKA i
3 cepeaunHu ctopivys anss RCP 8.5 Bucoka
3arposa 306iMbLUeHHS eKCTpeMarbHUX
onagis, siKi MOXYTb CIPUYNHATUN CUMbHI
3nmBM i AowoBi naBoakn. Pasom i3 Tum Ha
CX0f4i OTPUMAaHO TaKOoX OYy>Ke BUCOKY Y
noto4yHmin nepioa anss RCP 4.5 i Bucoki
piBHI 3arpoau Big 30iNbLUEHHS OHIB i3
cHironagamu noHag 10 mm B iHWI nepiogwm. |
Ha BigMiHY BiJ iHLUMX perioHIB 3a cueHapiem
RCP 8.5 3arposa 30inbLUeHHSs LbOoro
YMHHUKA BMPOAOBX CTOPIYYS 3anmLIaeTbCs
Ha BUCOKOMY piBHi. Ane pa3om i3 Tum 3a
UMM CLEeHapieM OTPUMaHO HapacTaHHS
3arpo3un 3MeHLLUEHHS CHIFOBOrO MOKPUBY i
onagiB y BUrNadi CHiry Bif HU3bKOro y
NOTOYHMIM Nepioa OO cepeaHboro Ha
cepeavHy i Ay>e BUCOKOro A0 KiHLS

until the middle of the century with an
increase to 62.5% by the end of the century
under this moderate-concentration
scenario. As in other regions, the total
hazard value increases quite rapidly under
the RCP 8.5 scenario over the century:
57.5% by the middle and 75% by the end of
the century, when 6 out of 10 hazards are at
a very high level, two related to increased
precipitation extremes, including snow, are
at a high level, and two more, related to
increased wind speed and gusts, are
absent.

In the eastern region, the hazard of an
increase in mean air temperature and heat
is very high only by the end of the century
according to the RCP 8.5 scenario, in
previous periods the hazard level of an
increase in heat is high for both scenarios,
and for mean air temperature the hazard is
at an medium level for both scenarios only
in the current period with an increase to
high by the middle of the century.

A significant contribution to the overall
hazard level in the eastern region is from
climatic impact drivers associated with a
decrease in moisture for both scenarios. At
the same time, throughout the 21st century.
for all periods and both scenarios, the very
high and from the middle of the century for
RCP 8.5 the high hazard of an increase in
extreme precipitation, which can cause
heavy rains and flash floods, remains. At
the same time, in the east, a very high
hazard in the current period for RCP 4.5
and high levels of hazard from an increase
in days with snowfall over 10 mm in other
periods were also obtained. And unlike
other regions, under the RCP 8.5 scenario,
the hazard of an increase in this CID over
the century remains at a high level. But at
the same time, under this scenario, an
increase in the hazard of a decrease in
snow cover and precipitation in the form of
snow from low in the current period to
medium in the middle and very high by the
end of the century was obtained. The




cTopivyA. 3arpo3a 3MEHLLEHHS CHIroBOro
nokpuey ans cueHapito RCP 4.5
3annwaeTbCa Ha cepeaHbOMY PiBHI
BMNPOOOBX YCiX pO3rnsaHyTUX nepiogis. Ha
BiAMiHY BiJ 3axigHOro i NiIBHIYHOMO PerioHis,
Ha cxofi Tak caMo SIK i Y LLeHTpi OTpUMaHo
BMCOKWUI PiBEHb 3arpo3u Big 30iNbLLIEHHS
MOCYXM Ha NOYaTKy iy KiHUi cTOpivYS i
cepegHin Ha cepeavHy ansa RCP 4.5.
HaTomicTb BUCOKMI piBEHb 3arposu
OTPUMaHO y NOTOYHWUI Nepiog i Ha
cepeauHy CTopivyst i3 3poCTaHHAM A0 OyXe
BWCOKOro Ha KiHelb 3a cueHapiem RCP 8.5.
Mocyxun 6e3nocepeaHbO NOB’A3aHi i3
3MEHLUEHHAM KiNlbKOCTI onagais, i Ha cxoai
piBEHb 3arpo3un LbOro YMHHMKa 3pocTae
CX0Xe 00 LEHTPY Bif BUCOKOrO (CepeaHboro
3a RCP 8.5) y noTouHui nepiog i Ha
cepeavHy cTopivdga 4o OyXe BUCOKOro
PiBHS Ha KiHELUb CTopiv4s 3a oboma
cueHapiamMu. AHanoriYHuM ao
LleHTpanbHOro perioHy po3noain 3arpos Big
noxexoHebesnevyHoi Norogn oTPUMaHo i Ha
cxogi. Tak oy»e BUCOKY 3arposy Ha KiHelb,
BUCOKY Ha cepefuHy CTopiyya i HA3bKY Y
NOTOYHMI NEePioa OTPMMAaHO 3a CLiEHapieM
BUCOKUX KOHUeHTpauih RCP 8.5, xoua ans
cLeHapito NoMipHMX KoHUeHTpauin RCP 4.5
OTPUMaHO BiACYTHICTb 3arpo3n y NOTOYHUIA
nepiod i Hagani cepeHin i BUCOKNA piBEHb
Ha cepeauHy i KiHelb CTOpIYYs BiANOBIOHO.
[na nokasHWKIB BITPY AM1S CXiAHOrO perioHy
OTPMMaHO NuLle HU3bKUKW pPiBEHb 3arpo3n y
NOTOYHMI NepioA Big NiaBULLEHHS
LWBMAKOCTI BiTPY Ans cueHapito RCP 4.5, a
ONs iHWKWX nepiodiB Ta cLeHapito 3arposu
BiACYTHI.

hazard of a decrease in snow cover for the
RCP 4.5 scenario remains at a medium
level throughout all considered periods.
Unlike the western and northern regions, in
the east, as well as in the center, a high
level of hazard from an increase in drought
at the beginning and end of the century and
medium in the middle for RCP 4.5 was
obtained. Instead, a high level of hazard
was obtained in the current period and by
the middle of the century with an increase
to very high by the end under the RCP 8.5
scenario. Droughts are directly related to
reduced precipitation, and in the east the
hazard level of this CID increases similarly
to the center from high (medium under RCP
8.5) in the current period and by
mid-century to very high by the end of the
century under both scenarios. A similar
distribution of hazards from fire-dangerous
weather to the central region was obtained
in the east. Thus, a very high hazard level
by the end, high by mid-century and low in
the current period was obtained under the
high-concentration scenario RCP 8.5,
although for the moderate-concentration
scenario RCP 4.5, no hazard was obtained
in the current period and further medium
and high levels by the middle and end of
the century, respectively. For wind CIDs for
the eastern region, only a low hazard level
was obtained in the current period from
increased wind speed for the RCP 4.5
scenario, and there are no hazards for other
periods and scenarios.

West

North
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Puc.15. MakcumarbHi No KaTteropisix ta
CyMapHi piBHi 3arpo3 no perioHax,
cueHapiax i nepiogax go kiHus XXI cT.
BigHOCHO nepiogy 1991-2010

Fig. 15. Maximum by categories and
summarized hazard levels by regions,
scenarios and periods by the end of the
21st century over period 1991-2010

[MiBoeHb | South




Cepeq po3rngaHyTUX NiBOEHHUIA perioH Mae
HanBULLi CymMapHi MakcumarbHi 3arposu,
npw UbOMY SIK Ha CXOAi i NiBHOYI (a TakoX
HaCTyMNHWUX perioHax) came Ans cLueHapito
BUCOKUX KOHLeHTpauin RCP 8.5 otpumaHo
HanHWX4Ye NpocyMoBaHe 3HayeHHs (55%) y
NOTOYHMI NepioA, ToAi SIK 3a cueHapiem
RCP 4.5 cymapHe 3Ha4YeHHs 3arposu y uen
nepion 3Ha4Ho OinbLue i cknagae 62,5%
(pnc.15). Lle 3Ha4YeHHs1 4eLL0 3HMKYETLCS
0o 60% Ha cepeanHy cTopivyg i3
3pocTaHHAM 00 65% Ha KiHeub cTopivys 3a
LMM CLieHapieM NOMIPHUX KOHUEHTpauin. Ak
i B iHWKX perioHax, cymapHe 3Ha4YeHHs
3arpo3 gOocuTh LWBMAKO 3pOoCcTae 3a
cueHapiem RCP 8.5 ocobnueo o cepeauHu
CTONITTH, KONW BoHO cTaHoBUTb 70%, i oo
KiHUS cTopivda carae 77,5%, konm 6 i3 10
3arpo3 Ha piBHiI Ay>Xe BUCOKWI, a iHLWi Ha
AELLO HWKYOMY: ABi, LLIO CTOCYHTbCS
30iNbLUEHHSA eKCTpeManbHOCTI CHironaais
(BUCOKWI piBEHBb) | 3MEHLLEHHS CHIrOBOrO
noKpuBy (cepefHin), i Wwe ABi Ha HN3bKOMY
PiBHi, sIKi NOB’s13aHi i3 36iNbLUEHHSAM
LUBNOKOCTI BITPY Ta MOro nopmsis.

Y niBaeHHOMY perioHi ABi 3arpoau
Bnpogosx XXI cT. Anga ycix nepiogis Ta
000X cueHapiiB 3anmwaTbCs Ha gyxe
BMcokomy piBHi (10 6anie Ha puc.15):
30iNbLUEHHSA eKCTpeManbHMNX onagis, siKi
MOXYTb CIPUYMHATU CUMbHI 3NUBW i SOLLOBI
naBoakKu, i 36inbweHHa nocyx. KombiHauis
LUMX OBOX 3arpo3 MOXe CpUYnHUTA
KackagHi puankun, ocobnmeo Ansa Takux
CEKTOpPIiB EKOHOMIKM SIK CiflbCbKe Ta flicoBe
rocnogapcTea, 6iopisHOMaHITTS, Byaisni,
ynpaBniHHA pU3MKaMmn CTUXINHUX NNX TOLLLO.
3arposu nigBuLLIEHHS cepeaHboi
TemnepaTypu MoBITPS Ta CNeKn CXOXi 40
OTPUMaHMX Y LieHTpanbHOMY PErioHi i ayxe
BMCOKI NMLLIE Ha KiHELb CTOPIYYA 3a
cueHapiem RCP 8.5. B nonepeaHi nepiogu
3arposa niaBuLLEHHS CNEeKn BUCOKa A
obox cueHapii, a 4nga cepeaHbol
Temneparypu noBiTps 3arpo3a cepeaHs Ans
cueHapito RCP 4.5 go cepeanHu cTopivys i
ana RCP 8.5 nuwe y noTouHUn nepiog, i3

Among the regions considered, the
southern region has the highest total
maximum level of hazard, while in both the
east and north (and regions after
consudered) it is for the high concentration
scenario RCP 8.5 that the lowest summed
value (55%) is obtained in the current
period, while under the RCP 4.5 scenario
the total hazard value in this period is
significantly higher and is 62.5% (Fig. 15).
This value decreases slightly to 60% by
mid-century with an increase to 65% by the
end of the century under this moderate
concentration scenario. As in other regions,
the total value of hazards increases quite
rapidly under the RCP 8.5 scenario,
especially by mid-century, when it is 70%,
and by the end of the century it reaches
77.5%, when 6 out of 10 hazards are at a
very high level, and the others are at a
slightly lower level: two related to an
increase in the extremes of snowfall (high
level) and a decrease in snow cover
(medium), and two more at a low level,
which are associated with an increase in
wind speed and gusts.

In the southern region, two hazards during
the 21st century for all periods and both
scenarios remain at a very high level (10
points in Fig. 15): an increase in extreme
precipitation, which can cause heavy rains
and flash floods, and an increase in
droughts. The combination of these two
hazards can cause cascading risks,
especially for such sectors of the economy
as agriculture and forestry, biodiversity,
buildings, disaster risk management, etc.
The hazards of increasing mean air
temperature and heat are similar to those
obtained in the central region and are very
high only by the end of the century under
the RCP 8.5 scenario. In previous periods,
the hazard of increasing heat is high for
both scenarios, and for mean air
temperature the gazard is medium for the
RCP 4.5 scenario until mid-century and for
RCP 8.5 only in the current period with an




36inbLUEHHAM 0O BUCOKOI Ha cepeanHy
CTOpiYYs. 3HAYHMI BHECOK Yy 3arasbHy
3arpoay B niBOeHHOMY perioHi BHOCATb
YMHHUKM, LLIO NOB’A3aHi i3 3MEeHLLIEeHHAM
3BONOXEHHSA Ans1 060X cueHapiis. Pasom i3
TMM Ha NiBAHI Ha cepeauHy CTopivYs Ang
RCP 4.5 oTpMMaHO TakoX Ay>e BUCOKMNM
piBeHb 3arpo3u Big 30iNblIEeHHS OHIB i3
cHironagamu noHag 10 MM i BUCOKi 3arposu
B iHLWIi nepioawn. | cxoxe Oo iHWKX 3a
BUKITHOMEHHSIM CXiAHOro perioHiB 3a
cueHapiem RCP 8.5 3arposa 36inbLueHHs
LbOro YMHHUKA A0 cepeanHun CTopivys
3anuLaeTbCsl Ha BUCOKOMY PiBHI, a Ha
KiHeLb CTae cepedHbO BOYEBMAb Yepes
niaBULLEHHA Temnepatypu. Ane pasom i3
TMM 3a UMM CLEHapieM OTPUMaHO
HapacTaHHSA 3arpo3n 3MEHLLEHHSI CHIFOBOIO
MOKPWBY | OnaAiB y BUNSAAi CHiry Bif
HW3bLKOro Y NOTOYHUI nepiog, 4o
cepeaHbOro Ha cepeauHy i BUCOKOrO piBHS
A0 KiHUS cTopivdd. 3arpo3a 3MeHLIEHHS
CHiroBoro nokpuey ang cueHapito RCP 4.5
3annwaeTbCa Ha cepeaHbOMY PiBHI
BMPOJOBX YCiX PO3rNsiHYTUX NepioaiB SK i
Ha cxogi. OTpMMaHa ayxe BMCOKa 3arposa
Big nocyxu 6e3nocepeaHbO NoB’A3aHa He
TifTbKK i3 3MEHLLEHHSIM CHIFrOBOrO MOKPUBY,
ane i3 3MeHLIEeHHAM KinbkocTi onagis. | Ha
NiBAHI piBEHb 3arpo3n LbOoro YNHHUKA TakoxX
AyXe BUCOKUI ON1s ABOX NepioaiB i3 TPbOX
Ansa o6ox cueHapiis. Jlnwe y noTouHmn
nepiog BiH Bucokmn gnd RCP 8.5 i Ha
cepeavHy CTopivdg cepefHin 3a cueHapiem
RCP 4.5. lNocyxu i 3BMeHLIEHHA onagie Ta
CHIroBOro NMoKpvBy Ha niBgHi BOYEBMAb
cnpusATb 30iNbLUEHHIO 3arpos Big
noxexoHebesnevHoi norogu, siKi 3pocTarnTb
Bif, HU3bKOT y NOTOYHMI Nepiog Ans 060x
cueHapiiB 4O BMCOKOI | Ay»Ke BUCOKOT Ha
cepeaviHy i KiHeLb CTOpiYYA 3a cLueHapiem
BUCOKMX KoHUeHTpauin RCP 8.5, xoua ans
CLeHapito NoMipHMX KoHUeHTpauin RCP 4.5
OTPMMaHO AeLLO HUXKYi 3arpo3un: cepenHin i
BUCOKUI piBEHb Ha cepeanHy i KiHeub
CTOpiyY4a BigNOBIAHO. Y NiBAEHHOMY PErioHi
A58 NOKa3HWKIB BITPY OTPMMaHO Xo4a i

increase to high by mid-century. A
significant contribution to the overall hazard
level in the southern region is made by
drivers associated with a decrease in
moisture for both scenarios. At the same
time, in the south by mid-century for RCP
4.5, very high level of hazard from an
increase in days with snowfall over 10 mm
and high level in other periods are also
obtained. And similar to other regions, with
the exception of the eastern region, under
the RCP 8.5 scenario, the hazard of
increasing this CID by mid-century remains
at a high level, and by the end becomes
medium, apparently due to an increase in
air temperature. However, this scenario also
results in an increase in the hazard of
reduced snow cover and precipitation from
low in the current period to medium in the
middle and high by the end of the century.
The hazard of reduced snow cover for the
RCP 4.5 scenario remains at a medium
level throughout all considered periods, as
in the east. The resulting very high hazard
from drought is directly related not only to
reduced snow cover, but also to reduced
precipitation. And in the south, the hazard
level of this CID is also very high for two
periods out of three for both scenarios. Only
in the current period it is high for RCP 8.5
and medium for the middle of the century
under the RCP 4.5 scenario. Droughts and
reduced precipitation and snow cover in the
south clearly contribute to increased
hazards from fire-dangerous weather, which
increase from low in the current period for
both scenarios to high and very high by the
middle and end of the century under the
high-concentration scenario RCP 8.5,
although slightly lower hazards were
obtained for the moderate-concentration
scenario RCP 4.5: medium and high levels
by the middle and end of the century,
respectively. In the southern region,
although a low hazard level was obtained
for wind CIDs, it was obtained in almost all
periods and for both drivers, when in total




HU3bKMI piBEHb 3arposu, ane mMamxke Yy BCi
nepiogu i 4ns 060X YNHHUKIB, KOMN Y CyMi
BOHM BHOCATb 0 5% Yy 3aranbHy 3arposy y
perioHi. BouyeBnapb, HasBHICTb 3arpo3u Big
36inbLUEHHS WBWOKOCTI Ta NOPUBIB BITPY
CBig4nNTb NPO GNU3bKICTb A0 MOPIB, A€ Ui
BiTPM CTalOTb CUMbHILUMMW i3 3MIHOIO
knimaty. Jluwe Ha KiHeub cTOpivYa Ang
cueHapito RCP 4.5 3arposu nigKBULLIEHHS
LIBNOKOCTI BITPY BiACYTHI.

they contribute up to 5% to the total hazard
in the region. Obviously, the presence of a
hazard from increased wind speed and
gusts indicates proximity to the seas, where
these winds become stronger with climate
change. Only by the end of the century for
the RCP 4.5 scenario there are no hazards
of increased wind speed.

MpubepexHuin| Coastal

Cepef po3rnaHyTUX perioHiB ons
NpnbepexxHOi 30HN BUKOPUCTOBYBAIM TPOXM
MoandikoBaHi MeToaoMOoriYHI nigxoau,
OCKISNIbKM A1 Y3ropKEHHS OLHKM 3 iHLLIMMN
reorpadiyHMMKM perioHamu KinbKiCcTb
KaTeropi YUHHWKIB KNiMaTtu4yHOro BNivBy
marna 6yTn ogHakoBow. ToMy ANs LbOro
perioHy 6ynu o6’eqHaHi ABa YMHHUKM ON1s
BITPY B OOHY i ABa NpUOEPEXHNX YNHHUKIB
TaKOX B OHY LUJIAXOM BU3HAYEHHS
MaKCuUMarnbHOI 3arpo3n He TiNnbku 3a
TEepUTOpIEID perioHy, ane i cepea nap
YMHHUKIB. O4yeBMOHO, WO came ans Liei
nNpnbepexxHOi 30HN MaKkcumarnbHa 3arpo3a
Bif 30iNbLUEHHA NPUBEPEKHNX YUNHHUKIB
(piBHS MOpPSI | HAFOHHWX XBUIb) B YCi
nepioan 6yge aoyxe sucokoto (10 6anis Ha
puc.15). Y uinomy ans cueHapito RCP 4.5
CyMapHe 3Ha4yeHHs 3arposu B yci nepioan
cknagae 70%, 3 AKnX OKpiM NpnbepexHux B
yCi nepioan BUCOKi piBHI 3arpo3s Bif
30iNbLLUEHHS eKCTpeManbHMUX onaais, sKi
MOXYTb CIIPUYNHATN CUSbHI 3NMBU | AOLLOBI
naBofKY, i 36iNbLIEHHS NOCYX, Tak caMo, sK
i y cycigHbOMY niBOEeHHOMY perioHi, Ans
SIKOro 3as3Havanocs, Wwo KoMbiHauis Hapaasi
BXe TPbOX AyXXe BMCOKMX 3arpo3 Moxe
CMPUYUHUTU KacKagHi pusnkm, ocobnueo
AnNsl TAKNX CEKTOPIB €KOHOMIKM SIK CiNbCbke
Ta nicoBe rocnogapcTea, 6iopi3HOMaHITTS,
Oyaisni, ynpaeniHHA pu3nkamm CTUXIMHNX

Among the considered region coastal zone
has a bit modified methodological
approach, since in order to unify the
assessment with other geographical
regions, the number of categories of
climatic impact drivers had to be the same.
Therefore, for this region, two CIDs for wind
were combined into one and two CIDs of
coastal were also combined into one by
determining the maximum hazard not only
by the territory of the region, but also
among pairs of drivers. It is obvious that for
this coastal zone the maximum hazard from
an increase in coastal factors (sea level and
surge waves) in all periods will be very high
(10 points in Fig. 15). In general, for the
RCP 4.5 scenario, the total hazard value in
all periods is 70%, of which, except for the
coastal inputs, in all periods there are high
levels of hazards from increased extreme
precipitation, which can cause heavy rains
and flash floods, and increased droughts,
as well as in the neighboring southern
region, for which it was noted that the
combination of this three very high level
hazards can cause cascading risks,
especially for such economic sectors as
agriculture and forestry, biodiversity,
buildings, disaster risk management, etc.
As in other regions, among the considered
estimates, the lowest summed hazard level




NuX ToLwo. AK i B iHWIKX perioHax cepen
PO3rASHYTUX OLIHOK HaMHWMKYe
NpOCyMOBaHe 3Ha4YeHHs PiBHS 3arposn y
NOTOYHMI Nepioa OTPUMAHO Ansl cueHapito
BUCOKUX KOHLUeHTpauin RCP 8.5, ane BoHO
Ma€e BULLIe 3HaYeHHs (62,5%) HiX B iHWINX
perioHax. AK i B iHLWKX perioHax, cyMapHe
3HaJeHHs 3arpo3 4OCUTh LWBKUAKO 3pOocTae
3a cueHapiem RCP 8.5 ocobnueo go
cepeauHn CTOMITTS, KONy BOHO
nigsuwyeTbea 0o 82,5%, i 0o KiHug
cTopivysa carae makcumanbHux 85%, konu 7
i3 10 3arpo3 Ha piBHi Ay>k€ BUCOKMI, a iHLUi
Ha AeLo HMXKYOMY: BUCOKUI piBEHb 3arposu
y 36inbLUEHHs1 eKCTpeMarnbHOCTI onagis,
ane HU3bKN Onsg NoOMipHUX cHironagis, i
CcepeaHin piBeHb 3arpo3u Big 30iNbLLIEHHS
LLUBWAKOCTI BITPY Ta MOro NopuBiB.

3arposu nigBuLLEHHN cepeaHbol
Temneparypu NoBITPs Ta crnekun GinbLwi 3a
OTPUMaHIi y iIHLWNX perioHax, OCKINbKU gyxe
BWCOKI piBHI OTPUMaHI He nuLle Ha KiHeub
cTopivysa 3a cueHapiem RCP 8.5, ane 1
crneka Mae MakcumarbHy 3arposy y Luew
nepio i 3a iHWKWM cLeHapieMm, i 3a LM
CLieHapieM NOYUHAETLCS 3 cepeanHn
cTopivy4. B iHWi nepiogun 3arposa
NigBULLEEHHS CMeKn BUCOKa Ans 060X
cueHapii, a Ansa cepeHbLOT TemnepaTypu
NoBITPS 3arpo3a cepeaHs y NOTOYHUN
nepiog i BUCOKa Ha cepeauHy cTopivysa ons
000x cueHapiiB, 3anMWLAETLCA BUCOKOI 3a
RCP 4.5 i nigBmwyeTbCca 0O Oy>Ke BUCOKOI
anst RCP 8.5 0o kiHusa ctopivda. 3Ha4vyHui
BHECOK y CyMapHy 3arpo3y B NpubepexHin
30Hi BHOCATb YMHHUKW, LLIO MOB’A3aHi i3
3MEHLLEHHAM 3BOSTOXEHHS Ansa 060X
cLeHapiiB, a came KiflbkOoCTi onagis, y TOMy
4Yncrni y BUrNAAi CHIiry Ta CHIroBOro nokpuBey.
Tak 3a o6oMa cueHapisiMn OTpMMaHo
HapacTaHHSA 3arpo3n 3MEHLLEHHS CHIFOBOIO
MOKPWBY | ONaAiB y BUMSAAi CHiry Bif
HW3bLKOro Y NOTOYHUI nepiog 4o
cepeaHbOoro Ha cepeauHy cTopidys.
3arpos3a 3MeHLUEHHS CHIroBOro NOKpuBY A0
KiHUSA CTOpivYA 3anuLIaeTbCa Ha
cepeaHbOMY piBHI Ans cueHapito RCP 4.5,

value in the current period was obtained for
the high concentration scenario RCP 8.5,
but it has a higher value (62.5%) over other
regions. As in other regions, the total value
of hazards increases quite rapidly under the
RCP 8.5 scenario, especially by
mid-century, when it jump up to 82.5%, and
by the end of the century reaches a
maximum of 85%, when 7 out of 10
categories of hazards are at a very high
level, and the others are at a slightly lower
level: a high level of hazard is from
increased precipitation extremes, but low
from moderate snowfall, and a medium
level of hazard from increased wind speed
and gusts. The hazards of increased mean
air temperature and heat are greater than
those obtained in other regions, since very
high levels are obtained not only by the end
of the century under the RCP 8.5 scenario,
but heat also has a maximum very high
hazard level in this period but under another
scenario RCP 4.5, and under this scenario
RCP 8.5 but for mid-century. In other
periods, the hazard of increased heat is
high for both scenarios, and for mean air
temperature, the level of hazard is medium
in the current period and high by
mid-century for both scenarios, remains
high for RCP 4.5 and increases to very high
for RCP 8.5 by the end of the century. A
significant contribution to the total hazard in
the coastal zone is made by drivers
associated with a decrease in moisture for
both scenarios, namely the amount of mean
precipitation, including in the form of snow
and snow cover. Thus, for both scenarios,
an increase in the hazard of a decrease in
show cover and precipitation in the form of
snow from low in the current period to
medium by mid-century was obtained. The
hazard of a decrease in snow cover by the
end of the century remains at a medium
level for the RCP 4.5 scenario, and reaches
very high for the RCP 8.5 scenario.
Droughts and reduced precipitation and
snow cover in coastal areas clearly




a 3a cueHapiem RCP 8.5 cdrae gyxe
BUCOKOro. Nocyxu i 3BMeHLLeHHS onaais Ta
CHIrOBOro MOKPMBY Ha NPUGEpPEHNX
TEPUTOPISIX BOYEBMAb CMPUSAIOTH
36inbLUEHHI0 3arpo3 Big,
noxexoHebesne4yHoi noroau, siki 3pocTarnTb
B[, HM3bKOT y NOTOYHMI Nepiog anst 06ox
cLeHapiiB 40 BUCOKOI i Ay»Xe BUCOKOI Ha
cepeavHy i KiHelb CTOpivYA 3a cueHapiem
BUCOKMUX KOHUeHTpauin RCP 8.5, xoua gns
cLeHapito NoMipHMx KoHueHTpauin RCP 4.5
OTPUMaHO cepefHii piBeHb Ha cepeauHy i
KiHeub cTopiv4s. Pasom i3 Tm Ha
y30epexokax oTpMMaHo BUCOKI 3arposu Big
36inbLUeHHsa OHIB i3 cHironagamu noHaa 10
MM Ha NOTOYHWI Nepioa i cepeanHy, ane
HU3bKMI Ha KiHeub cTopivysa ans RCP 8.5
Yyepes BOYEBUAb 3HA4YHE NoTensiHHA. 3a
cueHapiem RCP 4.5 3arpo3a 36inbLueHHs
LbOro YMHHUKa Ma€e BUCOKMI pPiBEHb Ha
cepeavHy CTopiyys i cepefHin B iHWI ABa
nepiogn. Ana npnbepexHoi 30HM OTpUMaHI
HanbinbLwi 3arpoau Big 30iNbLIEHHS
NoKasHWKIB BITpYy. BUCOKUI piBeHb 3arpo3u
OTPMMaHO Ha cepeanHy , cepeaHin Ha
KiHELlb CTOPIYYS | HU3bKUIA Y MOTOYHUNA
nepion ana cueHapito RCP 8.5. 3a
cueHapiem RCP 4.5 y notouHun nepioq
3arposa niaBuLLEHHS LWBUAKOCTI BITPY i
MOPMBIB TaKOX BMCOKA, are 3MeHLLYETbCH
00 HU3bKOI Ha CepeanHy i 3HMKAE Ha KiHeLb
cTopivya.

contribute to increased fire-dangerous
weather hazards, which increase from low
in the current period for both scenarios to
high and very high by the middle and end of
the century under the high-concentration
RCP 8.5 scenario, although the
moderate-concentration RCP 4.5 scenario
results in a medium level for the middle and
end of the century. At the same time, high
hazards are obtained for the coasts from an
increase in days with snowfalls exceeding
10 mm for the current period and
mid-century, but low by the end of the
century for RCP 8.5 due to apparently
significant warming. Under the RCP 4.5
scenario, the hazard of an increase in this
CID is high by the middle of the century and
medium in the other two periods. For the
coastal zone, the greatest hazards are
obtained from increased wind indicators.
High hazard level is obtained for the middle,
medium for the end of the century and low
in the current period for the RCP 8.5
scenario. Under the RCP 4.5 scenario, the
hazard of increasing wind speed and gusts
in the current period is also high, but
decreases to low in the middle and
disappears by the end of the century.

Kpumcbki ropu| Crimean Mountains

Perion Kpumcbkux rip 6esnocepeqHbo
npunsarae o npubepexxHoi 30HU Ha
nisaeHHomy 6epesi Kpumy, BiH HANMEHLLNI
i3 PO3rMAHYTUX | BMILLYE NuLwie 22 By3nu
koopaumHaTtHol ciTkm PKM, BucoTa sikux
OinbLwe 3a 400 m Hag piBHEM MOPSI.

Ha BigMiHy Bif 6inbLUIOCTi BXXe pO3rnsaHyTUX
perioHiB HarHWx4Ye NPOCYMOBaHE 3HA4YEeHHS
piBHs 3arpo3un (40%) oTpumaHo ans

The Crimean Mountains region is directly
adjacent to the coastal zone on the
southern coast of Crimea, it is the smallest
of the considered regions and contains only
22 RCM grid nodes, the height of which is
more than 400 m above sea level. Unlike
most of the regions already considered, the
lowest summed hazard level value (40%) is
obtained for the RCP 4.5 scenario for the




cueHapito RCP 4.5 Ha cepeguHy cTOpivys
(pnc.15). Lle 3Ha4eHHs1 HalHK4e cepeq
YCiX perioHiB, nepiogis Ta cueHapiiB i
CKMNagaeTbCs 3 y>Ke BUCOKOI 3arposu
30iNbLUEHHSA ekCcTpeManbHMX onagis Ta 3
cepefHix piBHIB 3arpo3 Angd 6 Kkateropin:
NiABULLIEHHA cepeaHbol TeMmnepaTypu
NOBITPS | CNEKN, NOCYX i
noxexoHebesneyHoi noroam Ta 060x
YMHHUKIB TUMNY CHIr. Y NOTOYHWUIA nepioa
OTpUMaHO OAHaKOoBI cyMapHi 3arposu 45%
ans obox cueHapiie, Npy LboMy ans ob6ox
CLeHapiiB 3annLaeTbCa gyXXe BUCOKOIO
3arpo3a 36inbLlIEeHHSA ekcTpeMarnbHUX
onagis, cepefHi 3arpo3u nigBuULLEHHS
cepeaHbol TemnepaTypu NoBITPS i cneku,
MOCYX Ta 3MEHLLEHHSI CHIFOBOrO NMOKPUBY,
3'ABNAETHCA CepenHs 3arpo3a 3MEHLLEHHS
onagie i HU3bKa Bif 36iNbLUEHHS MOPUBIB
BiTPY, a pi3HMLSA CLeHapiiB nondarae y
BUCOKIl 3arpo3i 36inbLUIeHHS NOMiIpHUX
CHironagis i BioCyTHOCTI 3arposu Big
noxexoHebesnevHoi norogun Ans cueHapito
RCP 4.5, y Toin Yac 9k anga cueHapito
BUCOKUX KOHLUeHTpauin RCP 8.5 unm
KaTeropisim BianoBigaTb cepeaHin Ta
HU3bKNI piBHI 3arpo3. AK i B iHLWINX
perioHax, CymapHe 3Ha4YeHHs 3arpos
AOCUTb LLIBMAKO 3pocTae 3a cueHapiem RCP
8.5 ocobnmBo g0 cepeauHn CTONMITTS, KOMK
BOHO nigBuLLyeTbecs Ao 65% 3a paxyHoK
TOrO, WO cepefHi piBHI 3arpo3 YNHHUKIB Y
nonepenHbOMY nepiogi 3poctatoTb 40
BMCOKOrO piBH4, a AN NopuBiB BITPY 00
cepenHboro, Ha cepegHbOMY PiBHI
3anuwaeTbeca 3arpo3a 306inbLUeHHs
nomipHKX cHironagis. Ha cepeaunny
CTOpiyYAa cymapHa 3arposa 3a cueHapiem
BUCOKMX KOoHUeHTpauin RCP 8.5 mae
HanbinbLle NepeBULLIEHHS HAL CLEHapieM
noMipHUX KoHueHTpauin RCP 4.5 (Ha 25%)
cepen ycix nepioais Ta perioHis. [o KiHUA
CTOpiyYAa cymapHa 3arposa 3a cueHapiem
RCP 8.5 carae makcumansHux y KpumMcbkux
ropax 72,5%, konu 7 i3 10 3arpo3 Ha piBHi
Oy>XXe BUCOKUI | 00aETbCA HU3bKUWN pPiBEHb
3arposu Big 36inbLIeHHsA NopuBiB BITPY. Y

middle of the century (Fig.15). This value is
the lowest among all regions, periods and
scenarios and consists of a very high
hazard level of an increase in extreme
precipitation and medium hazard levels for
6 categories: an increase in mean air
temperature and heat, droughts and
fire-dangerous weather, and both snow-type
drivers. In the current period, the same total
hazards of 45% were obtained for both
scenarios, while for both scenarios the
hazard of increasing extreme precipitation
remains very high, the hazards of
increasing mean air temperature and heat,
droughts and decreasing snow cover
remain medium. There is a medium hazard
of decreasing precipitation and a low
hazard level of increasing wind gusts, and
the difference between the scenarios is in
the high hazard of increasing moderate
snowfall and the absence of a hazard of
fire-dangerous weather for the RCP 4.5
scenario, while for the high-concentration
scenario RCP 8.5 these categories
correspond to medium and low hazard
levels. As in other regions, the total hazard
value increases quite rapidly under the RCP
8.5 scenario, especially by the middle of the
century, when it reaches up to 65% due to
the fact that the medium hazard levels of
CIDs in the previous period increase to a
high level, and for wind gusts to medium,
the hazard of increasing moderate snowfall
remains at a medium level. By mid-century,
the total hazard under the
high-concentration scenario RCP 8.5 has
the largest excess over the
moderate-concentration scenario RCP 4.5
(by 25%) among all periods and regions. By
the end of the century, the total hazard
under the RCP 8.5 scenario reaches a
maximum in the Crimean Mountains of
72.5%, when 7 out of 10 hazard categories
are at the very high level and a low level of
hazard from increased wind gusts is added.
At the same time, for the RCP 4.5 scenario,
a total hazard of 57.5% was obtained,




Len xe 4ac agns cueHapito RCP 4.5
OTPMMaHO CymapHy 3arpo3y Ha piBHi 57,5%,
sIKa HaNHWXYa cepen, YCix perioHiB 3a
BUKITIOMEHHAM 3axigHoro 3 KapnaTtamu, i
CcKNnagaeTbca Mamxe i3 TMxX cammx 7
KaTeropin 3arpos, Lo 1 ans iHworo
CueHapid, ane BMCOKOro piBHSA, nuile
noxexoHebesneyHa noroga 3anuaeTbes
Ha cepeHbOMY piBHi SK i HA cepeanHy
cTopivys, ane 3arposa 306inbLIEHHSs
NOMipHMX cHironagiB y KpMMcbKux ropax Ha
KiHEeLb CTOPIYYS 3annLLIAETbLCS BUCOKOLO Ha
BiAMIiHY Bif cLeHapito 6inbLoro noTenniHHA
RCP 8.5.

which is the lowest among all regions
except the western region including
Carpathians, and consists of almost the
same 7 hazard categories as for the other
scenario, but of a high level, only
fire-dangerous weather remains at the
medium level as for mid-century, but the
hazard level of increased moderate snowfall
in the Crimean Mountains by the end of the
century remains high, unlike the scenario of
greater warming RCP 8.5.

Kapnatcbki ropu| Carpathian Mountains

PerioH KapnaTtcbkux rip 3HaxoguTbCs
nocepeauHi 3axigHoro perioHy, ane mae
BUCOTY HaA piBHeM Mops noHapg 400
METPIB, i Ha NOro TepUTOpIT 3HaXoaATbCA
252 Byanu citkn PKM. OTpumaHi cymapHi
3arpo3mn MaroTb ManeHbkuii po3kng Big 50%
0o 55% 3a cueHapiemM NoMipHUX
KoHueHTpauin RCP 4.5, y Tor yac sk 3a
cLieHapieM BUCOKMX KoHUeHTpauin RCP 8.5
OTPMMaHO PO3KMA Big MiHiMarbHOro
3HaYeHHs Y Ui 30Hi Y NOTOYHWI nepio
47,5% no 75% Ha KiHeub cTopiv4s. Take
HanHWX4Ye A5 LbOro PerioHy 3Ha4yeHHs y
noto4Hmn nepioa 2021-2040 3a cueHapiem
RCP 8.5 oTprMmaHo 3a paxyHOK BiCyTHOCTI
3arpoa3 Big 30iNbLlIEeHHs WBUAOKOCTI Ta
nopwmeiB BIiTpY, Aki Ans cueHapito RCP 4.5
CTaHOBNATb Bi4MOBIOHO cepenHiNn i HN3bKNI
piBeHb 3arpo3n. BoHM KOMMNEHCYOTb MEHLUI
3arpo3u cepeaHbOoro i HU3bKOro PiBHA ANs
CMEKM i NOCYXMN NOPIBHSHO i3 BUCOKUM i
cepegHim piBHEM 3arpo3u BignoBigHO Ans
cueHapito RCP 8.5 y notouHun nepiog. Ha
cepeavHy cTopiyvys piBHi 3arpo3 060x
cueHapiiB ogHakoBi (55%), ane pisHuUi Mix
cueHapieM NOMIPHUX i BUCOKMNX
KOHLEHTpaLin Y BUCOKIN NpoTU Ayxe
BMCOKOI 3arpo3un 36ibLIEHHST MOMiPHUX

The Carpathian Mountains region is located
inside of the western region, but has an
altitude of over 400 meters above sea level,
and there are 252 RCM grid nodes on its
territory. The resulting total hazards have a
small spread from 50% to 55% under the
moderate concentration scenario RCP 4.5,
while under the high concentration scenario
RCP 8.5, a spread from the minimum value
in this zone in the current period of 47.5%
to 75% by the end of the century was
obtained. This lowest value for this region in
the current period 2021-2040 under the
RCP 8.5 scenario is obtained due to the
absence of hazards from increased wind
speed and gusts, which for the RCP 4.5
scenario constitute a medium and low level
of hazard, respectively. They compensate
for the lower medium and low-level hazards
for heat and drought compared to the high
and medium level of hazards, respectively,
for the RCP 8.5 scenario in the current
period. By mid-century, the hazards for both
scenarios are the same (55%), but the
differences between the moderate and
high-concentration scenarios in the high
versus very high hazard of increased
moderate snowfall and the medium hazard




CHironagis i cepegHbOI 3arpo3mn
NigBULLEHHS WBKAKOCTI BiTPY 3a RCP 4.5
NPOTU HMU3LKOIO PiBHA 3arpo3n Big
36inbLweHHsa nopwusis BiTpy 3a RCP 8.5. [lo
KiHUSA cTopivya 3a cueHapiem RCP 4.5
CymMapHa 3arposa 3anuLiaetbCcsl Ha TOMY
camMOMy piBHi, LLIO i BNonepeaHin nepiog
(55%), ane 3amMeHLWYeTbCSA A0 HU3BKOT
3arposa niaBuLLIEHHSA cepeaHbOl LWBUOKOCTI
BiTPY NpoTe 3pocTae A0 AyXKe BMCOKOI
3arpo3a 36inbLIEeHHSA NOMIPHUX CHironagis.
Ha kiHeub cTopivys 3a cueHapiem RCP 8.5
piBEHb CyMapHOi 3arpoau csrae 75%, i BOHa
CKITafaeTbCA 3 YCiX KaTeropivi YAHHUKIB
KNiMaTM4yHOro BMMBY, 3 SKUX M'SATb MaloTb
Ay>Xe BUCOKMI piBeHb 3arpo3u (36inbLUeHHSs
cepenHbOl TeMnepaTypu NOBITPS | Cneku,
eKkcTpeManbHMx onagis,
noXkexxoHebe3ne4yHoi Noroan i 3MeHLUEeHHS
CHIroBOro nokpmey), 36inbLUEHHSA NOPUBIB
BiTPY Ma€e BUCOKUI piBEHb 3arposu,
3MEHLLEHHS KiNbKOCTi onaaiB i 30iNbLLEHHS
NoCyxu i AHIB 3 NOMiPHMMU CHironagamu
MaloTb cepefHin piBeHb 3arpo3n, HU3bKUN
piBEHb OTPMMaHO i ANa NigBULLEHHS
LWBMAKOCTI BITPY. Y Uinomy gnsg
Kapnatcbkux rip y BCi nepiogm 3a oboma
cLeHapisiMm 30epiraeTbCs AyXe BUCOKUI
piBEHb 3arpo3n 30iNbLUEHHS
eKCTpeMarnbHMX onagis, WO MOXe
npuU3BoaAMTM OO0 AOLLIOBUX NaBOOKIB.
3arposa 30inbLUeHHS OHIB i3 MOMipHMMN
CHironagamu, siki MOXyTb BUKIakaTu
NaBWHK Ta iHWI Hebe3neyHi sBMLWa y ropax,
KOSNIMBAETLCA Bif OYyXXe BUCOKOT Y MOTOYHUN
nepiog 4nga o6ox cueHapiiB 4O BUCOKOI Ha
cepeavHy cTopivyg i3 nogansLimMm
30iNbLUEHHAM 3HOBY 4O AYXXE BMCOKOIro
piBHsa 3a RCP 4.5, i pnsa RCP 8.5 3arposa
3annLWaETbCA AyXXe BMCOKOK Ha cepeaunHy
CTOPIYYS | 3BMEHLUYETLCA A0 CepeaHbOi Ha
KiHELb CTOpiYYs BOYEBMAb Yepes 3Ha4He
NoTENSIiIHHA 3a UMM CLUeHapieM, sike csrae
PiBHSA OyXXe BUCOKOro Afs TemnepaTypHUX
YMHHMKIB. TaKOX 3MEHLUEHHS CHIroOBOro
noKpuBy Ansa 060X cueHapiiB 3 BUCOKOro
PiBHSA Yy NOTOMHUI Nepiof, 3pocTae o ayxe

level of increased wind speed under RCP
4.5 versus low hazard of increased wind
gusts under RCP 8.5. By the end of the
century, under the RCP 4.5 scenario, the
total hazard remains at the same level as in
the previous period (565%), but decreases to
a low hazard of increased mean wind speed
but increases to a very high hazard of
increased moderate snowfall. By the end of
the century, under the RCP 8.5 scenario,
the level of total hazard reaches 75%, and it
consists of all categories of climatic impact
drivers, of which five have a very high level
of hazard (increase in mean air temperature
and heat, extreme precipitation,
fire-dangerous weather and decrease in
snow cover), an increase in wind gusts has
a high level of hazard, a decrease in
precipitation and an increase in drought and
days with moderate snowfall have a
medium level of hazard, and a low level is
also obtained for increasing wind speed. In
general, for the Carpathian Mountains in all
periods under both scenarios, a very high
level of hazard from an increase in extreme
precipitation remains, which can lead to
flash floods. The hazard of increasing days
with moderate snowfall, which can trigger
avalanches and other dangerous
phenomena in the mountains, ranges from
very high in the current period for both
scenarios to high by mid-century with a
further increase again to very high under
RCP 4.5, and for RCP 8.5 the hazard level
remains very high by mid-century and
decreases to medium by the end of the
century, apparently due to the significant
warming under this scenario, which reaches
a level of very high for temperature CIDs.
Also, the decrease in snow cover for both
scenarios from high in the current period
increases to very high by the middle and
end of the century, which may also be an
impact of increased heat and air
temperature, the hazard level of which is at
a high level since mid-century under both
scenarios and in the current period for heat




BUCOKOrO Ha cepeauHy i KiHelb CTopivYs,
LLIO TAKOX MOXe ByTu BNAMBOM Bif
30iNbLUEHHA crekun | TemnepaTypu NoBiTps,
3arposa fKMx Ha BUCOKOMY PiBHi 3
cepeanHn CTopivysi 3a oboma cLeHapisiMu
y NOTOYHUIA Nepioa A Crekun 3a cLueHapiem
RCP 8.5. Xoua 3arpo3a 3MeHLUEHHS onagis
y Kapnatcbkux ropax ans obox cueHapiis
Ha HU3bKOMY PiBHi Y NOTOYHWIA Nepios,
BiICYTHA Ha cepeaunHy cTopivys i mae
cepeHin piBeHb Ha KiHeLb CTopivys 3a
RCP 8.5, ans 36inbLUeHHS NOCyXu
OTPUMaHO CepeaHin piBeHb 3arpo3u ang
yCix nepiofis i cueHapiiB 3a BUKNIOYEHHAM
NOTOYHOrO Nnepioay 3 HU3LKNUM pPIBHEM
3arposu ana RCP 4.5. 36inblieHHo
NOCYLUNMBOCTI SK i NOXeXXoHebe3nevHoCTi
MOXY CrpuATU 36inbLUEHHS LWBWUAKOCTI
BITPY, SIKe Mae cepefHin piBeHb 3arpo3n Ha
no4vaTtok i cepeanHy CTopiyys i3
3MEHLLEHHAM A0 HU3bKOrO PiBHA Ha KiHeLb
ctopivus 3a RCP 4.5. insa cueHapito RCP
8.5 xapakTepHo 36inbLUeHHS 3arpo3un
nopwmBiB BITPY Bif HU3LKOrO PiBHSA Ha
cepeguHy cTopivyst 40 BUCOKOrO Ha Noro
KiHeub, TOBTO 36iNbLIEHHS Y Linomy
eKCTpemManbHOCTi MOroAHMX YMOB Y
Kapnartcbkux ropax.

under RCP 8.5. Although the hazard level
from precipitation reduction in the
Carpathian Mountains for both scenarios is
low in the current period, absent by
mid-century and has a medium level by the
end of the century under RCP 8.5, for
increasing drought, a medium level of
hazard was obtained for all periods and
scenarios except for the current period with
a low level of hazard for RCP 4.5. The
increase in aridity as well as fire hazard can
be facilitated by an increase in wind speed,
which has a medium level of hazard at the
beginning and mid-century with a decrease
to a low level by the end of the century
under RCP 4.5. The RCP 8.5 scenario is
characterized by an increase in the hazard
level from wind gusts from a low level by
mid-century to a high level by its end, i.e. an
increase in the overall extremes of weather
conditions in the Carpathian Mountains.

PekomeHgaduii i HACTyMHI

KPOKM |

Recommendations and further steps

OTpuMaHi OUiHKN 3MiHN 32 YNHHWKIB
KnimaTtmn4yHoro BnnuBy 12 kateropin i3 5-tu
TUNIB (Crneka Ta Xornop, 3BOSNTIOKEHHS Ta
MOCYLUNMBICTb, CHIr, BiTep Ta NpnbepexHi)
0o KiHua XXI cTopivysa 3a cueHapismm
noMipHux (RCP 4.5) i Bucokux (RCP 8.5)
KOHLEHTpaUin Ta 06’egHaHMMN CLeHapisiMn
3arpo3 (RCP 4.5 & RCP 8.5) € nepwum
KPOKOM i OCHOBOO NofanbLUOi OLiHKK

The obtained estimates of changes in 32
climatic impact factors of 12 categories for 5
types (heat and cold, wet and dry, snow,
wind and coastal) by the end of the 21st
century under the scenarios of moderate
(RCP 4.5) and high (RCP 8.5)
concentrations and combined scenarios for
hazards (RCP 4.5 & RCP 8.5) are the first
step and the basis for further assessment of




pU3KKiB Ta Bpa3nMBOCTi EKOHOMIYHNX
CEKTOpIB Ta OKPEMUX TEPUTOPIN YKpaiHW.
Taki OLiHKM pU3KKIB | BpasnmMBOCTI
0060B'A3KOBO Mat0Tb BKNOYATU BU3HAYEHHS
YYTNMBOCTI CeKTopy abo 06’eKTY UM iHLIOrO
aKTUBY 0 3MiHW YMHHMKIB KIiMaTU4HOIo
BNAMBY. B 3anponoHoBaHin MeToguui cyma
BaroBux KoeiuieHTiB YyTNnBOCTI Mae
cknagatn 10 6anie. Toai BpasnuBICTb
aKTMBY 40 3MiHUM KniMaTy BU3HA4YaTUMETbCA
SIK cyma A00BYTKIB YyTNMBOCTi aKTuBY i
CTYNEHS BMANBY 3MiHM KNiMaTU4YHOrO
YMHHKUKa abo 3arposu (Big 0 go 1). [Ans
BM3HAYEHHA PU3UKY 3HAXOAUTbLCSA
MakcumarbHa 3arposa cepeq Ycix
cLeHapiiB AN KOXHOI kaTeropii
KNiMaTUYHUX YMHHKKIB, WO i NpeacTaBneHo
B LIbOMY IOKYMEHTI.

3anponoHoBaHWn MeTo[ y3aranbHEHHS B
perioHi piBHIB MakcUMarbHUX 3arpo3 yCix
TUNIB Ta KaTeropin € yHikanbHUM i MOXxe
OyTV mawTaboBaHUM SIK O IHLLMX PETiOHIB
Ta 30H B Mexax YkpaiHu (pivkosi bacenHwu,
3anoBiAHMKM Ta iHWK 06’E€KTM), TaK i B iHLLMX
KpaliHax 3a HasiBHOCTI AaHUX MPOEKLLin
YMHHUKIB KNiIMaTMYHOrIO BNMMBY 3a
cueHapiamun. BiH 0o3Bonse nerko NopiBHATH
Mi>X cOBOIO perioHn 3a CTyneHeM 3arposu,

a Takox cueHapil i nepiogw.

Taknm YMHOM, OTPUMaHI OLiHKKM | AaHi Npo
MaKcuMarbHi piBHI ANs KaTeropin 3arpos 3a
OKpeMUMM | 00’egHAHNMK cLeHapiaMmn ons
YKpainm OyayTb BUKOPUCTaHi y noganbLuin
OLiHUi BPa3nMBOCTEN Ta PU3UKIB Bid 3MiHN
KNiMaTUYHUX YNHHUKIB ONSA CEKTOpIB
€KOHOMIK/ Ta OKPEMMX 30H.

risks and vulnerability of economic sectors
and individual territories of Ukraine.

Such risk and vulnerability assessments
must necessarily include determining the
sensitivity of a sector or object or other
asset to changes in climatic impact drivers.
In the proposed methodology, the sum of
the sensitivity weight coefficients should be
10 points. Then the vulnerability of an asset
to climate change will be determined as the
sum of the multiplication of the asset's
sensitivity and the degree of impact of a
change in a climatic driver or hazard (from 0
to 1). To determine the risk, the maximum
hazard is found among all scenarios for
each category of climatic drivers, which is
presented in this document.

The proposed method of generalizing the
levels of maximum hazards of all types and
categories in the region is unique and can
be scaled up both for other regions and
zones within Ukraine (river basins, reserves
and other objects), and in other countries if
there is data on projections of climatic
impact drivers by scenarios. It allows
anyone easily compare regions by the
degree of hazard, as well as scenarios and
periods.

Thus, the obtained estimates and data on
maximum levels for hazard categories
under individual and combined scenarios
for Ukraine will be used in the further
assessment of vulnerabilities and risks from
climate change for sectors of the economy
and individual zones.




HopaTtok | Annex

PerionaneHi knimatnyHi mogeni (PKM) 3 Euro
CORDEX, wWoOeHHi AaHi SKkMX BKIOYEHi A0
aHcambnto ans cueHapiisB RCP 4.5 ta RCP 8.5
ana teputopil Ykpaiim

Regional climate models (RCMs) from Euro
CORDEX, the daily data of which are
included in the ensemble for the RCP 4.5 and
RCP 8.5 scenarios for the territory of Ukraine

Euro CORDEX RCP 4.5 & RCP 8.5
Realisatio PKM / Adjustment for tas, tmin, tmax and . wsgs
Id |GCM . . tas|tmax|tmin| pr | prsn| snc| hurs
n RCM pr (bias-correction) max

1 2 3 4 5 6 |7 |8 |9 [0 |11 |12 [13
1[cNRM-CMS r1lilpl | CLMcom-CCLM4-8-17 | v1-SMHI-DBS45-MESAN-1989-2010 B T
2 |cCNRM-CMI5 r1lilpl | CNRM-ARPEGES1 V1-IPSL-CDFT21-WFDEI-1979-2005

3[cNRM-CM5 rlilpl | CNRM-ARPEGES1 V1-IPSL-CDFT22-WFDEI-1979-2005

4|CNRM-CM5 rlilpl | SMHI-RCA4 V1-IPSL-CDFT21-WFDEI-1979-2005

5 |CNRM-CM5 rlilpl | SMHI-RCA4 V1-IPSL-CDFT22-WFDEI-1979-2005

6 [CNRM-CM5 rlilpl | SMHI-RCA4 v1-SMHI-DBS45-MESAN-1989-2010 B T
7 |Ec-EARTH r1lilpl | KNMI-RACMO22E v1-IPSL-CDFT21-WFDEI-1979-2005

8 [EC-EARTH rlilpl | KNMI-RACMO22E V1-IPSL-CDFT22-WFDEI-1979-2005

9 [EC-EARTH r1lilpl | KNMI-RACMO22E V1-SMHI-DBS45-MESAN-1989-2010 .
10 [EC-EARTH r3ilpl | DMI-HIRHAMS V1-IPSL-CDFT21-WFDEI-1979-2005

11 [EC-EARTH r3ilpl | DMI-HIRHAMS V1-IPSL-CDFT22-WFDEI-1979-2005

12 [ECEARTH r3ilpl | DMI-HIRHAMS V1-SMHI-DBS45-MESAN-1989-2010

13 [EC-EARTH r12i1pl | CLMcom-CCLM4-8-17 | v1-SMHI-DBS45-MESAN-1989-2010 B T
14 [EC-EARTH r12i1p1 | SMHI-RCA4 V1-IPSL-CDFT21-WFDEI-1979-2005

15 [EC-EARTH r12i1p1 | SMHI-RCA4 V1-IPSL-CDFT22-WFDEI-1979-2005

16 [EC-EARTH r12i1p1 | SMHI-RCA4 V1-SMHI-DBS45-MESAN-1989-2010 T
17 |IPSL-CM5A-MR | rlilpl | IPSL-INERIS-WRF331F | v1-IPSL-CDFT21-WFDEI-1979-2005

18 [IPSL-CM5A-MR | rlilpl | IPSL-INERIS-WRF331F | v1-IPSL-CDFT22-WFDEI-1979-2005

20[IPSL-CM5A-MR | rlilpl | SMHI-RCA4 V1-IPSL-CDFT21-WFDEI-1979-2005

21|IPSL-CM5A-MR | rlilpl | SMHI-RCA4 V1-IPSL-CDFT22-WFDEI-1979-2005

22[IPSL-CMSA-MR | rlilpl | SMHI-RCA4 v1-METNO-QMAP-MESAN-1989-2010

23[HadGEM2-ES | rlilpl | CLMcom-CCLM4-8-17 | v1-SMHI-DBS45-MESAN-1989-2010

24|HadGEM2-ES | rlilpl | KNMI-RACMO22E v2-SMHI-DBS45-MESAN-1989-2010

25[HadGEM2-ES | rlilpl | SMHI-RCA4 v1-SMHI-DBS45-MESAN-1989-2010

26 |HadGEM2-ES | rlilpl | SMHI-RCA4 v1-IPSL-CDFT22-WFDEI-1979-2005
27 [MPIESM-LR | rlilpl | CLMcom-CCLM4-8-17 | v1-METNO-QMAP-MESAN-1989-2010
28 [MPI-ESM-LR | rlilpl | CLMcom-CCLM4-8-17 | v1-SMHI-DBS45-MESAN-1989-2010 B T
29 |MPI-ESM-LR | rlilpl | MPI-CSC-REMO2009 | v1-IPSL-CDFT21-WFDEI-1979-2005
30 |MPI-ESM-LR | rlilpl | MPI-CSC-REMO2009 | v1-IPSL-CDFT22-WFDEI-1979-2005
31 |MPI-ESM-LR | rlilpl | MPI-CSC-REMO2009 | v1-SMHI-DBS45-MESAN-1989-2010
32 [MPI-ESM-LR | rlilpl | SMHI-RCA4 v1a-SMHI-DBS45-MESAN-1989-2010 i
33 [MPI-ESM-LR | rlilpl | SMHI-RCA4 V1-IPSL-CDFT22-WFDEI-1979-2005
34 |MPI-ESM-LR | r2ilpl | MPI-CSC-REMO2009 | v1-SMHI-DBS45-MESAN-1989-2010

Data availability for different characteristics, marked with specific colours:

tas — daily mean air temperature, initial data given in K

tmax — daily maximum air temperature; tmin — daily minimum air temperature, initial data given in K

pr—daily precipitation flux, initial data given in kg/m?/s

prsn —daily snowfall flux, initial data given in kg/m?/s

hurs — relative humidity, initial data given in %

snc — daily surface snow area fraction, initial data given in %

wsgsmax — daily maximum near-surface wind speed of gust, initial data given in m/s
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