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1. Inceprauifina po60Ta IPUCBAYEHA aHAJIi3y 3MiH KJIiMaTy B YKpaiHi, 30KpeMa eKCTpeMaIbHUX KIiMaTUYHUX SIBUIL
IIOB'SI3aHKX i3 TEMIIEpaTypoIO MOBITPSI Ta aTMOC(PEPHUMU OIalAMU, HA OCHOBI po3p0671eHOi 6a31 CITKOBUX JAHUX
BHCOKOI IpOCTOPOBOi po3ainbHOocTi (0,1°%0,1°%; ~10 kmx10 xm) 3a niepiof 1946-2020 pp. Ta KIiMaTUYHUX IIPOEKLH 10
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MOTPeOYIOTh HANiHOI eMIipUYHOI KJIiMaTUYHOI iHopmaliii 3 BUCOKOIO PO3AiJIbHICTIO Ta alallTOBAHUX JO 00J1aCTi
IOCJIiIKeHHS aHUX KJIIMaTUYHUX PoeKLiil. O6'€KTOM IOCiI)KeHHS € IpU3eMHa TeMIIepaTypa IOBITps Ta
atMocdepHi oniaau B YKpaiHi, a mpeIMeTOM — KJIiMaTOJIOTiYHi aCleKTH eKCTpeMabHUX MOTil Ta SIBUII IOTOAU
[IOB'S13aHUX i3 TEMIIEPATYPOIO MOBITPsI Ta ATMOCPEPHUMHU ONAJAMU, T iX PETYJISIPHI 3MiHU 32 NIEePiof, CIIOCTEPEXKEHb
(1946-2020 pp.) i 32 ;aHUMHU KIIiMaTUYHUX NPoeKLii (2021-2100 pp.). CpopmoBaHO 11ppPOBY 6a3y JaHUX
cTaHLiNHuX 178 yacoBux psziB 1o6oBuX 3HaYeHb MiHiMasnbHOI (TN), cepennboi (TM) Ta MakcumanbHoi (TX)
TeMIIEpaTypM NOBITpsl Ta cyM atMocdepHux onagis (RR) 3a nepiog 1946-2020 pp. I1pu ii popmysanHi 3ailicCHEHO
onudposyBaHHs 3 571 778 mpomnyueHux 3Ha4eHb, 0 TO3BOJIMIIO 3HAYHO MiIBULIUTH IIOBHOTY Ta SIKiCThb PSIiB.
[TpoBeneHO aHai3 psfiB HA HASBHICTb IOMUJIOK Ta KJIIMATOJIOTiYHOI HEOJHOPIGHOCTI 32 JOIIOMOTOI0
crienianizosaHoro I13 (INQC, Climatol). InenTudikosano Ta BunpasieHo 263 po3puBHU y psifax Temmneparypu ta 213
y papgax onagis. 34iiCHEHO CTAaTUCTUYHUN JAYHCKEMIHT CTAaHLIMHYX JAHUX Y BY3JIM CTaHIAPTHOI IIMPOTHO-
IIOBFOTHOI PerymsipHoi citku 3 Kpokom 0,1°x0,1° (~10 kmx10 KM) Ha OCHOBi F€OCTaTUCTUYHOTO MOZEIIOBAaHHS 3
ypaxyBaHHSM ¢izuko-reorpadivHux oco6JIUBOCTEN TepUTOpii YKpaiHu sIK OAATKOBUX IEeTePMiHICTUYHUX
npengukropis 3a gonomoroio [13 MISH. Creopeno ClimUAd - 6a3y gaHuX CiTKOBUX YaCOBUX PsifIiB 000OBUX 3HAUYEHb
TM, TX, TN i RR gsis nepiogy 1946-2020 pp. CpopmoBaHO cTaTuCcTA4HI aHcamb6si 3 oguHanuaty KM CMIP6 nis
cueHapiiB SSP2-4.5 ta SSP5-8.5. BUKOHaHO CTaTUCTUYHE KOPUTYBAHHS JAHUX KIIMAaTUYHUX [TPOEKLIN HA OCHOBI
ClimUAd meTo[10M KBaHTUJILHOTO NleJIbTa BiloOpaskeHHsI. [1J1s1 OLiHIOBaHHS KJIIMaTUYHUX 3MiH PO3Pax0OBaHO PiuHi
psiou 9 iHOEKCIB, SIKi XapaKTepu3yloTh TEMIIEPATyPHU PEXKUM, Ta 5 iHIEKCIB, SIKi XapaKTepU3yIoTh PEKUM
atMocdepHux onazis. PodpaxoBaHo mniHilHi Tpenay 3a merogamu MHK Ta Cena, cTaTUCTUYHY 3HAUYLIICTh TPEHIIB
OLiHEHO 3a IOIIOMOro10 TecTy ManHa-KeHjana y KOXKHIN By3JI0Bill Touli AJis nepiofis: 1946-2020 pp. ta 2021-2100
pp. TakoxX po3paxoBaHO Pi3HULI MK 3HaYE€HHSIMU iHJIEKCiB, ycepegHeHux 3a 1pa nepionu 2031-2060 pp. (6113bke
ManoyTHe) Ta 2071-2100 pp. (maneke MaiioyTHe) Ta 6a30BUM KIiMaTUYHUM niepiogom 1991-2020 pp. B YkpaiHi
CIIOCTepiraeTbcs 3MiHa peXXUMY eKCTPEeMasIbHOCTI TeMIlepaTypy MOBITps Ta aTMocdepHUX omnafis. [y nepiony
1946-2020 pp. Ha (oHI 3pocTaHHs piuHOI cepenHboi TeMIieparypu 3 iHTeHcuBHicTo 0,28 °C /10 p. y 3arajibHOMy
CIIOCTEpiraeTbCst 30ibIIEHHS KiJIbKOCTi €KCTPEMAVIbHUX NOJiH, IOB'S13aHUX 3 BUCOKUMU TemnepaTtypamu (SU, TR,
TX90P, TN9OP), Ta 3MeHIIEHHS KiJIbKOCTi €KCTpEMaIbHUX MO/il, MOB'I3aHUX 3 HU3bKUMU Temneparypamu (FD, ID,
TX10P, TN10P). 3a cueHapieM SSP2-4.5 B cepeJHbOMY 32 TEPUTOPi€I0 YKPaAiHU IPOrHO3YETHCS 3POCTaHHS PidHO]
temnepatypu nositps (0,27 °C /10 p.), 36isblI€HHS KiIbKOCTi €KCTPEMaIbHUX SIBULL BUCOKUX TEMIIEPATYP Ta
3MEHIIEHHS KiJIbKOCTi €KCTPEMAJIbHUX SIBULL HU3bKUX TEMIIEPATYP. IHIEeKCH ONajliB XapaKTepU3yIOThCs OJATHUMU
TeHneHLisMu. HalliHTeHCUBHILI 3MiHU IPOSBASTUMYTHCS Y 3MEHILIEHHI KiJIbKOCTI MOPO3HUX AHiB (-3,2 gHiB/10 p.),
30i/1bIIIE€HHI KiJIBKOCTI JIiTHIX AHIB Ta TponiuHux Hovel (3,0 ta 2,51 gHiB/10 p., BiAIOBiHO), @ TAKOK 30iJIbIIE€HH]
piunoi cymu omnagis (2,39 MM /10 p.). 3a cueHapieM SSP5-8.5 IpOrHo3yeThCs 3HAYHO iHTEHCUBHIlIe 3pOCTaHHS
piunoi Temneparypu nositps (0,68 °C /10 p.), 36inbII€HHS KiTbKOCTi €KCTPEMaJIbHUX SIBUIL BUCOKUX T€MIIEpaTyp Ta
3MEHIIEHHS KiJIbKOCTi €KCTpeMaJIbHUX SIBUL HU3bKUX TeMmIlepaTyp. Hailbinbuli 3MiHU 04iKyIOTbCSl y 30iIbII€HHI
KiJIBKOCTi TponiuHux Houel (7,9 nHiB /10 p.), 3SMEHIIEHHI KiJIbKOCTi MOPO3HUX IHiB (-7,78 nHiB /10 p.), 36i1bI1€HH]
KiJIBKOCTI JIiTHIX [IHIB (6,84 nHiB /10 p.) Ta 3pocTaHHi BifcoTKa Terux gHiB (1,91 % /10 p.). Haii6inbime 3pocTaHHs
€KCTPeMaJIbHUX OIIa/liB IIPOTHO3YETHCS [1JIs KiJIbKOCTI IHIB 3 cuimbHUMU onagamu (0,16 gHiB /10 p.) Ta 4acTKu onamuis
Iyxe BoJsiorux nHiB (0,96 % /10 p.). Y KiHLli IOTOYHOTO CTOJITTS CJIifi O4iKyBaTH Oisibll iHTEHCHUBHI 3MiHU KJliMaTy
MIOPiBHAHO i3 1oro cepennno. s nepiongy 2031-2060 pp. pOrHO30BaHi 3MiHM B iHIEKCAX ONafiB Ta TEMIIEPATYPHU
noBiTps 32 oboma cueHapismu SSP5-8.5 Ta SSP2-4.5 e cniBctaBHuMu. [ns nepiogy 2071-2100 pp. cuenapiii SSP5-
8.5 nepen6avae 3HaYHO CUJIbHII (POHOBI 3MiHU /1J1s1 BCiX TeMIlepaTypHUX iHzeKciB; SSP2-4.5 nokazye 6inblie
¢$hoHOBe 3pocTaHHs PiYHOI CyMU ONaliB. 3pOCTaHHS KiIbKOCTI JHIB 3 CUJIBHUMU OIIalaMH CIliBcTaBHi. SSP5-8.5
nepen6ayae 6ispiie 3pOCTAHH KiJIbKOCTI IHIB 3 Ay>Ke CUJIIBHUMU OINaIaMU, YACTKU OMNAaJiB Iy’Ke BOJIOIUX Ta
€KCTpPEMaJIbHO BOJIOTUX JHIB.

2. The thesis is dedicated to the analysis of climate change in Ukraine, in particular extreme climate events related
to air temperature and atmospheric precipitation, based on the developed high spatial resolution gridded database
(0.1° x 0.1° ~10 km x 10 km) for the period of 1946-2020 as well as climate projections until the end of the 21st
century. The relevance of the topic is determined by the need to develop adaptation and mitigation measures in



response to rapid climate change, which affects human activity and nature. These measures require reliable, high-
resolution empirical climate information and climate projection data adapted to the study area. The subject of the
study is the surface air temperature and atmospheric precipitation in Ukraine, and the object is the climatological
aspects of extreme weather events and phenomena related to air temperature and precipitation and their regular
changes over the period of observation (1946-2020) and based on climate projection data (2021-2100). A digital
database of 178 station time series of daily values of minimum (TN), mean (TM) and maximum (TX) air temperature
and precipitation (RR) for the period 1946-2020 was formed. 3,571,778 missing values were digitized during its
development, which significantly improved the completeness and quality of the series. The series were examined
for errors and climatological heterogeneity using specialized software (INQC, Climatol). 263 breaks in the
temperature and 213 in the precipitation series were identified and corrected. Statistical downscaling of station
data into the nodes of a regular grid with a 0.1° x 0.1° (~10 km x 10 km) step was performed based on geostatistical
modeling, taking into account the physical and geographical features of the territory of Ukraine as additional
deterministic predictors using the MISH software. ClimUAd - a database of gridded time series of daily TM, TX, TN
and RR values for the period 1946-2020 was created. Statistical ensembles of eleven CMIP6 GCMs for the SSP2-4.5
and SSP5-8.5 scenarios were formed. Bias correction of climate projection data using ClimUAd was conducted
using the quantile delta mapping method. To assess climate change, annual series of 9 indices characterizing the
temperature and 5 indices characterizing the precipitation regimes were calculated. Linear trends were calculated
using the OLS and Sen methods, and the trends’ statistical significance was estimated using the Mann-Kendall test
at each grid point for the periods: 1946-2020 and 2021-2100. The differences between the values of the indices
averaged over the two periods 2031-2060 (near future) and 2071-2100 (far future) and the baseline climate period
1991-2020 were also calculated. In Ukraine, a change in the regime of extremes of air temperature and
precipitation is observed. For the period 1946-2020, in the background of an increase in the annual average
temperature with an intensity of 0.28 °C /10 yr., there is a general increase in the number of extreme events
related to high temperatures (SU, TR, TX90P, TN90OP) and a decrease in the number of extreme events related to
low temperatures (FD, ID, TX10P, TN10P). Under the SSP2-4.5 scenario, an increase in annual air temperature (0.27
°C/10 yr.), an increase in the number of high temperature extremes, and a decrease in the number of low
temperature extremes are expected on average across Ukraine. Precipitation indices have positive trends. The
most intense changes are expected in a decrease in the number of frost days (-3.2 days /10 yr.), an increase in the
number of summer days and tropical nights (3.0 and 2.51 days /10 yr.), and an increase in annual precipitation (2.39
mm,/10 yr.). Under the SSP5-8.5 scenario, a much more intense increase in annual air temperature (0.68 °C/10 yr.),
an increase in the number of high temperature extremes, and a decrease in the number of low temperature
extremes are expected. The largest changes are expected in the number of tropical nights (7.9 days /10 yr.), the
number of frost days (-7.78 days /10 yr.), the number of summer days (6.84 days /10 yr.), and the percentage of
warm days (1.91% /10 yr.). The largest increase in precipitation extremes is expected for the number of days with
heavy precipitation (0.16 days/10 yr.) and the share of precipitation on very wet days (0.96% /10 yr.). At the end of
this century, more intense climate change is expected compared to its middle. For the period 2031-2060, the
projected changes in precipitation and air temperature indices under both scenarios are similar. For the period
2071-2100, the SSP5-8.5 implies much stronger background changes for all temperature indices; the SSP2-4.5 - a
larger background increase in annual precipitation. The increase in the number of days with heavy precipitation is
comparable. The SSP5-8.5 implies a larger increase in the number of days with very heavy precipitation, the share
of precipitation on very wet and extremely wet days.
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