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Pedepar:

1. Inceprauiina po60Ta IpUCBSIYeHa aHaJli3y 3MiH KliMaTy B YKpaiHi, 30KpeMa eKCTpeMaIbHUX KIiMaTUYHUX SBUII
IIOB'S13aHUX i3 TEMIIEPATYPOIO MOBITPsl Ta aTMOCPEPHUMU OIIaJJaMHU, HA OCHOBi po3p06JieHO0i 623U CiTKOBUX JaHUX
BHICOKOI IPOCTOPOBOi po3ainbHOCTi (0,1°%0,1°%; ~10 kmx10 km) 3a nepiof 1946-2020 pp. Ta KJIiMaTUYHUX IIPOEKLIN 10O
KiHus XXI CTOMITTS. AKTyaIbHICTh TEMU 3yMOBJIEHA HEOOXiTHICTIO pO3POOKY 3aX0iB afjanTalii Ta TIOM SIKIIeHHS
HACJIJIKIB MBUIKUX KJIIMaTUYHUX 3MiH, 10 BIUIMBAIOTh HA KUTTENi/IbHICTD JIIOAUHU Ta Ipupony. Lli 3axonu
noTpebyIoTh HAAIMHOI eMIIiPUYHOI KJIiMaTUYHOI iHpopMallii 3 BUCOKOK PO3[AiNBHICTIO Ta aJallTOBAaHUX [0 006J1aCTi
IOCJIiIPKEHHS JaHUX KJIIMAaTUYHUX NPoeKLiil. O6’eKTOM IOCTiIKEHHSs € TPU3eMHa TeEMIIepaTypa MOBITPs Ta

arMmocdepHi oniaau B YKpaiHi, a mpeiMeTOM — KJIiIMaTOJIOTiYHi aCMeKTH eKCTPeMaIbHUX IOIiN Ta SIBUI IIOTOAN



[IOB'S13aHUX i3 TEMIIEPATYPOIO MOBITPsI Ta ATMOCPEPHUMHU ONATAMU, T iX PETYJISIPHI 3MiHU 32 NEePiof, CIIOCTEPEKEHb
(1946-2020 pp.) i 32 maHMMU KIiMaTUYHUX IpoeKLii (2021-2100 pp.). CpopmoBaHo U@ poBy 6a3y HaHUX
CTaHLiNHuX 178 yacoBux psfiB 1o6oBux 3HaYeHb MiHiManbHOI (TN), cepennboi (TM) Ta MakcumanbHoi (TX)
TeMIIEpaTypH NMOBITPs Ta cyM atMocdepHux onafis (RR) 3a nepiog 1946-2020 pp. Ipu ii popmyBanHi 31iiCHEHO
onudposyBaHHs 3 571 778 mpomnyueHnx 3Ha4eHb, 0 T03BOJIMIIO 3HAYHO MiIBULIMTH IIOBHOTY Ta SIKICThb PSIiB.
[IpoBeneHO aHai3 psfiB Ha HASIBHICTb IOMUJIOK Ta KJIIMATOJIOTiYHOI HEOJHOPIAHOCTI 32 JOIIOMOTOI0
crienianizosasoro I13 (INQC, Climatol). InenTudikoano Ta BUunpasieHo 263 po3puBU y psfax Temineparypu ta 213
y psax onafis. 34iiCHEHO CTaTUCTUYHUM JAYHCKEWIIHT CTAaHLIMHUX JAHUX Y BY3JIU CTAaHAAPTHOI MIMPOTHO-
IOBrOTHOI peryssipHoi ciTku 3 Kpokom 0,1°x0,1° (~10 kMx10 KM) Ha OCHOBi T€0CTaTUCTUYHOI'O MOJIe/IIOBAHHS 3
ypaxyBaHHSIM ¢izuko-reorpadivHux oco6MBOCTEN TepUTOPii YKpaiHu sIK OAATKOBUX IEeTEPMiHICTUUHUX
npenuktopis 3a gonomoroo [13 MISH. Creopeno ClimUAd - 6a3y gaHuX CiTKOBUX YaCOBUX PSifIiB 10OOBUX 3HAUYEHb
TM, TX, TN i RR gsis nepiogny 1946-2020 pp. CdpopmoBaHo ctatucTryHi ancamb6si 3 oguHanusatu ['KM CMIP6 nis
cueHapiiB SSP2-4.5 ta SSP5-8.5. BUKOHaHO CTaTUCTUYHE KOPUTYBaHHS JAHUX KJIIMaTUYHUX [TPOEKLiN HA OCHOBI
ClimUAd MeTo10M KBaHTUJIBHOTO Ji€JIbTa BioOpakeHHs. [y OLiHIOBaHHS KJIIMAaTUYHUX 3MiH PO3Pax0OBaHO piuHi
psinu 9 iHIEKCIB, SIKi XapaKTepU3yloTb TEMIIEPATYPHUN PEXKUM, Ta 5 iHIEKCIB, SIKi XapaKTepU3yIOTh PEKUM
atMocdepHux onafis. PospaxosaHo mniHiliHi TpeHny 3a metrogamu MHK Ta CeHa, cTaTUCTUYHY 3HAUYLICTh TPEHIIB
OLiHEHO 3a OIIOMOroI0 TecTy ManHa-KeHjana y KOXKHIN By3J0Bill Touli AJis nepionis: 1946-2020 pp. ta 2021-2100
pp. TakoxX po3paxoBaHO Pi3HULI MK 3HaYE€HHSIMU iHIIEKCiB, ycepegHeHux 3a 1a nepioau 2031-2060 pp. (61u3bke
maibyTHe) Ta 2071-2100 pp. (ganeke MaitbyTHE) Ta 6a30BUM KJliMaTUYHUM niepiogom 1991-2020 pp. B Ykpaini
CIIOCTepiraeTbcs 3MiHa peXXUMY eKCTPeMasIbHOCTI TeMIlepaTypy NOBITpsl Ta aTMocdepHUX omnamuis. [y nepiony
1946-2020 pp. Ha (OHI 3pocTaHHs pPiuHOI cepenHbOi TeMIieparypu 3 inTeHcusHicTo 0,28 °C /10 p. y 3arajibHOMy
CIIOCTepiraeThes 361bIIEHHS KiIBKOCTI €KCTpEeMaIbHUX MO, IOB'13aHUX 3 BUCOKMMU Temneparypamu (SU, TR,
TX90P, TN9OP), Ta 3MeHIIEHHS KiJIbKOCTi eKCTpEeMaJIbHUX IIOJiH, OB'sI3aHUX 3 HU3bKUMU Temnepatypamu (FD, ID,
TX10P, TN10P). 3a cueHapiem SSP2-4.5 B cepejHbOMY 32 TEPUTOPi€I0 YKPaAiHU IPOrHO3YETHCS 3POCTaHHS PidHOi
temnepatypu nositps (0,27 °C /10 p.), 36isbII€HHS KiIbKOCTI €KCTPEMAIbHUX SIBULL BUCOKUX TEMIIEPATYp Ta
3MEHIIEHHS KiJIbKOCTI €EKCTPEMAJIbHUX SIBULL HU3bKUX TEMIIEPATYP. IHIEeKCH ONajliB XapaKTePU3YIOTbCS LOJATHIMU
TeHIeHLisMuU. HallinTeHCUBHILI 3MiHU IPOSIBISATUMYTbCS Y 3MEHILIEHHI KiJIbKOCTI MOPO3HUX AHiB (-3,2 gHiB /10 p.),
36ibIIeHHI KiIbKOCTI JIiTHIX AHIB Ta Tpomniynux Hovel (3,0 ta 2,51 gHiB /10 p., BiATIOBiIHO), a TAKOK 306i/bIIEHH]
piunoi cymu omnagis (2,39 MM /10 p.). 3a cuenapiem SSP5-8.5 IporHo3yeTbcs 3HAYHO iHTEHCUBHIlIe 3pOCTaHHS
piunoi remnepatypu nositps (0,68 °C /10 p.), 30inblIeHHS KiJIbKOCTi €KCTPEMAaJIbHUX SIBUIL, BUCOKUX TEMIIEPATyp Ta
3MEHIIEHHS KiJIbKOCTi €KCTPEMaJIbHUX SIBUL HU3bKUX TeMmIepaTyp. Haiibinblli 3MiHU 04iKyIOTbCSl y 30iIbIIE€HHI
KiJIBKOCTi TponiuHux Hodel (7,9 nHiB /10 p.), 3SMEHIIEHHI KiJIbKOCTi MOPO3HUX OHiB (-7,78 ngHiB /10 p.), 36i1bIIEeHH]
KiZIbKOCTI JIiTHIX AHiB (6,84 nHiB /10 p.) Ta 3pocTaHHi BigcoTka Tenaux gHis (1,91 % /10 p.). Hait6inbiie 3pocTaHHs
€KCTpeMaJIbHUX OIa/liB IIPOTHO3YEThCS [1J1s KifIbKOCTi IHIB 3 cunbHUMU onagamu (0,16 aHiB /10 p.) Ta 4acTKu omnamuis
Iyxe BoJsiorux nHiB (0,96 % /10 p.). Y KiHLli IOTOYHOTO CTOJITTS CJIifi O4iKyBaTH OisibIl iHTEHCHUBHI 3MiHU KJliMaTy
MOPIiBHAHO i3 oro cepenuno. g nepiongy 2031-2060 pp. pOrHo30BaHi 3MiHM B iHIEKCAX ONafiB Ta TEMIIEPATYPU
noBiTps 32 oboma cuenHapisimu SSP5-8.5 tTa SSP2-4.5 e cniBctaBHuMu. [iis nepiogy 2071-2100 pp. cuenapiit SSP5-
8.5 nepenbavae 3HaYHO CUJIbHIlI (POHOBI 3MiHM [1J15 BCiX TeMIlepaTypHUX iHzeKciB; SSP2-4.5 nokazye 6inblie
($hoHOBe 3pocTaHHs PiYHOI CyMU ONaiB. 3pOCTaHHS KiNIbKOCTI JHIB 3 CUJIBHMMU OIIalaMH CIliBcTaBHi. SSP5-8.5
nepepn6ayae 6iypine 3pOCTaHHS KiJIbKOCTI IHIB 3 Ay>Ke CUJIbBHUMU OIIaJlaMM, YaCTKU OMNaiB Iy>Ke BOJIOTUX Ta

€KCTPEMAJIbHO BOJIOTUX ,IIHiB.

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, TN9OP) 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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