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2. Clouds and precipitation in the Antarctic Peninsula region: microphysics, mesoscale processes and climate
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Pedepar:

1. luceprarifina po6oTa MprucBsYeHa BU3BHAYEHHIO XapaKTePUCTUK XMap Ta OMajiB Ha MiKpOo-, Me30- Ta
KJIIMaTUYHOMY IIPOCTOPOBO-YaCOBUX MacCIITabax [1jisl perioHy AHTapKTUYHOTO IIiBOCTPOBA 3 OCHOBHUM (POKYCOM Ha
BUIAJIKaX iHTEHCUBHUX ONAaJiB 3i 3MiHOI0 (ha3u Ta 6araTOpivyHUX KJIIMATUYHUX iHAEKCAX i mapameTpax aTMochepu,
[IOB'SI3aHUX i3 3MiHOIO XMapo- Ta ONafoyTBOPeHHs! 3 KiHIs XX 1o KiHug XXI cTopivdus 32 Cy4aCHUMU KIIIMAaTUYHUMU
IIPOEKLiSIMU. AKTYaJIbHICTb pOOOTH IOJIATa€ Y HEOOXiAHOCTI BUBYEHHS BJIACTUBOCTEN XMap Ta OMNafliB y MOJISIPHUX
perioHax, OCKiJIbKY NOJISIPHI aTMOC(EpHi IPOLIECH, SIKi € iCTOTHOIO CKJIaZ0BO0 I7100aJIbHOI HUPKYJIALii, 3Ha4HO
9yTIUBI 70 3MiHM KJIiMaTy Ta 6e3rocepeiHbO BIVIMBAIOTh Ha (GOPMYBAHHS PEXUMY IIOTOAY Y IOMIPHUX IIMPOTAX.

OpHak BJIaCTUBOCTI XMap i onafiB y OJIIPHUX PEriOHaX 3a/IMIIAI0TLCS HEJJOCTATHO BUBYEHUMU Y€PE3 BiJICYTHICTh



[I0JIbOBYX, A€POJIOTIYHMX i CYIIYyTHMKOBUX JaHMX BUMipIoBaHb. CaMe TOMY ITapaMeTpU3allis XxMap i onamis y
KJIIMaTUYHUX i IPOTHOCTUYHUX PETiOHANBHUX MOZEIX 3aINIIAETHCS IPKEPEIOM TOMUJIOK, 110 YHEMOXKIIMBIIIOE
OTPUMAaHHS JOCTOBIpHOI iHdOpMallii Tpo CTaH NMOJSIPHOI eKOCUCTeMU 3arajioM i atrmocdepu 3okpema. Takum
YMHOM, I'PYHTOBHE BUBYEHHS [IPOLECIB YTBOPEHHS XMap i onafis 3a JOIIOMOTrOI0 PEriOHaJIbBHOTO MOJE/IOBAHHS 3
BHCOKOIO IIPOCTOPOBOIO i 4aCOBOIO PO3MiJIbHOIO 3[IaTHICTIO Ta iX Beprikallig 32 JaHUMU BUMIpIOBaHb, & TAKOXK
OlliHKa KJIIMAaTUYHUX MTPOEKLiN MOXKe [TOKPAIIUTY PO3yMiHHS aTMOC(EPHUX NPOLECIB Y IOJISIPHUX PerioHax i sIKiCTh
YUMCJIOBOTO MOJEJIIOBAHHS, BKJIIOUAI0UM MOJIE/NIIOBAHHS KIiMaTy, y MalilOyTHbOMY. MeTolo gucepTauiiHoi po6oTH €
BM3HAYEHHS ME30MAaCIITaOHUX Ta MIKpO(DiZMYHUX 0COOINBOCTEN IIPOLECiB XMapO- Ta ONaf0yTBOPEHHS ITif, yac
BUNAJIKIB iIHTEHCUBHUX ONAJiB B palioHi AHTaPKTUYHOTO ITiBOCTPOBA Ta aHaJi3 ixX KIiMaTUYHUX NPOEKIIN OO0 KiHLIs
XXI cronitTs. O6'€KTOM IOCITIKEHHS € XMapHU i oNlafy B palloHi AHTapKTUYHOTrO IiBOCTPOBa. [IpeameTom
IOOCJiIKEHHS € Me30MaclITabHi Ta Mikpodi3nyHi IpoLecu xMapo- Ta ONaJ0yTBOPEHHS il 4aC BUMAIKiB
iHTEeHCHUBHUX OMNAfiB 3i 3MiHOIO a3y B perioHi AHTAPKTUYHOTO MiBOCTPOBA. [0 Cy4acHUX iHCTPYMEHTIB, 1110
BHUKOPHUCTOBYIOTBHCS 17151 JOCJIIPKEHHS IIPOLIECiB XMapo- Ta ONaJOyTBOPEHHS i 3MiHM KJliMaTy Hajie>kaTh I100ajbHi
KiimMaTuyHi Mopeni, peaHanis ERAS, Ta Mme3omaciitabHa yucioBa mogesb Polar WRF. ITpoBeneHuit NOPiBHSAIbHUM
aHai3 KoHpirypauiit Mogesi fae MOXJIMBICTb 3pOOUTH NPUITYIIEHHS], 0 o6paHa KoHbiryparis Polar WRF 3
MikpodiznyHOIO mapaMmeTpu3saiiiero ToMCoHa HaWKpalle rnepesjae XapakTepUCTHUKY XMap Ta ONaiB B parioHi
NiBHIYHO-3axiJHOro AHTapKTUYHOTrO MiBOCTPOBa. BukoHaHOo anpobaliito 3anrpornoHoBaHoi KoHirypatii mozei Polar
WRF 17151 MOZ€/II0BaHHS1 BUMNIAJIKy iHTEHCUBHOTO CHironapny y 6epesti 2013 poky aJs tepuropii €spony, Beiei
YKpainu Ta ueHTpy i 3axony Ykpainu. B jocyimkeHHi 1oKkasaHo, 10 OTPUMaHa KiJbKiCTb OmaziB 32 06paHo0
KoHirypauieto yrcesnbHoi Mmoaesi WRF € moctaTHbO HabGIMKEHO0 0 BUMIpSIHOI KiflbKOCTi onaziB, i Tomy
arpoboBaHa KOHQIrypallisi Mojiesli Mo>ke 6yTY BUKOPUCTaHa JJ1s1 OCJIiIPKEHHS] iHTEHCUBHUX NPOLECIB CHIronany B
Ykpaini Bysio npoaHnasnizoBaHo npouecu atMocpepHoi UMPKyIIsLii, Me3oMaciTabHi yMOBH Ta MiKpodisnyuHi
npouecy GOpMyBaHHS XMap Ta OMNafiB, 1[0 aCOLIOIOTHCS 3 YTBOPEHHSIM iHTEHCUBHUX OIa/iB 3i 3MiHOIO $a3u B
paiioHi AHTapKTUYHOrO NniBocTpoBa. Ha ocHoBI ananisy 3D Bizyasizallii po3noniny Kpanesb Ta KpUCTajliB 6yJIo
BM3HAUY€HO HASBHICTb OCEPEKIB JOLY B3[JOBX 3aXiHOTO y36€pesoKsi AHTAPKTUYHOIO NiIBOCTPOBA, HABITh BIPOJOBX
3MMOBOI LJMKJIOHIYHOI MOii, 8 TAKOK B3a€EMHE PO3TalllyBaHHS KPMCTAJIiB CHIrY, JIbOJY Ta Kpallejb Pi3HOrO PO3Mipy B
perioHi AHTapKTUYHOrO MiBOCTPOBA IIiJl YaC MOMEHTIB HaCTaHHS iIHTEHCMBHUX OIAZiB Ha 3aXiIHOMY y30epeskxKi
niBocTpoBa. O6paHo Ta po3paxoBaHO KJIiMaTU4HI iHAEKCcH i MapaMeTpy, 1o 3anponoHosadi BMO, nng yHidikauii
IOCTIiIKEHb 3MiHU KJliMaTy. BUKOpUCTaHHS CllelialbHUX KIIMaTUYHUX iHIEKCiB 3a6e3nevye NpeaCcTaBaeHHs 3MiHN
Pi3HUX KJIIMaTUYHUX XapaKTEPUCTHK Bif KiJIbKOCTI JHIB 3 TEMIIEPATYPOIO HUXKYO] 32 HYJIb, IO aCOLIIOETHCS 3
HasIBHICTIO UM BiJICyTHICTIO IPOLI€CiB TAaHEHHS KPUTY; 10 6e3NepepBHUX I1epiofiB 3/6€3 CYyTTEBUX OMa/liB, sKi
ACOLIOIOTCS 3 HAKOMUYEHHSIM /abJIs1iel0 Macy JIbOIOBUKIB. [IpocTOpoBuUii aHai3 06paHUX iHIEKCIiB 3abe3neyye
MO>KJIMBICTb BUSHAYEHHSI PETiOHANIbHUX 0COOIMBOCTEN KIiMaTy AHTapKTUYHOTO MiBOCTPOBA, OCKIJIbKA
IIPeJCTaBJISIIOTh He TiJIbKYA 4acOBUH XiJi 6a30BOro KJIiMaTUYHOIO ITapaMeTpy, a 1 3MiHy peKUMy TeMIlepaTypu,
OIIaZliB Y1 XMapHOCTI. BusiBI€eHO, 110 3MiHM PO3IJISIHYTUX [1apaMETPiB HAIIPUKIHIIL CTOJIITTS 3a cueHapiem RCP 4.5
IepeBaKHO CIiBCTaBHi 3i 3MiHamMu y cepeiiHi CTOJITTS 3a cueHapiem RCP 8.5. BctaHOBJIEHO OKpeMi cybperioHu
AHTapKTUYHOTO MiBOCTPOBA 3 Pi3HMMU NIPOTHO30BAaHVMMMU 3MiHAMU KJIIMAaTUYHUX YMOB. OTPUMaHi pe3yJbTaTu
MOXYTb OYTH BUKOPUCTAaHI 17151 IOKPAllleHHsI IPOrHO3Y iHTEHCUBHUX ONAaJiB, a OTKe [1JIaHyBaHHSI O6e3MevHilmnx
eKCIeJuLiHMX Micill Ta HaBirauii y perioHi; 1y BU3HaUY€HHs Mac-0ayIaHCy JIbOJOBUKIB, GOPMYyBaHHS
[IOBEPXHEBOr'0 CTOKY Ta iHIIMX IIPOLECIB B pETiOHI AHTAPKTUYHOTIO IiBOCTPOBA, a TAKOX Y MOMIPHUX IIMPOTAaX,
HaIpUKJIaJ, [1J1 BUNAIKiB iHTEHCUBHUX CHironanis B YKpaini. PesysbTaTu HOCiIPKeHHSI MOXKYTb OyTH BUKOPUCTaHi

K 6aza 1J1s1 LOCIiI)KEeHb Y CYMIKHMX HayKOBUX Tayly3sX.

2. The study is devoted to determining the cloud and precipitation formation features on the microphysical,
mesoscale and climatic scales for the region of the Antarctic Peninsula with the main focus on the intense
precipitation events with a precipitation phase change and on the multi-year climate indices and atmospheric
parameters associated with a change in the cloud and precipitation formation in the region from the end of the
20th to the end of the 21st century according to the modern climate projections. Polar atmospheric processes are
an essential component of global circulation, significantly sensitive to climate change, and directly affect the



formation of the weather regime in lower latitudes. However, the properties of clouds and precipitation in polar
regions remain to be understudied due to the lack of field, aerological and satellite measurement data. It is also
why the parameterization of clouds and precipitation in climate and forecast models remains a source of errors,
making it impossible to obtain reliable information about the state of the polar atmosphere in particular.
Therefore, a thorough study of cloud and precipitation formation processes by the high spatial and temporal
resolution regional simulations and their verification with the measurement data, as well as assessing their climate
projections, can improve the understanding of atmospheric processes in the polar regions and the quality of
numerical modelling, including climate modelling, in the future. The study aims to determine the mesoscale and
microphysical features of cloud and precipitation processes during intense precipitation events in the Antarctic
Peninsula region and to analyze climate projections of the respective parameters until the end of the 2Ist century.
The object of the study is clouds and precipitation over the Antarctic Peninsula region. The subjects of the study
are the mesoscale and microphysical processes of cloud and precipitation formation during intense precipitation
events with a phase transition over the Antarctic Peninsula region. Modern tools used in the study include global
climate models, ERAS reanalysis, and mesoscale numerical models Polar WRF. A comparative analysis of model
configurations was conducted. We can assume that the selected configuration of Polar WRF with Thomson
microphysical parameterization better represents the characteristics of clouds and precipitation in the
northwestern Antarctic Peninsula. This chosen Polar WRF model configuration was applied and tested for the
intense snowfall event in March 2013 over Europe, Ukraine and the central and western Ukraine. It was shown that
the chosen microphysical configuration of the WRF numerical model produced similar amount of measured
precipitation and therefore could be used to study the intense snowfall processes over Ukraine. Atmospheric
circulation processes, mesoscale conditions, and microphysical characteristics of cloud and precipitation
formation during the intense precipitation events with a phase transition over the Antarctic Peninsula were
analyzed. Based on the analysis of droplet and crystal distributions’ 3D visualization, the presence of rain cells
along the west coast of the Antarctic Peninsula, even during the winter cyclonic event, was determined, as well as
the relative location of snow, ice crystals and droplets of different sizes in the Antarctic Peninsula region during
moments of intense precipitation on the west coast of the peninsula Several indices and parameters proposed by
WMO to unify assessment of meteorological processes were analyzed, but we selected mostly indices that
represent climate changes near melting point. Namely, they are numbers of ice and frost days associated with the
presence or absence of ice melting processes, continuous periods with /without significant precipitation
associated with accumulation /ablation of glacier mass, liquid fraction and extreme precipitation. Spatial analysis
of the selected indices provides an opportunity to determine the regional features of the Antarctic Peninsula
climate, as they represent not only the change of the essential climate parameters but more generally the regime
of temperature, precipitation and cloud cover.
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