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Review Opinion on the PhD dissertation entitled

“Characteristics of atmospheric droughts and their future projections in Northern
Kazakhstan” by Ryssaliyeva Laura Sergeyevna

Drought is one of the most significant climate-related hazards, leading to serious
socio-economic consequences, including water resource shortages and crop yield
losses. In recent decades, the frequency and severity of drought events have increased
globally due to climate change and anthropogenic influences. Understanding the
characteristics of droughts and their future evolution is therefore of critical importance
for climate change mitigation and adaptation strategies.

The presented dissertation is devoted to the study of atmospheric drought, with
focus on their spatiotemporal variability, formation factors, and future changes under
conditions of global climate change in Northern Kazakhstan. The relevance of this
research is determined by the growing impact of extreme climatic events on regional
socio-economic systems and the urgent need to develop scientifically grounded
approaches for monitoring, understanding, and forecasting drought conditions.
Northern Kazakhstan is one of the country’s most important grain-producing regions
and is highly sensitive to climate change, which further emphasizes the significance of
this study.

The dissertation provides a comprehensive analysis of climatic datasets, with
special attention given to the comparative evaluation of drought indices, which is
essential for effective atmospheric drought monitoring. Considerable emphasis is
placed on the characteristics and formation processes of droughts. The dominant
modes of spatial variability of atmospheric droughts are identified, and key climatic
predictors are determined. The results demonstrate pronounced spatial heterogeneity
of drought characteristics across Northern Kazakhstan, leading to the identification of
three distinct sub-regions for further detailed analysis. Furthermore, machine-learning
based methods have been applied to develop a 24-month atmospheric drought

forecasting system.

The dissertation is distinguished by several important scientific findings, which
can be summarized as follows: (i) SPI, MCZI, and HTC are identified as the most
suitable drought indices for Northern Kazakhstan, with clear seasonal sensitivity:
short-term indices (SPI-1, MCZI-1) dominate in spring, medium-long-term indices
(SPI-3-9, MCZI-3-9) in summer, and SPI-3, MCZI-3 in autumn. (i) Atmospheric
droughts in Northern Kazakhstan are mainly controlled by large-scale circulation
patterns, with the East Atlantic (EA), Arctic Oscillation (AO), and North Atlantic
Oscillation (NAO) acting as the dominant drivers of interannual SPI variability. (iii)
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Under SSP2-4.5 and SSP5-8.5 scenarios, spring and summer droughts are projected to
intensify toward the mid-21st century, with spring becoming the most critical season,
especially in western and central regions. (iv) The machine-learning-based drought
forecasting system achieves accuracies of up to 87% in several regions based on the
dominant climatic index EA, and it is suggested that the drought forecast skill could be
further enhanced with introducing more controlling factors. Generally, all these
innovative results obtained in this dissertation have both substantial scientific and

practical value, and can be effectively used for drought early warning and risk
reduction.

It should be noted that, as part of this dissertation research, Ryssaliyeva L.S. has
completed a research internship at the Institute of Atmospheric Physics, CAS (Beijing,
China) under my supervision from 15 September to 12 October 2025. During the
internship, she carried out future projections of atmospheric droughts up to the end of
the 21st century using an ensemble of fifteen CMIP6 models that had undergone bias
correction. In addition, the main results of the dissertation have been published in
peer-reviewed journals indexed in the Scopus and Web of Science databases.

Ryssaliyeva L.S. has fulfilled all research tasks, and the objectives of the
dissertation have been completely achieved. Throughout the research process, she has
demonstrated strong scientific initiative, and responsibility.

I consider that the dissertation of Ryssaliyeva L.S. meets all established
requirements and recommend it for defense for the degree of Doctor of Philosophy
(PhD) in the educational program 8D05204 — Meteorology.
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Ha PhD mucceprauvonnyio paGory Pricanueroi Jlayper CepreeBHbI Ha TeMy
«XapaKTepUCTHKN aTMOCHEPHBIX 3aCyX M HX Oynymue npoexnuu B CeBepHOM
Kazaxcrauey,

3acyxa sBuseTcs omHOM W3 HaMGONee 3HAYMMBIX KIMMATHIECKUX OIACHOCTEH,
MPUBOIAIIEH K CEepbhe3HBIM COLMATBHO-3KOHOMUYECKHUM IIOCJIEACTBUAM, BKIJIIOYas
fe(@ULMT BOAHBIX PECYPCOB U CHUKEHUE YPOXKaNHOCTH CENbCKOXO3SANCTBEHHBIX KyJLTYP.
B nocnenHue NeCATUNETHS 4acTOTa M MHTEHCHBHOCTB 3aCyLUIMBBIX SIBICHUN BO BCEM
MHPE BO3POCITH BCICNCTBUE M3MEHEHMsl KIIMMara ¥ aHTPONOreHHOro Bo3zeicTBus. B
CBA3H C STHM U3Y'€HHUE XapaKTEePUCTUK 3aCyX U MX OyaylLei 3BOIIOLMH UMEET KITI0YEBOE

3HAICHUE IS Pa3spabOTKH CTparerdii cMArveHus TMOCIHEACTBUM M3MEHEHHS KIMMATA U
aaNTalld K HHUM.

HPEIICTaBneHHaH AUCCepTaLMOHHAas paGOTa TMMOCBSIIeHa HCCIIeOBAHUIO

arMOC(hEPHBIX 3aCyX C aKUEHTOM Ha MX [IPOCTPAHCTBEHHO-BPEMEHHYK) H3MEHYHUBOCTD,
(GakTopsl GOPMUPOBAHUS U Oynyliye U3MEeHEeHUs B YCIIOBHUAX INI00OAIBHOTO M3MEHEHHS
KiMMaTa Ha Tepputopun CesepHoro Kazaxcrana. AXTyaJIbHOCTh J@HHOTO HCCIIeOBAHMS
ONPEACIACTCS BO3PACTAIOLIUM BO3NEHCTBUEM 3KCTPEMANIBHBIX KIIMMATHYECKUX SBJIEHUI
Ha PETHOHAJIbHBIC COLMAIBHO-DKOHOMUYECKHE CHUCTeMBI U OCTPOH HEOOXOOUMOCTHIO
pPa3pabOTKH HAay4HO OOOCHOBAHHBIX TMOIXOAOB K MOHMTOPHHIY, aHalu3y Hu
[IPOrHO3WPOBAHUIO 3aCyLINWBEIX ycioBud. CeBepHblii Kasaxctan sBisieTcss OIHUM W3
BRXXHEHIINX 3€PHONPOU3BOASLIMX PErHOHOB CTPaHbl W XapakTepU3yeTcs BBICOKOH
4yBCTBUTEIBHOCTBIO K KIIMMATHYECKUM U3MEHEHHUSM, YTO IOTIOTHUTENIBHO MOI4EPKUBACT
3HAYMMOCTb MMPOBEIEHHOTO UCCIEOBAHNUS.

B nuccepraiyy BBINOJIHEH KOMIUIEKCHBIH aHAIM3 KITMMATHYeCKUX AAHHBIX, IPH 3TOM
0co00e BHUMaHUE yeNeHO CPABHUTEIbHON OLEHKe UHAEKCOB 3aCyLTUBOCTH, YTO UMEET
MPUHLUIHAIBHOE 3HaueHHe N1 3G(EKTUBHOrO MOHMTOPHHIa arMochepHBIX 3acyX.
3HaYUTENBHBIN aKLEHT C/IelaH Ha M3y 4YeHNH XapaKTEePUCTHK U MPOLIECCOB (POPMUPOBAHUS
3aCyX. DBpIsSBIEHbl JOMUHHUPYIOLIME MOAbl  MPOCTPAHCTBEHHOW  KM3MEHYMBOCTHU
aTMOC(EepHBIX 3aCyX W  ONPENENEHBl KIIOYEBBIE KIMMATHYECKUHE IPENUKTOPHL.
[lonyuenHple  pe3yNneTaThl  IEMOHCTPUPYIOT — BBIP@KEHHYIO  MPOCTPAHCTBEHHYIO
HEOHOPOIHOCTH XapaKTePUCTUK 3acyLIIMBOCTH Ha Tepputopun CesepHoro KasaxcraHa,
YTO [I03BOJNUJIO BBIACAUTL TpU OOOCOOIEHHBIX TOAPErdoOHa JUis MOCHEAYOLEero
NeTaIbHOro aHamu3a. Kpome TOro, ¢ MCIHOJIB30BaHUEM METOLOB MAIIMHHOTO O0y4eHHs
paspaGoTana crucTeMa IPOrHO3UPOBAHHS ATMOCHEPHEIX 3aCyX ¢ TOPH3OHTOM MPOTHO32 [0
24 mecsiues.

Iuccepranyonsas paGoTa OTIMYACTCA PANOM BAKHBIX HAYYHBIX DE3yIBTATOB,
KOTOpBIE MOXHO OGOBLIMTH CHETYIOLIAM obpasom: (i) wHmekcel SPI, MCZI u I'TK
ONpeneneHsl Kak Hanbosnee WHGOPMATHBHBIE JUIS OUEHKH 3aCyX B yCIOBHSX CegepHoro
Kasaxcrana ¢ BblpakeHHON CE30HHOM "I}’BCTBHTequI:HOCTth: KPaTKOCPOYHbIE HWHIEKCHI
(SPI-1, MCZI-1) nau6osiee ToKa3aTeNbHbl BECHOH, CPEMIHE- 1 NONTOCPOIHBIE ME/IEKCHI
(SPI-3-9, M(CZI-3-9) neroM, 2 SPI-3 u MCZI-3 ocensio; (ii) ycTaHOBIEHO, YTO
bopmuposanme arMoc(epHBIX 3aCyX B CesepnoM Ka3zaxcraHe B OCHOBHOM OIIpe/IeNAeTCs
KPyIHOMacITaGHEIME  MPKy/ALWOHHBIMA  TpOLEccaMH, Tpu  aToM  Bocrouo-
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ATAaHTHYECKOe xonebanue (EA), Apkruueckas ocuumisiuus (AO) u Cesepo-
ArnaHTHYECKas OCLMILIALAA (NAO) BpicTynaroT B KayecTBe BeLyLIHMX ¢baKTopoB
exrofoBoii meMerdnBocTH uHAekca SPI; (iii) B cooTBeTCTBAM CO CLEHAPHAMH SSP2-4.5
" GSP5-8.5 MPOTHO3MUPYETCs yCUIIEHHE BECEHHMX M JIETHUX 3aCyX K cepenuHe XXI Beka,
[pH 9TOM BECECHHUMH CE30H CTAHOBUTCH HauboJiee KPUTHYHBIM, OCOOEHHO B 3aMaJHbIX U
[eHTpAIBHBIX PafiOHaX PeruoHa; (iv) paspaboTanHas cucTeMa NpOrHO3HPOBAHHA 3acyX Ha
OCHOBE METOZIOB MAILIMHHOTO 00y4eHHs JOCTUTAeT TOYHOCTH N0 87 % B psiie perunoHOB C
yu8TOM AOMHMHUPYIOIIEro KIMMaTHYeCKoro MHIACKCa EA, npu 3TOM OTMeYaeTcs, HTO
NPOTHOCTHYECKHE BO3MOXHOCTH MOJEIIA MOTYT OBITh I0NO/IHUTE/ILHO TOBBILLIEHBI 3@ CUET
BKITIOUEHNsT GOJBIIErO YkciIa KOHTPOIMPYIONUX (HakTopos. B 1enoM Bce MHHOBAIMOHHbIC
pe3y/bTarThl, TOJNYYEHHBIE B JUCCEPTALH, 061a1al0T CyIIECTBEHHOW HAyYHOH H
[PAKTHYECKOH 3HAYMMOCTBIO M MOTYT ObiTh 3((EKTMBHO HMCIONB3OBAHBI /I CHCTEM
paHHETO IIPELYIPEKACHHS O 3aCyXaX ¥ CHIKEHHUs CBA3AHHBIX C HUMH PHCKOB.

CrefyeT OTMETHUTh, YTO B PAMKaX BBIIIONHEHHUS JaHHOH JICCEpTALIMOHHOM paboTh!
Pricamuena JI. C. Mpoxoauia Hay4Hylo CTaKUPOBKY B MIHCTUTyTe ¢usuku arMochepsl,
KAH (Tlexun, Kurait) mox MouM Hay4dHBIM PyKOBOJCTBOM B IIEPHOL C 15 cents6ps no 12
okrss6pst 2025 roma. B Xoje CT@XMPOBKM €10 OBUIM BBITONHEHBI PACHCTRI Oy Iy LLHX
MpoeKIHit arMochepHBIX 3acyX 1o konua XXI Beka Ha OCHOBE ancaMbiis u3 15 Mozerneit
CMIP6, npoleauyux KOPPEKLMIO CHCTeMaTHYeCKUX ommnbok. Kpome TOro, OCHOBHBIE
pe3ybTarhl AUCCEPTALMOHHOTO  MCCIEI0BaHNs ony6IUKOBaHEl B PELEH3UPYEMBIX
Hay4HBIX )XypHaJlax, HHACKCUPYEMbIX B Gasax manubix Scopus u Web of Science

Pricaymesa JI. C. B monHoM o0beMe BBINOJNHMIA BCE MOCTABICHHBIC HayHdHO-
JcclenoBaTelbCKue 3a7avyu, a Leld JHCCEPTAlMOHHOM paboThl OBLIM MOJHOCTBIO
JOCTATHYTHL. B XOIe BBINONHEHHMS HCCICNOBAHNA OHA NpOSBIJIa BBICOKHA YpPOBEHB
Hay4YHOM WHULMATHBBI 1 OTBETCTBEHHOCTH.

Cuyrato, YTO AUccepTalMOHHAA pabota Poicanuesoil JI.C. COOTBETCTBYET BCEM
HeOOXOAMMBIM TPEOOBAHMAM U PEKOMEHIYIO K 3ALLMTC Ha COMCKaHWe CTENEeHH JOKTOpa
dunocopuu (PhD) mo 06pa30BaTeIbHOM MPOrpaMMe 8D05204- «MeTeoposIorusy.
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