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REVIEW

of the foreign scientific advisor Professor Marat Akhmet for the dissertation thesis submitted
by Aisulu Ataniyazova for the degree of Doctor of Philosophy (PhD) in the specialty
8D06102 — Computer Engineering, cntitled «Assessment of soil degradation degree in
Southern Kazakhstan based on remote sensing data and machine leaming methods.»

The dissertation addresses the quantitative assessment and mapping of soil degradation in
Kazakhstan by integrating field measurements and Earth observation data, complemented by
modern machine-learning techniques. In the context of the stated specialty, the work is
presented as an applied, data-intensive study that combines geospatial data pipelines,
predictive modeling, and interpretability components, supported by GIS-based mapping and
spatiotemporal analysis.

Research relevance and problem framing

Soil salinity is internationally recognized as a major factor in land degradation that
undermines crop water uptake, nutrient availability, and overall soil functioning. The
dissertation correctly frames salinization and soil degradation in southern Kazakhstan as a
pressing environmental and agricultural challenge, particularly in irrigated landscapes where
degradation processes can intensify over time. This relevance is strengthened by the author’s
emphasis on the operational need for timely, spatially explicit, and cost-effective
monitoring, which traditional field-only surveys struggle to provide at scale. From an Earth
observation standpoint, the selection of Sentinel-1 SAR and Sentinel-2 multispectral data
aligns with current best practices for monitoring land surface processes: radar adds all-
weather sensitivity to surface properties while multispectral imagery supports vegetation and
soil indices; both missions provide consistent, open-access observations. The dissertation’s
motivation to integrate these sources with field electrical conductivity measurements is
therefore conceptually well aligned with the modem remote-sensing literature on soil
salinity mapping.

Key research achievements

The dissertation evaluates a set of machine-learning and regression algorithms spanning
ensemble boosting and regularized linear models. Site-level results reported in the
dissertation also indicate strong Ridge performance, supporting the author’s conclusion that
relatively “simple™ regularized models can be highly competitive under limited-data
conditions. An important methodologicai strength is the attention 10 model interpretability:
the dissertation applies SHAP-based reasoning to examine the influence of input variables
on model outputs and to support feature set optimization. This improves transparency and
strengthens confidence for operational adoption, where interpretability is often required by
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stakecholders. In addition to point-based predictive modeling, the dissertation presents
salinity/degradation maps for selected study areas and provides a broader spatiotemporal
assessment of salinization-related patterns (seasonal and multi-year), including specific
geographic case studies and anafyses of fnng-rerm vegetminn trends.

Scientific contribution and originality

The dissertation’s novelty is articulated as the development of a quantitative approach to
salinization assessment in southern Kazakhstan, based on combining ground geophysical
measurements with medium- to high-resolution remote sensing data. In particular, the
defended statement emphasizes quantitative prediction of salinization degree (via EC) at
approximately 10 m spatial resolution, and argues that combining radar, optical, relief, and
temperature predictors increases mapping accuracy by about 15% relative to relying on
“traditional” spectral indices alone.

From my assessment, the following aspects constitute genuine scientific and technical
contributions:

First, the work provides a rational, technically sound multisource feature space for salinity
prediction, highlighting the roles of radar texture descriptors and environmental covariates
alongside optical indices, rather than relying solely on a single sensor family.

Second, the comparative modeling component is robust in breadth: by evaluating both
flexible ensemble methods and regularized linear models, the dissertation offers a practically
informative result — namely, that interpretably regularized methods can perform as well as,
or better than, more complex methods in this applied geospatial setting.

Third, the transition from prediction at sampled locations to cartographic products and
spatiotemporal moenitoring adds applied value and demonstrates the author’s ability to
translate model outputs into decision-relevant geospatial insights.

Quality assessment

The dissertation is generally well-structured: it includes a substantive literature review of
SAR and optical methods for soil salinity moniioring, discusses the integration of remote
sensing with machine leaming, and is followed by a methodology/results chapter and a
dedicated spatioternporal assessmeni chapier. The work is ciearly moiivaied, and in iis
applied segments, it is consistent with operational realities such as cloud limitations for
optical imagery, the value of SAR for continuous monitoring, and the necessity of field
calibration for soil salinity proxies. The practical significance is convincingly stated: the
proposed approach relies on open satellite data and can be implemented within agro-
meliorative and environmental monitoring systems fo support targeted interventions
(irrigation/drainage planning, prioritization of degraded zones, and timely identification of
salinity hotspots). This aligns with internationally promoted guidance on soil salinity
monitoring and management, where improved mapping and early warning are seen as
prerequisiies for mitigation.
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Conclusion

In summary, | evaluatc this dissertation as a mature, methodologically sound, and practically
meaningfirl piece of doctaral research situated at the intersection of machine learning,
remote sensing, and applied geospatial analytics.

I conclude that Aisulu Ataniyazova's dissertation meets the core scientific and qualification
requirements typically expected for the award of the PhD degree in the specialty «8D06102
- Computer Engineering», and I recommend it for defense.

Pro arat Akhmet
Foreign scientific advisor
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8D06102 — «KomnbroTep ik HH:KeHepusH» 0l1iM Oepy OarmapaaMachl 00MbIHIIA
PhD nope:kecin asry yuliH YCBIHBLUIFAH
AranusizoBa Aiicyny CajaMaTOBHAHBIH
«Kepai KAMIBIKTBIKTAH 30HATAY JepeKTepi MeH MalIMHAJIBIK OKBITY d/licTepi Heridinae
Ka3akcTaHHBIH OHTYCTITiH/IET] Kep KbIPTHICHIHBIH JerpaJganus JIpeKecin 0arajgay»
TaKbIPbIOBIHAAFbI JUCCEPTALUSIIBIK )KYMBICHIHA HIETEJIIK FhIJIBIMH KeHeCIIiHiH

IIKIPI

Huccepramus KazakcTan aymarblHIaFbl TONBIPAK JCTPANAlMSACHIH CAHIBIK Oaranayra >KOoHE
Kaprorpadusiiayra apHairaH. 3epTTey OanaiblK emmieynepai Kepal KalIbIKTHIKTaH 30HITAY
JepekTepiMeH OipiKTipy Heri3iHae >KYpri3uiim, 3aMaHayd MAaIIMHAJBIK OKBITY oOJiCTepiMEeH
TONBIKTBIPbUIFAaH. benrinenren Oinmim Oepy OarmapiaMachkl asChlHAA >KYMBIC TE€OKEHICTIKTIK
JEpeKTepi OHJCYIIH KEIICH Il KOHBEWepIIepiH, OOKaMIbIK MOMICTBACYl KOHE HOTHIKEIIEPIiH
UHTEPIpETAIMSJIAHYbIH KaMTaMachl3 €TETIH KOMIIOHEHTTepai KaMTuThiH, [AJK-HeriziHmeri
Kaprorpadusiiay KOHE KEHICTIKTIK-YaKbITTHIK TajJlayMEH HETI3JeNITeH KOJIJaHOambsl  opi
PECYPCTBIK TYPFBIIaH KYPAEIi 3epTTey PETiHC CUMATTaIa bl

3epTTeyliH 03eKTijliri :koHe ecenTiH KOWBLIBIMbI

TombIpakThIH TY3aHYbl XallbIKApaJbIK JIEHTeWe NaKbUIIApIbIH Cy CiHipy KaOileTiH, KOPEKTiK
ANIEMEHTTEPAIH KOJDKETIMIUIITIH JKOHE TOMBIPAKTBIH Kbl (PYHKIHOHANJBIK KaFdaiibiH
TOMEHJETETIH JKep JerpaJalMsChbIHbIH HETi3ri (akTopiapblHbIH Oipi peTiHAe MOWBIHIAIFaH.
Juccepranusuiblk  JKyMmbicTa Ka3aKCTaHHBIH OHTYCTITIHJAETrT TONBIPAKTHIH TY3IAaHYbl MEH
Jierpajalmschl, ocipece cyapMaibl arpoiaHamadTTap *KarFaalblHIA yakbIT eTe Kelle Kyleiie
TYCETIH YJAEpICTep PEeTiHAe, ©3€KTI SKOJIOTHUSIBIK JKOHE aybUl IIapyalllbUIbIFbl MOceJecl
TYPFBICBIHAH JIYPBIC HETi3/IeNreH. 3epTTeyAiH ©3€KTUIIr aBTOPABIH KeJeN, KeHICTIKTIK TYPFbIIaH
HAKThl JKOHE SKOHOMHMKAJIBIK TYPFBIJAH THIMAI MOHUTOPUHI SKYPTi3yAlH HPaKTUKAIBIK
KaXETTUIIrH aTamn KepceTyiMeH KyeiTineni, ce6edi AoCTypill TeK JanajblK 3epTTeyiep ayKbIMIbl
ayMakTap/ibl XKyHenl TypAe KaMTyda eKTeyal MyMKiHaikTepre ue. XKepai KalbIKThIKTaH 30HATay
TyprbicbiHaH Sentinel-1 SAR panuonokanusibk JepekTepit xkoHe Sentinel-2 MynbTHCIIEKTpa bl
CypeTTepiH TaHjay >kep OeTl yJepicTepiH MOHHUTOPUHITEYIIH 3aMaHayH O3bIK ToXKipuOernepiHe
coifikec Keneai: paAMOJIOKAMAIBIK TYCIpUIIM aya paiiblHa Toyenci3 OeTKi KacuerTepre
CE3IMTaJIBIKTBl KaMTaMachl3 €TCE, MYJIBTHUCIIEKTPAIIB JEPEKTep OCIMIIK JKOHE TOIBIPaK
WHJCKCTEPIH ecenTeyre MyMKiHIIK Oepemi. Exi muccust na amblK KOJDKETIMAL KoHE KyHeml
Oakputaynap ycbiHanbel. Ocbl nmepekrepal gamanblk diekTpotkisrimTik (EC) emmemaepimen
OIpiKTipy JKOHIHIETl JIUCCePTAlMSAIBIK >KYMBICTBIH FBUIBIMH YyOXi TOMBIPAK TY3JaHYbIH
KalIBIKTBIKTAaH 30H/TAy HETi31H/e KapTorpadusiay calachlHAaFbl 3aMaHayy FRUTBIMU 9JIcONETIICH
TYKBIPBIMAAMAJIBIK TYPFBIJIAH TOJIBIK YiIecei.

KiarTik FpLIBIME KeTicTiKTep
JluccepTalusiblK JKYMbBICTa aHCaMOJIBJIK OyCTHHI allTOPUTMAEP] MEH peryispu3alusiaHFaH
CBI3BIKTBIK MOJAENbAEpAl KAMTUTHIH MAIlMHAIBIK OKBITY JKOHE PETrpEeCcCHsUIBIK SJICTep KeleH1
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OaramanraH. JKekemereH 3epTrey yuwackenepi OoWbIHIIA anblHFaH HOTHWXenep Ridge
PErpecCUsiCBIHBIH KOFapbl THIMIUITIH KOPCETIll, JepeKTep KeJeMi IIeKTeyli XKaraaiiaapiaa
CaJIBICTBIPMAJIBI TYP/IE «KapamnaibiM» peryisipu3alusiiaHFaH MOACTbACPAIH /€ KOFapbl Oocekere
Ka0ineTTi 0ojia amaThIHBI Typalibl aBTOP KOPBITBIHABICBIH HETi3eimi. JKyMBICTBIH MaHBI3IbI
o/liCHaMaJblK apTHIKIIBUIBIFEI — MOJENBJEPIIH HHTEpIpeTalusiaHyblHa epeKIle Hazap
aymapbutysl. Jluccepranusia Kipic allHbIMaIbIIapIbIH MOIETh HOTHIKEIIEPIHE 9CEPiH TaIay KOHE
Oenrijep KUBIHTBHIFBIH OHTaiIaHabpy MakcatbiHaa SHAP-tocinmemeci konmaHbuiFaH. by
HICUTIMICP/IiH AlIBIKTHIFBIH apPTTHIPHII, TPAKTUKAIBIK €HT13y OapbIChIHAA MYIENTI TapanTap YIiH
KU1 Tanam eTUIETIH TYCIHIIPMENUTIKTI KamTamackl3 ereni. Hykremik Oomkay MomeiabicyiMeH
Karap, AUCcepTaIysia TaHdaliFaH 3epTTey ayMaKTaphl YIIIiH TY3[aHy MEH Jerpaialvs KapTraaapbl
JKacaJblll, MAayChIMJIBIK oHE KOIDKBUIIBIK ©3repicTep/li KAMTUTHIH KeHICTIKTIK-yaKbITTBIK Talay
xyprizinren. CoHbIMeH Oipre HaKTbl TeorpadusIIbIK —KeHc-3epTTeyaep KOHE OCIMIIK
JKaMBUIFBICBIHBIH Y3aK MeEp3iMIl JAMHAMUKACHIH Taljay apKbUIbl TY3JaHY YAEpICTepiHIH KeH
AyKBIMJIBI 3aHIBUTBIKTAPBI AHKBIHIAIFAH.

FouibiMu yiiec jKoHe KaHAMBLIABIFbI

JluccepTalusuibIK SKYMBICTBIH FBHUIBIMU >KaHANBIFbI Ka3aKCTaHHBIH OHTYCTITIHJE TOMBIPAKTHIH
TY371aHy JOpPEXKECiH OaraiayIblH CaHIBIK TOCUIIH 93ipJieyMeH Herizneneni. byi tocin kepycrti
reoU3UKaIbIK OIIIeyIepal OpTa XKoHE KOFaphl KEHICTIKTIK pyKcaTTarbl JKep/l KallbIKThIKTaH
30HATAY AepeKTepiMeH OipikTipyre HeriznenreH. Koprayra yChIHBUIFAH HET13T1 TYKBIPHIMAAPIBIH
0ipi — mamameH 10 M KeHICTIKTIK albIpbIMABUIBIKTA 37eKTPpOoTKI3rimTiK (EC) KepceTkilli apKbUIbl
TY37aHy JOpEXKECiH caHIblK Ooipkay MyMKiHAIT.. COHBIMEH Kartap paauoJIOKaIUsIIBIK,
ONTHUKAIIBIK, pPEeNbedTIK >KOHE TeMIepaTypalblK MPEAUKTOPIApAbl OIPIKTIpY TEK IICTYpIl
CHEKTPANIBIK WHACKCTEPre CYHMEHI'eH TACULIEPMEH CAlIbICTBIPFaHAa KapTorpadusuiay IIAIriH
mamameH 15%-ra apTThIpaThiHbl JoseneHenl. baranay HoTHXKeciHe Kerleci OarbITTap HAaKThI
FBUIBIMH YKOHE TEXHUKAIBIK YJI€C PETiHAE KapacThIPbLIAIbL:

bipinmrigeH, xympicTa Ty3/aHyIbl OoJbkayFa apHaliFaH Kemjepekkes3ai (multisource) Oenriiep
KEHICTIT1 FBUIBIMH TYPFBIZIAH HETI3ZENTEeH JXKOHE TEXHUKAIBIK JKaFbIHAaH OPHBIKTHI TYpIe
KaJIBINTACTHIPBUIFaH. PaAHOIOKAIMSITBIK TEKCTYPAIBIK AECKPUTITOPIAP/IbIH )KOHE KOpILIaFaH opTa
afHBIMAITBIIIAPBIHBIH ONTHKAIIBIK HHAEKCTEPMEH Oipre KOJIIaHBLUTYHI Oip FaHa CEHCOp JIepeKTepiHe
TOYEJJIUTIKTI IEKTel, KEIEeHA1 MOJIENbIIK KEHICTIK KypyFa MyMKiHIK Oepei.

Exinmrien, campIiCThIpMaibl MOJETbACY OOiMI OMICTEMENIK ayKbIMbl KaFblHAaH KEH >KOHE
Ma3MyHAbl. Mkemi aHcaMOJIbAIK 9ICTEP MEH perylspU3alusiaHFaH ChI3BIKTHIK MOAENbIACPIl
KaTap Oaranay apKbUIBI JUCCEPTAIUs MPAKTUKAIBIK TYPFBIJAH MAaHbBI3Abl KOPBITHIH/IBI YCHIHABI:
MHTEPIpETAMSIIAHATBIH PeryJspU3alisUlaHFaH MoOJebaAep OyJl KOJJaHOambl T€OKEHICTIKTIK
MIHJIETTE KY€l MOJIeTbEPMEH TEH JACHTI e ie, KeH skaraaiia ofaH /1a >Korapbl HOTHKE KopceTe
anajel.

YuriHmieH, 1pikTenareH HyKTenepaeri OoipkayJaH KapTorpausulbIK eHIMAEpre >KoHe
KEHICTIKTIK-yaKbITTBIK MOHUTOPUHTKE KOIITY KYMBICTHIH KONAaHOATbl KYHIBUIBIFBIH apTTHIPAIbL.
Byn 1OKTOpaHTTHIH MOJIENb HOTHKEEPIH 0acKapyIIbUIBIK MIEIIMIep KaObliaayFa OaFbITTalFaH
TeOKEHICTIKTIK TaJlaMalbIK aKnapaTka TUIMAL TypAe TpaHChopMalusiiai alaThIHBIH KOpCeTe .

7KymbICTBIH canacbIH OaraJjay

JluccepTanusuibIK KYMBIC KYPBUIBIMJIBIK TYPFBIIAH KYHETl doHe Ma3MyHIbl opbiHAanFad. OHja
TOTIBIPAK TY3/JaHYBIH MOHUTOPUHITEYIE PaauoiIoKauusuibiK (SAR) jkoHe ONTHKANBIK 9JIicTepre
apHaJIFaH KeH ayKbIMIbI 9JIe0H IOy OEpiJiir, KAIIBIKTHIKTaH 30H/ITay JIEPEKTEPIH MAITHHAIBIK
OKBITY OJIICTEPIMEH WHTETpaIusiay Mocelenepl >KaH-KaKThl KapacThIpbUIFaH. bynaH keiiH
oJlicHaMa MEH HOTHXKEJepre apHaJfaH Tapay, COH/JAai-aK KEHICTIKTIK-yaKbITTBIK Oaranayra
OarpITTaNFaH jkKeke OeliM YCHIHBUIFaH. JIOKTOpaHT ONTHUKANBIK CYpeTTep YIIiH OYJITTBUIBIK
HIEKTEeYJIepiH, Y3AIKCI3 MOHUTOPUHI Xyprizyneri SAR nepekTepiHiH apThIKIIBUIBIKTAPbIH,
COHJIali-aK TOMBIPAK TY3/AaHYBIHBIH >KaHAMa KOPCETKIIITEPiH KaluOpiey YIIiH JanaibiK
OIIIIIEYJICPIH KAXKETTUTITH eckepreH. by 3epTTeyiH HaKThl OHJIIPICTIK KOHE JKOJOTHSUIBIK



Karmaumapra COMKecTiriH kepceredi. [IpakTWKamblK MaHBI3ABUIBIFBI 1@ JONIENIl  Typle
Heri3enreH. YCBIHBUIFAH TOCLT AaIlbIK CHYTHUKTIK JIEpEeKTepre CcyleHeal >KoHE OHBI
arpoMENIMOPAIMSUIBIK 9pi AKOJOTHSUIBIK MOHUTOPHHT JKYHENepiHIe MaKcaTThl 0acKapyIIbLIBIK
mIemiMaepai Koijay YIIiH eHrizyre 0ojanbl (cyapy JKoHE JpeHax KYWelepiH jKocmapiay,
JerpajalysiiaHFal  ayMaKTapabl OaChIMABIKIICH aHBIKTAy, TY3/IaHy OIIAKTaphIH YaKThUIbI
ailikpiHaay). MyHaaid OarbIT TONBIpAK TY3JaHyblH MOHHTOPUHITEY MEH 0acKapy cajlaChIHIaFrbl
XaIbIKApaJIbIK TOXKIpHOEre CoMKec KeJedli, OHJa JKeTULNIpUIreH KapTorpadusiiay MEH epTe
ECKEepTy KYHesepl alJblH aly >KoHE a3alTy MIapajapblHbIH HEri3Ti aJfbIIIapTTapbl peTiHzae
KapacThIPbLIAIBL.

KopbITbIHABI

XKanmer anraHga, YCHIHBUIFAH —JIMCCEPTAlMSIIBIK KYMBIC MAaIIMHANBIK  OKbITY, JKepai
KAIIBIKTBIKTAH 30HJITAY KOHE KOJAaHOanbl F€OKEHICTIKTIK Tajjjay TOFBICBIHJAFBI diCHAMAIIBIK
TYPFbIIaH KETUITeH, FBUIBIMHU JICHTeHl >KOFaphbl jKOHE MPAKTUKAJIBIK MaHbI3bl alKbIH 3€pTTEy
perinze Oarananaabl. Ocbiran 0alinaHbICThl, AiCcyly ATaHUSI30BaHbIH IUCCEPTALUSIIBIK HKYMBICHI
«8D06102 — KommbloTepik HHXEHEpHs» OinimM Oepy Oarmapiamacel OoiibiHma (uiocodus
noktopsl (PhD) mopexecin amyra KOMBLIATBIH HETI3T1 FHUIBIMHU JKOHE OUTIKTUIIK TajamnTapblHA
TOJIBIK COWKeC KeJleAl JeN €CeNTEeMIH JXKoHEe KOpFayFa YChIHyFa OOJajbl JIel KOPBITHIH]IBI
JKacaliMbIH.

M.F.JI., mpoeccop Mapar Axmer /konbl Oap/
Ilerenaik FEUILIMU KEHECIIIL

/mepi Oap/
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