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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Introduction. Water erosion contributes to soil degradation and
surface-material redistribution in the arid and semi-arid landscapes of the
Semipalatinsk Test Site (STS), Kazakhstan, where natural relief processes interact
with a technogenic legacy. This study evaluates only the topographic component of
erosion potential and does not estimate radionuclide transport or radiological risk.
The aim was to map and quantify the RUSLE LS factor as the first geomorphometric
stage of a broader erosion assessment. Materials and methods. A 30 m ALOS World
3D (AW3D30) elevation model (JAXA) was processed in Google Earth Engine;
slope and LS-factor calculations and cartographic visualization were performed in
ArcGIS 10.8. D8 flow direction and upstream drainage area were obtained from
the ~90 m MERIT Hydro product. The S factor was calculated using McCool et al.
(1987), with slope capped at 26.6° (50%), and the L factor from specific catchment
area following Moore and Burch (1986) and Mitasova et al. (1996). No local
calibration or field validation was applied. Results. Across 18,367 km?, mean slope
was 2.5° + 2.6°, and 91.3% of the territory had slopes below 5°. LS values ranged
from 0.07 to 5784.10 (mean 3.25); extreme values occurred at isolated channel
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confluences because contributing flow length was not capped. Very low and low
LS classes occupied 65.2% of the territory, whereas high and very high classes
(LS > 5) covered 11.9%, mainly in the Degelen and Murzhik massifs and along the
principal ephemeral drainage network. Conclusions. The LS map shows relative
spatial contrasts in topographically controlled erosion potential and provides a
basis for field verification and subsequent full RUSLE modeling. Absolute values
should be interpreted cautiously because the equations were not recalibrated for
local arid conditions, the workflow combines 30 m terrain and ~90 m hydrography
data, and small technogenic landforms are not resolved. Linking these patterns to
137Cs, Pu and other radionuclides requires contamination-density and soil-loss
data and remains a separate stage of future research.

Keywords: LS factor, RUSLE, topographic erosion potential, digital elevation
model, GIS analysis, Semipalatinsk Test Site, relief morphometry
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Annoramus. Ozexminiei. Cy sposuscel Cemeli ceiHaK monmuroHbHBIH (CCIT)
apuAaTi ’KOHE ceMHapHATI JaHamadTapblHIa TONBIPAK AETPadaluschl MEH XKep
0eTi MarepualbIHBIH KaiTa OeliHyiHe BIKMAT eTelli, MyHaa TaOuru xep Oemepi
yaepicTtepi y3aK Mep3iMIi TEXHOTEHIIK OCepMEH yIracansl. byn skymbicTa
APO3HSUIBIK QNEYETTIH TeK TomorpadusuiblK KypaMmjaac Oeiri OaraliaHaibl;

257



ISSN 2224-5278 5.2026

PAAMOHYKIHMATEP/IH TachIMANJAHYbl MEH pPaJUOJOTHSIBIK KAyill —TiKeleu
MonenbaeHOeini. 3eprreynin makcatsl - RUSLE mopmeninin LS-hakropbiH keH
AyKBIMJIBI PO3HSITBIK OaFaliay/IbIH allFallKbl reoMOp(HOMETPHUSIIBIK K€3€HI peTiHIe
KapTaFra TYCipy JKoHe CaHJBIK Oaranay. Mamepuandap men a0icmep. KeHICTIKTIK
axpIpareiMabUTbIFEl 30 M ALOS World 3D (AW3D30) 6uikrik moxeni (JAXA)
Google Earth Engine opraceiana eHnenmi; eHic men LS-¢dakropasl ecenrey xoHe
kapTorpadusielk Busyanm3anus ArcGIS 10.8. OarmapmamacbiHmna OpBIHIANBL.
D8 arpiH OaFbITBI MEH JKOFaphl OpHANACKaH Cy JKMHAY ayJaHbl IramameH 90
M axsbipareiMabuIbikTaFbl MERIT Hydro nepekrepinen anbiHzabl. S-daxrop
McCool et al. (1987) Goiipramia enicti 26,6°-ka (50%) AeiiH MIeKTey apKbIIbI,
an L-daxtop Moore and Burch (1986) »xone Mitasova et al. (1996) Ooiibiama
YJIECTIK Cy JKMHAy ayJlaHbl Heri3iHme ecenrenmi. JKeprimikri kamuOpiey MeH
JATaIBIK BaJIMIAIIMS KYPTi3iiareH koK. Homuowcenep. 18 367 xmM? aymakrTa opTaiia
eHic 2,5°£2,6° 6omnbl, an aymakTeiy 91,3%-b1H1a eHic 5°-Tan TemeH. LS mormepi
0,07-nen 5784,10-ra npeiiiH e3repii, oprama MoHI 3,25; 3KCTpeManasl MOHAEP
aFrbIH Y3BIH/IBIFBIHA KOFAPFBI IIEK KOWBUIMAFaHBIKTaH Cy apHaJapbl TOFBICATHIH
JKEKeJIeTeH THuKcenaepae Oalkanael. OTe TeMeH koHe TeMeH LS wximacrapsl
ayMaKTbIH 65,2%-bIH, KOFaphl KoHE oTe Koraphl kiactapsl (LS > 5) 11,9%-b1H
KaMTH/IBI;, oNlap HeriziHeH JlereneH jxoHe MypiKbIK MAaCCUBTEPIH/IE KOHE HETI3Ti
yakpITIIa Cy apHajapbl OOWBIHIA INOFBIpIAHFaH. Kopwvimwuinovl.. LS xapracel
TomnorpausIMEeH aHBIKTAIIATHIH 3PO3HUSIIBIK QJIEYETTIH CABICTBIPMAIIbl KeHICTIKTIK
alBIPMAIIBUIBIKTAPBIH KOPCETIN, AallayblK TeKcepy MeH Kelinri Tonblk RUSLE
MOJIeNb/IeyiHe HeTi3 Oomajbl. AOCONIOTTIK MOHAEPAl YKePTUTIKTI KalIuOpIieyIiH
O0onmaybiHa, 30 M xoHe mamameH 90 M AepekTepliH Oipiecin KOoNIaHbLTybIHA
JKOHE YCaK TEXHOTEHJIK >kep Oeepi HbICAaHMApPBIHBIH KopiHOeyiHe OalIaHBICTHI
CaKTBHIKIEH TYCIHAIpY KakeT. AHBIKTanFaH 3aHIbUTBIKTapael 137Cs, Pu xoHe
0acka paguOHYKIUATEPMEH OalIaHBICTBIPY YINIH JIACTaHY THIFBI3IABIFEI MEH
TOTIBIPAK JKOFATYBl Typajibl JIEPEKTEp KaKeT KoHe Oyl KeHiHTi 3epTTeynepiaiH
JKEKe Ke3eH1 00BN Ta0bLUIAIbI.

Tyiiin ce3mep: LS-daxrop, RUSLE, Tomorpadusuiblk 3pO3MsUIBIK OJIEYET,
mudprbik Oouiktik mogeni, [AX-tangay, Cemeil ChIHAaK IOJUTOHBI, kep Oemepi
Mop]oMeTpUsIChI
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AHHOTamusl. Bseedenue. BomHas 3po3us sBIIETCS OJHUM U3 (DAKTOPOB
Jerpajlallid MOYBEHHOTO TIOKpPOBAa M TepepacipesieleHusl MOBEPXHOCTHOIO
MaTepuaiga B apHIHBIX M CeMUapuaHbX JaHmmadrax CeMUnanmaTHHCKOTO
ucneitarenboro mnojurona (CHUII), rme ecrecTBEHHBIE IPOIECCHI Pebedo-
00pa3oBaHMA COUYECTAIOTCA C IOCIEACTBUSIMH JJHUTEIBHOTO TEXHOTEHHOTO
BozzeiicTBus. OmeHKa TPOCTPAHCTBEHHON WM3MEHYHMBOCTH TOMOTPA(UIECKOTO
9PO3UOHHOTO TMOTEHIMAIa MPEICTAaBIsIET 0COOYI0 3HAYMMOCTH JUIsl BBISBICHUS
TEePPUTOPHH, TOTSHIINATIHLHO TTOABEPKEHHBIX DPO3NOHHBIM Mporieccam. HacTosmiee
WCCIIE/IOBAaHUE OTPAHMYHMBACTCS aHAIM30M TOMOrpadUueckord COCTaBISIONICH
9PO3MOHHOTO MOTEHIMAJa W HE IPeAyCMaTpuBaeT HENOCPEICTBEHHOIO
MOJICTMPOBAHMS TIEpEeHOCa PATUOHYKIUAOB W OICHKH PaINOIOTHIECKOTO
pucka. [lenrs. BpIMomHUTH KapTorpadUpoBaHWE U KOJIMYECTBEHHYIO OICHKY
tonorpadmueckoro ¢akropa LS wmomemm RUSLE kak mnpemBapuTeanHOTO
reoMop(oMeTprueCcKoro dTana KOMIUICKCHOW OLEHKH 3PO3MOHHBIX MPOIECCOB
Ha Tepputopun CeMHUITaJaTHHCKOTO HCIBITaTeIhbHOTO MONUTOHA. Mamepuaisi
u memoObl. B KadecTBe OCHOBHOTO HCTOYHHKA MPOCTPAHCTBEHHBIX TAaHHBIX
ucrnonp3oBaHa I1udposas woxenb Beicor ALOS World 3D (AW3D30),
pazpaboTtanHas SIMOHCKMM areHTCTBOM adpPOKOCMHYECKHX  HCCIIETOBAHHN
(JAXA), c¢ mnpoctpancTBeHHbIM paspemenueM 30 ™. IlpensapurenbHas
o0paboTKka JMaHHBIX BBINIONHEHA B oOnauHoW Tutatdopme Google Earth Engine.
Pacuer yxkiioHoB, Tomorpaduueckoro ¢akropa LS u kaprorpaduyeckas
BHU3yalM3alsl pe3yiIbTaTOB OCYLIECTBISJIUCh B HporpaMMHoil cpeae ArcGIS
10.8. st ompeneneHusT HApaBIeHUH TOBEPXHOCTHOTO CTOKA 1O anroputMmy D8
Y IUIOMIAJM BBIMIENIEkKAIIEro BogocOopa ucnosb3oBanbl ganubie MERIT Hydro

259



ISSN 2224-5278 5.2026

C TIPOCTPAHCTBEHHBIM pasperieHneM okono 90 m. Pacuer daxrtopa KpyTH3HBEI
ckioHOB (S) mpoBoamica o metonuke McCool et al. (1987) ¢ orpannueHuem
yKJoHa 110 26,6° (50 %), a ¢akTopa mmHb ckiIoHOB (L) — Ha ocHOBe yaenbHOU
IJTOMIAIN BoAgocOopa B cOOTBETCTBHH ¢ moaxomamu Moore and Burch (1986) u
Mitasova et al. (1996). JlokanbHas KaJMOpOBKAa MOJEIU U IOJIEBas MPOBEpKa
MOJTyYEeHHBIX PE3yJAbTaTOB HE MPOBOIMINCE. Pesynvmamel. YCTaHOBIICHO, YTO Ha
HccleAyeMoi TeppuTopuu Tuiomanasio 18 367 km? cpenHuid YKIOH MTOBEPXHOCTH
cocTtaiser 2,5 + 2,6°, npu 3toM 91,3 % TeppuTopun XapakTepusyercs yKIOHaMHU
MeHee 5°. 3Hadenus Tomorpaduueckoro dakropa LS Bapeupyrorcs ot 0,07
no 5784,10 mpu cpemHeM 3HaYeHUU 3,25. DKCTpeMalbHO BBICOKHE 3HAYCHUS
MIPUYPOYCHBI K OTACIHHBIM ITUKCEIISIM B MECTaX CIHSHIS BOAOTOKOB, YTO CBA3aHO
C OTCYTCTBHEM OTPaHMYCHHS MAKCUMAaJIbHON JJIMHBI CTOKA B PACYETHOW MOJICITH.
OuyeHb HU3KUHN U HU3KHUM Ki1acchl 3HaueHuil LS oxBareiBaiot 65,2 % uccienyemoi
TEPPUTOPHH, TOT/Ia KaK Ha JIOJIIO BBICOKOTO M OY€HBb BBICOKOTO KitaccoB (LS > 5)
npuxonutcst 11,9 %. YuacTku ¢ NOBBIILICHHBIMHA 3HAYEHUSIMHU TONIOTpadUueCcKOro
(hakTOpa MPENMYIIECTBEHHO COCPEAOTOYCHBI B MaccuBax Jlerenen n Mypkuk,
a TakXe BJIOJb OCHOBHBIX BPEMEHHBIX BOIOTOKOB. Bbi600wi. PazpaboranHas
KapTa TPOCTPAHCTBEHHOTO pacmpesenenus Ttomnorpaduyeckoro dakropa LS
OTpakaeT OTHOCHUTEIbHBIEC PA3IUYMs S3PO3MOHHOTO MOTEHIINaja, 00yCIOBICHHBIE
0COOEHHOCTSIMU penbeda, K MOKET CITY>KUTh OCHOBOH JIJIs1 ITOCIEAYIOLIEH OJIeBOM
MIPOBEPKH W KOMILIEKCHOTO MOJEIMPOBAHMS BOJHOW SPO3HWH C HCIIOIB30BAHUEM
momenu RUSLE. MWutepnperanms abcomoTHBIX 3HadeHudd LS tpebyer
OCTOPOXHOCTH BCJIEJICTBUE OTCYTCTBHS JIOKATHHON KaTMOPOBKHU, UCTIOTH30BaAHUS
MIPOCTPAHCTBEHHBIX JAHHBIX C pa3InYHbIM pazperienneM (30 1 okono 90 M), a Taxoke
OTPaHWYEHHBIX BO3MOXKHOCTEW BBISABICHUS MEIKOMACIITA0OHBIX TEXHOTECHHBIX
dbopm penbeda. OmeHKa BO3MOXKHOW CBS3U BBISBICHHBIX IPOCTPAHCTBEHHBIX
3aKOHOMEpHOCTel ¢ mepepacnpenenenuem '*’Cs, uzoronoB Pu u apyrux
PaAMOHYKIHIOB TpeOyeT MPHUBIEUCHUS TOTIOTHUTEIBHBIX JAHHBIX O TIOTHOCTH
PaZMOaKTUBHOTO 3arpsI3HEHHS M BEIMUMHAX TIOTEPh MOYBHL. [laHHOE HanpaBieHHEe
paccMaTpuBaeTCs Kak CaMOCTOSATENBHBIN 3Tall JaIbHEHIIINX UCCIICOBaHUN.

KawueBbie caoBa: LS-dpaxrop, RUSLE, Tomorpaduyeckuit 3po3noHHBIN
noreHnuan, Iudposas ™oxenab BbicoT, [MC-amamm3, CemMunamaTuHCKUAN
HCIIBITATEIHHBINA TTOJIMTOH, MOPGOMETPHS penbeda.

Introduction. According to contemporary approaches to erosion process
modeling, the Revised Universal Soil Loss Equation (RUSLE) remains one of
the most widely applied empirical models for estimating soil loss caused by water
erosion (Renard etal., 1997). Within the RUSLE framework, the topographic factor
LS (slope length and steepness factor) plays a fundamental role in determining
erosion potential, as it reflects the influence of terrain morphology on runoff
accumulation and flow velocity (Panagos et al., 2015; Mitasova et al., 1996).

The LS factor integrates two components: slope length (L factor), which
represents the distance from the point of surface runoff initiation to the location of
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deposition or channelized flow, and slope steepness (S factor), which characterizes
the inclination angle of the terrain surface (Renard et al., 1997; McCool et al.,
1987). An increase in slope length promotes the accumulation of surface runoff
and enhances flow velocity, thereby significantly increasing the erosive capacity
of overland flow (Liu et al., 2000).

Recent studies have demonstrated the effectiveness of using digital elevation
models (DEMs) in combination with geographic information systems (GIS) for
calculating the LS factor at various spatial scales (Michalopoulou et al., 2022).
The spatial resolution of a DEM has a substantial impact on the accuracy of
morphometric parameter extraction and, consequently, on the resulting LS-factor
values (Wu et al., 2005; Konyrbekov, 2015; Fijalkowska, 2021). Higher-resolution
DEMSs enable a more detailed representation of terrain variability and improve
the identification of erosion-prone areas, particularly in landscapes characterized
by complex topography (Zhang et al., 2017). Previous studies in Kazakhstan
have also confirmed the effectiveness of remote sensing and GIS approaches for
environmental assessment and land degradation analysis (Rafikov et al., 2024).

A variety of methodological approaches to LS-factor calculation have been
proposed in the scientific literature. Among the most widely applied are the GIS-
based procedures developed by Desmet and Govers (1996), as well as the two-
dimensional approach introduced by Mitasova et al. (1996), which accounts for
upslope contributing area and flow accumulation. Comparative analyses indicate
that although different computational algorithms may influence absolute LS values,
the overall spatial patterns of erosion susceptibility remain consistent (Seitkazy et
al., 2024; Kazybayeva et al., 2014; Panagos et al., 2015).

Figure 1. Location of the Semipalatinsk Test Site and Its Main Experimental Areas.

261



ISSN 2224-5278 5.2026

The LS factor is only one component of the RUSLE model (A =R x K x
LS x C x P). Accordingly, the present study is deliberately limited to the
topographic control on erosion potential as the first geomorphometric stage
of a broader assessment. Throughout this paper, “erosion potential” refers to
relative topographic susceptibility inferred from LS, not to measured soil loss
or radiological risk. Estimating soil loss and radionuclide redistribution requires
the remaining RUSLE factors (R, K, C, P), contamination-density data and field
validation, which are outside the scope of the present work (Renard et al., 1997).

The aim of this study is to quantify and map the topographic component of
erosion potential (LS factor) across the Semipalatinsk Test Site and to identify
areas requiring subsequent field verification and integration with complete RUSLE
and contamination datasets

Materials and Methods. The Semipalatinsk Test Site (STS) is located in the
northeastern part of the Republic of Kazakhstan. The study area is characterized
by a highly dissected terrain with elevation values ranging from 200 to 600 m
above sea level. Regional climatic conditions promote the development of
water erosion processes: a continental climate with uneven annual precipitation
distribution, intensive spring snowmelt, and convective summer rainfall create
favorable conditions for surface runoff generation (Zhang et al., 2023).

The territory is subdivided by a dense network of temporary watercourses and
shallow depressions through which meltwater and rainfall runoff are transported.
A well-developed gully—ravine system represents one of the major challenges for
sustainable land use in the region. Rugged relief, pronounced elevation differences,
and the predominance of sloping surfaces contribute to the active formation and
expansion of the erosion network.

The primary elevation dataset was the ALOS World 3D-30m (AW3D30) global
digital surface model (JAXA), with an approximate spatial resolution of 30 m
(Fig. 1). The elevation data were processed in the Google Earth Engine cloud
platform (Gorelick et al., 2017). AW3D30 is derived from ALOS PRISM stereco
imagery (Tadono et al., 2014). Alternative global DEMs, such as ALOS PALSAR,
have also been used for morphometric assessments in post-nuclear landscapes
(Mukaliyev et al., 2026). The 30 m resolution provided complete coverage of the
18,367 km? STS territory while retaining regional-scale terrain detail.

DEM spatial resolution is a critical factor in LS-factor estimation, as the level
of terrain detail directly affects the accuracy of slope length and slope steepness
calculations (Wu et al., 2005). The use of high-resolution DEMs enables more
precise identification of geomorphological features and improves the assessment
of erosion potential, particularly in areas with complex relief (Fijalkowska, 2021;
Michalopoulou et al., 2022).

The workflow combined Google Earth Engine and ArcGIS 10.8. Elevation-data
preparation was performed in Google Earth Engine, whereas slope calculation,
integration with the MERIT Hydro layers, LS-factor computation and final
cartographic visualization were performed in ArcGIS 10.8.
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Step 1. Hydrographic Data Preparation.

Flow direction and flow accumulation were obtained from the MERIT
Hydro global hydrography product (Yamazaki et al., 2019; ~90 m / 3 arc-second
resolution), which is hydrologically conditioned at the global scale. Slope was
computed independently from the 30 m AW3D30 elevation data. The use of 30
m terrain data together with ~90 m hydrography constitutes a mixed-resolution
workflow and is treated as a source of uncertainty in the Discussion.

Step 2. Slope Calculation.

Slope gradients were calculated using the Spatial Analyst Tools module,
resulting in a slope map expressed in degrees (Fig. 2). Surface slope is a key
parameter controlling runoff velocity and represents the main input for the
S-factor component of the RUSLE model. According to RUSLE methodology, the
influence of slope steepness on erosion intensity is described by different equations
depending on slope magnitude (McCool et al., 1987; Renard et al., 1997).

Step 3. Flow Direction Analysis.

Flow direction was obtained from the MERIT Hydro D8 flow-direction layer
(Yamazaki et al., 2019), in which the direction of water movement from each cell
to one of its eight neighboring cells (Fig. 3) has already been determined from a
hydrologically corrected DEM. The D8 approach is widely applied in hydrological
modeling and LS-factor estimation within GIS environments (Desmet & Govers,
1996; Panagos et al., 2015).

Step 4. Flow Accumulation Calculation.

Flow accumulation, expressed as the upslope drainage area contributing to
each cell, was likewise obtained from the MERIT Hydro upstream-drainage-
area layer and converted from km? to m?. Flow accumulation is directly related
to slope length and serves as the fundamental input for calculating the specific
catchment area used in the L-factor of the RUSLE model (Foster & Wischmeier,
1974; Desmet & Govers, 1996; Mitasova et al., 1996).

Step 5. LS-Factor Computation.

The S-factor was calculated from the 30 m slope raster using the two-branch
equation of McCool et al. (1987), after capping slope at a maximum of 26.6°
(50%) to keep the calculation within the range adopted in regional RUSLE
implementations (Panagos et al., 2015). The L-factor was calculated from the
specific catchment area following Mitasova et al. (1996) and Moore and Burch
(1986):

S =10.8-sinf + 0.03 (tanf < 0.09);

S =16.8-sinf — 0.5 (tanP > 0.09) (1a)
L=(As/22.13)"0.4 (1b)
LS=LxS (1c)
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where: As (specific catchment area, m? per m of contour width) is the MERIT
Hydro flow accumulation divided by the cell size (30 m);

0.4 is the fixed L-factor exponent following Moore and Burch (1986) and
Mitasova et al. (1996);

B is the slope angle, capped at a maximum of 26.6° (50%) to stay within the
empirically validated range of the McCool et al. (1987) equation;

22.13 m represents the standard slope length adopted in the USLE/RUSLE
framework (Renard et al., 1997);

0.09 is the tanf threshold separating the two branches of the McCool et al.
(1987) S-factor equation.

This formulation combines the specific-catchment-area approach to slope
length (Mitasova et al., 1996; Moore & Burch, 1986) with the empirically validated
S-factor of McCool et al. (1987), and is applicable to landscapes with converging
flow paths and complex topography (Zhang et al., 2017).

Results. Morphometric Characteristics of the Relief. Analysis of the 30 m
AW3D30 elevation data shows that the Semipalatinsk Test Site is predominantly
a gently undulating steppe plain, punctuated by several isolated low-mountain
massifs - most notably Degelen and Murzhik - where local relief and slope
steepness are markedly higher than in the surrounding terrain. Absolute elevations
across the territory range from approximately 200 to 600 m a.s.l., with local
elevation contrasts of up to 300-350 m within and around these massifs. These
massifs, historically associated with underground nuclear testing at the STS, form
the principal loci of topographically driven erosion potential identified in this
study.
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Figure 2. Slope map.
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The slope map (Fig. 2) shows that the study area is overwhelmingly flat to
gently sloping: the mean slope is 2.5° + 2.6° (range 0 - 56.5°), and 91.3% of the
territory has a gradient below 5°. Only 2.2% of the territory exceeds 10°, and
these steeper gradients are spatially concentrated within the Degelen and Murzhik
massifs and along a small number of dissected valley systems, rather than being
broadly distributed across the polygon (McCool et al., 1987; Liu et al., 2000).
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Figure 3. Flow direction.

The flow direction map (Fig. 3), derived from the MERIT Hydro D8 layer
(Yamazaki et al., 2019), reveals a well-organized runoff pattern controlled by
relief morphology. Dominant flow pathways follow the orientation of major
erosional depressions and the low-mountain massifs, indicating structural control
of surface runoff organization. Zones of flow convergence spatially coincide with
areas of increased erosion potential, which is consistent with, but does not by itself
validate, the relationship between terrain configuration and runoff concentration
processes (Panagos et al., 2015).

The calculated LS-factor values range from 0.07 to 5784.10, with a mean
value of 3.25 (Fig. 4). Although the mean is modest, the distribution is strongly
right-skewed (SD = 14.24): extreme values are confined to isolated pixels at the
confluence of ephemeral drainage channels, where flow accumulation was not
truncated at a maximum contributing length.

For visualization and relative spatial ranking, LS values were grouped into five
LS classes. These classes describe the topographic component only and should not
be interpreted as absolute erosion-rate or radiological-risk categories:
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— Very low (LS < 1.0) - 36.6% of the territory (6,713.6 km?), corresponding to
the flat interfluve areas of the steppe plain;

— Low (LS =1.0-2.0) - 28.6% (5,256.7 km?), gently sloping terrain adjoining
the plain;

— Moderate (LS =2.0-5.0) - 22.9% (4,214.0 km?), transitional zones bordering
the low-mountain massifs and larger drainage lines;

— High and very high (LS = 5.0-10.0 and LS > 10.0) - a combined 11.9%
(2,182.5 km?), concentrated within the Degelen and Murzhik massifs and along
the principal channels of the ephemeral drainage network, where slope length and
steepness jointly maximize runoff energy.
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Figure 4. Spatial distribution of the LS factor (relative topographic erosion-potential classes).

Extreme LS values (>100), confined to a small number of pixels at major
channel confluences, reflect the unconstrained growth of flow accumulation
with drainage area rather than typical hillslope conditions; they should not be
interpreted as representative erosion rates but as markers of major concentrated-
flow pathways requiring targeted field verification.

The mean LS value (3.25) exceeds the European average of 1.63 reported
by Panagos et al. (2015), but the difference is far less pronounced than a
simple comparison of maxima would suggest. This moderate excess reflects
the concentration of steep, high-relief terrain within the Degelen and Murzhik
massifs against an otherwise flat steppe background, together with the effect of an
uncapped flow-accumulation term on local maxima.

Comparative analysis with previous studies conducted for Western Kazakhstan
(Seitkazy et al., 2024), based on a 30 m elevation model, indicates broadly
similar orders of magnitude for typical (non-confluence) LS values, although
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direct numerical comparison is limited by differences in flow-routing algorithms
and in whether a maximum contributing length was imposed. Methodological
comparisons indicate that different computational approaches may change absolute
LS magnitudes, whereas the main spatial pattern - concentration of high-LS areas
in steeper massifs and major drainage pathways rather than uniform distribution
across the plain - remains comparatively stable (Desmet & Govers, 1996; Mitasova
et al., 1996).

The reliability of LS estimation is controlled by elevation/hydrography
resolution and by the flow-routing method. In this study, slope was derived from 30
m AW3D30 elevation data, while flow direction and upstream drainage area were
obtained from the coarser (~90 m) MERIT Hydro product. This mixed-resolution
approach enabled full-territory coverage but is a source of uncertainty and should
be refined in future work using a single, locally processed, hydrologically corrected
elevation model (Wu et al., 2005).

Although the D8 algorithm provides stable and reproducible results, it simplifies
multidirectional runoff processes. Nevertheless, its application remains widely
accepted for regional LS-factor assessment (Panagos et al., 2015).

The generated cartographic database provides a geospatial framework for:

— prioritizing field verification in the high and very high LS classes (LS > 5);

— integrating LS-based topographic zoning with site-specific technogenic and
contamination datasets;

— subsequent full RUSLE-based soil-loss modeling;

— targeting areas for long-term monitoring of erosion and landscape-degradation
processes.

Discussion. The LS-factor values obtained in this study (0.07-5784.10; mean
= 3.25) exceed those reported for most European territories on average, though
the comparison is sensitive to how extreme, channel-confluence values are treated.
According to the pan-European assessment by Panagos et al. (2015), the mean
LS-factor value for the European Union is 1.63, with maximum values reaching
up to 99 under a capped flow-length approach. Even in mountainous regions such
as the Alps and Pyrenees, average LS values rarely exceed 3.0. The Semipalatinsk
Test Site (STS) therefore shows a moderately elevated, spatially concentrated
topographic erosion potential rather than a uniformly high one. Similar GIS-
based studies at the Semipalatinsk Test Site have demonstrated the applicability
of DEM-derived morphometric indicators for assessing erosion-related landscape
characteristics (Mukaliyev et al., 2026).

Comparable LS ranges have been reported for Western Kazakhstan (0-244)
using a 30 m elevation model (Seitkazy et al., 2024). The much higher maximum
obtained here (5784.10) is attributable to the absence of a maximum flow-length
threshold in the present workflow, which allows LS to increase strongly at major
channel confluences. Applying a maximum contributing-length threshold, as used
in regional-scale LS implementations (Panagos et al., 2015), should be tested in
future work to reduce this artifact and improve comparability of absolute values.
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The influence of DEM spatial resolution on LS-factor estimation has been widely
documented. Wu et al. (2005) demonstrated that coarser DEMs tend to smooth
slope gradients and enlarge contributing areas, resulting in systematic distortions
of LS values. Similarly, Fijalkowska (2021) showed that high-resolution datasets
significantly improve the identification of microtopographic variations and
localized erosion hotspots, and improve the representation of drainage networks
in complex terrain. In the present study, the mixed-resolution combination of 30 m
elevation data and ~90 m hydrography likely smooths part of the local variability.
Future work should therefore use a single, locally processed, higher-resolution and
hydrologically corrected elevation model where feasible.

The selection of the LS-factor calculation method critically influences model
outcomes. In this study, the L-factor was calculated from the specific catchment
area following the approach of Moore and Burch (1986) and Mitasova et al.
(1996), combined with the empirically validated S-factor equation of McCool
et al. (1987) applied within its valid range (slope capped at 26.6°). Alternative
GIS-based approaches, such as the fully two-dimensional method of Desmet and
Govers (1996), which explicitly incorporates flow-direction geometry, are also
widely used and may better capture flow convergence in complex terrain.

Although absolute LS magnitudes may vary with algorithm choice and flow-
length treatment, previous comparative studies indicate that the broad spatial
pattern of topographic erosion potential can remain relatively stable (Desmet &
Govers, 1996; Seitkazy et al., 2024). For the STS, the specific-catchment-area
approach highlights the Degelen and Murzhik massifs and the main drainage
pathways as areas of elevated LS; these areas require field verification rather than
direct interpretation as measured erosion rates.

The high LS-factor values observed within the STS are primarily controlled by
several key morphometric parameters:

Slope steepness. Although steep slopes (exceeding 15 - 20°) occupy only a
small fraction of the STS (about 2.2% of the territory has slopes above 10°), they
are precisely the areas, mainly within the Degelen and Murzhik massifs, where LS
values peak. According to McCool et al. (1987), increasing slope steepness from
9% to 20% can result in a 2-3-fold increase in erosion intensity, consistent with
the concentration of high-LS pixels in these massifs.

Slope length. Extended slope segments (locally exceeding several kilometers)
promote runoff accumulation and energy concentration. The relationship between
slope length and soil loss has been theoretically established within the RUSLE
framework (Renard et al., 1997), and the present results confirm that the highest
LS values coincide with zones combining long slopes and steep gradients.

Vertical relief dissection. Elevation differences of up to 300—350 m within and
around the Degelen and Murzhik massifs create significant gravitational potential
energy, enhancing runoff acceleration and erosive capacity. Similar relationships
between relief dissection and erosion intensity have been reported for mountainous
environments (Liu et al., 2000).
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Hydrological connectivity. Dense networks of ephemeral watercourses enhance
flow convergence and linear erosion development, particularly under storm-driven
precipitation events.

The continental climate of the region may further amplify relief-controlled
runoff processes. Seasonal snowmelt and high-intensity convective rainfall
create conditions favorable for rapid surface runoff generation (Zhang et al.,
2023). Therefore, areas with elevated LS values should be treated as priorities
for subsequent field-based erosion assessment under high-runoff conditions rather
than as direct estimates of soil degradation.

The study has several limitations.

First, flow direction and upstream drainage area were obtained from the
~90 m MERIT Hydro global product rather than derived locally from the 30 m
AW3D30 elevation data. This mixed-resolution approach does not explicitly
represent microrelief elements such as anthropogenic barriers or small-scale
runoff interruptions, which may locally modify effective slope length (Panagos et
al., 2015).

Second, the D8 algorithm simplifies multidirectional flow processes. Although
widely accepted for regional LS modeling, alternative multi-flow algorithms may
improve hydrological realism (Panagos et al., 2015).

Third, LS-factor modeling provides a static representation of topographic
erosion potential and does not incorporate temporal variability in rainfall erosivity
or vegetation cover.

Fourth, the absence of field-based erosion measurements limits direct validation
of modeled LS values. Future integration with RUSLE factors R, K, C, and P
would allow for quantitative soil loss estimation.

Fifth, flow accumulation was not truncated at a maximum contributing
length, so LS values at major channel confluences reach extreme and likely non-
representative magnitudes (up to 5784.10). Testing a maximum contributing-length
threshold, consistent with regional-scale LS implementations such as Panagos et
al. (2015), is required in the next iteration of the model.

Site-specific factors and radionuclides. The LS factor describes only the
topographic component of water-erosion potential and does not by itself
characterize the redistribution of radionuclides (137Cs, 239+240Pu and others)
within the site. Lateral transfer of radionuclides depends on soil loss (R, K, C and
P factors), on the distribution of contamination density across the test areas and on
zones of deposition; these data were not used here. The present LS map is therefore
regarded as the first, geomorphometric stage of a wider assessment, and its link
to radionuclide transport should be examined in further work by combining LS/
soil-loss maps with contamination-density data. Technogenic landforms of the site
(nuclear explosion craters, spoil heaps and embankments, roads and infrastructure
of test areas) were also not mapped separately. At the resolution used here (30
m DEM / ~90 m hydrography), smaller features are not resolved, and closed
depressions such as craters may be masked or removed by the pre-conditioning of
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the hydrography product, which can distort flow paths and effective slope length.
Vectorizing these features and masking them or incorporating them into a locally
processed DEM is a necessary next step.

Equation calibration. The S-factor (McCool etal., 1987) was applied with slope
capped at 26.6° (50%) to keep the calculation within the range used in regional
RUSLE applications (Panagos et al., 2015); slopes exceeding this threshold occur
on less than 1% of the territory. The L-factor exponent (m = 0.4), taken from
Moore and Burch (1986) and Mitasova et al. (1996), was applied without local
recalibration for the arid and semi-arid conditions of the STS, and no maximum
flow-length threshold was imposed. Because the L-factor exponent is sensitive to
the balance between rill and interrill erosion and because flow accumulation was
left uncapped, absolute LS values - particularly extremes at channel confluences
- are less reliable than the overall spatial pattern. They should therefore be
interpreted as relative indices of topographic erosion potential, not as absolute
soil-loss estimates. Local calibration against field evidence, including erosion
features or 137Cs-derived soil redistribution, together with a flow-length cap and
comparison with alternative formulations (Desmet & Govers, 1996), is required
for further refinement.

From a land-management perspective, areas with LS > 5 - concentrated in the
Degelen and Murzhik massifs and along the main drainage pathways - should
be treated as priority zones for field verification and subsequent integrated
erosion assessment. The LS layer can support environmental planning only when
interpreted together with the remaining RUSLE factors, site-specific technogenic
features and, where relevant, contamination data.

Conclusion. This study provides a spatially explicit assessment of the
topographic component of erosion potential (LS factor) for the Semipalatinsk Test
Site using 30 m AW3D30 elevation data and ~90 m MERIT Hydro flow-routing
information. Elevation-data processing was performed in Google Earth Engine,
while slope and LS-factor calculations and final map preparation were carried
out in ArcGIS 10.8. The workflow combines the McCool et al. (1987) S-factor
with the specific-catchment-area L-factor of Mitasova et al. (1996) and Moore
and Burch (1986), providing a reproducible regional-scale geomorphometric
framework while retaining the limitations described above.

The calculated LS values (0.07 - 5784.10; mean = 3.25) show a strongly spatially
concentrated pattern. The highest values occur in the Degelen and Murzhik low-
mountain massifs and at confluences of the ephemeral drainage network, where
flow accumulation was not capped at a maximum contributing length. Accordingly,
extreme LS values are interpreted as indicators of concentrated topographic flow
pathways rather than direct measures of erosion rate.

Approximately 11.9% of the territory falls within the high and very high LS
classes (LS > 5). These zones should be prioritized for field verification and
for integration with the remaining RUSLE factors before soil-loss estimates
or management measures are derived. The mixed-resolution workflow (30 m
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elevation data and ~90 m hydrography) remains an important source of uncertainty
to be reduced in follow-up work.

The thematic maps of slope, flow direction, flow accumulation and LS
factor establish a geospatial basis for subsequent full RUSLE modeling and
for comparison with site-specific technogenic and contamination datasets. The
present results therefore represent a geomorphometric screening stage rather than
a complete assessment of soil loss or radionuclide redistribution.

Overall, the results demonstrate the usefulness of combined cloud and desktop
GIS processing for regional-scale morphometric assessment across a large and
partially inaccessible territory, while emphasizing the need for locally calibrated,
higher-resolution data to refine absolute LS values and to resolve the technogenic
landforms of the Semipalatinsk Test Site.
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