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M3y4yeHO BAUSIHME CBOMCTB IIOYB HA IPEAPACIIONOXKEHHOCTb K OBPCKHOM 9PO3UM B TPEX PAAMYHBIX reoMopdorornyeckux paioxax Hure-
puu: Ha nmaaro A6yAxd, B XOAMUCTOM ob6aacTu MipaHpe u B 6acceitHe OryH-OiyH. Bce YRA3AHHBIE TEPPUTOPUM HAXOAATCS B 30HE OAHOPOAHOI'O
pexXMMAa OCAAKOB. C MOMOIIBIO METOAA KAQCCHUPUKRALIMM CAYIAHBIA AeC» (Random Forest, RF) ¥ NOYBEHHBIX XAPAKTEPUCTUK, U3BACUYEHHBIX
MCKAIOYUTEABHO U3 6a3bl AGHHBIX SoilGrids, MPOBEeAEH AHAAM3 TOro, KAK GU3MKO-XMMMYECKMEe CBOMCTBA IOYB POPMUPYIOT NMPOCTPAHCTBEHHbIS
PA3AMYKUA B PA3BUTUM OBPAroB. AMHAMMKA OBPAroO6pAa30BAHMA 3a Itepuop ¢ 2000 rro 2025 rop AeéMOHCTPUPYET CYLIEeCTBEHHOe PAcCIUMpeHne
OBPCIKHOM CETH HA BCEX YYACTKAX: OOIIAs IMAOIIAAL OBPArOB YBEAMYUAACH 60naee yeM Ha 500% B 6acceiHe OryH-OuiyH 1 Ha naaro A6Gyaxa.
CpeaM OLIeHEHHBIX ITOYBEHHBIX IAPAMETPOB KAIOYEBbIMM IMPEAMKTOPAMM BO3HMKHOBEHMS OBPATOB OKA3AAMCE COAEPKAHME IIECKJ, COAEPKAHNE
T'AMHBI, COOTHOIIIEHME [TECKA M TAMHBI. OTH [TePEMEHHbIE ITOKA3AAY HAMO6OABIIINME 3HAYEeHNUST BAXKHOCTH IPpu3HAKOB (0,15—0,27). [IoYBeHHbI Oopra-
HU4eckuit yraepop (SOC) Takke BHEC YMEePEHHbI BKAGA B KOYECTBO MOAEAH, YTO YKA3BIBAET HA €ro CTAGMAM3UPYIOLIlee BAUSTHME HA CTPYKTYPY
ro4uBbl. Mopean RF IIpoOAE€MOHCTPUPOBAAM BhICOKYIO IIPOTHOCTUYECKYIO TOYHOCTD (Fl-score = 0,88; AUC = 0,79), TOATBEPAMB HAAEXKHOCTD IIPOTHO-
3UPOBAHMS HA OCHOBE 'PAHYAOMETPUYECKOro COCTABA MOYB B FeTEPOreHHbIX AQHAIIAPTAX. AHAAMS ITPOCTPAHCTBEHHOM M3MEHYMBOCTH M HEO-
IIPEeAeAEHHOCTH ITOKA3AA, YTO NNATTEPHbI IIPEAPACIIOAOKEHHOCTU K OBPAroo6pasoBAHMIO B 60AbIIIEH CTEIIEHM ONPEAEASIIOTCSI HEOAHOPOAHOCTBIO
IPAHYAOMETPUYECKOro COCTABA, A He CUCTEMATHUYECKOM OIIMOKON MOAeAH. B 1IeAOM Pe3yALTATbI MCCASAOBAHMSI CBMAETEABLCTBYIOT O TOM, YTO
TIOYBBI C 60Ae€e rPY6bIM IPAHYAOMETPUYECKMM COCTABOM M HU3KMM COAEPKAHMEM NOYBEHHOIO OPraHMYECKOro yraepoad (SOC) cuabHee nopsep-
3XEeHbl O6PA30BAHMIOOBPArOB. DTO MOAYEPKUBAET HEOO6XOAMMOCTD LIeACHANIPABASHHON OXPAHBI IIOYB U YIIPABACHUS PACTUTEABHBIM IIOKPOBOM
B 6acceifHAxX, CKAOHHBIX K 9po3uu. Pa60TA NOATBEPKACGET KAIOUEBYIO POAL COCTABA ITOYB B GOPMUPOBAHUM AMHAMUKYM OBPATrOO6pPA30BAHMS U
TIIPEAAAraeT OCHOBAHHYIO HA AGHHBIX METOAOAOTMYECKYIO PAMKY AASI CHMIKEHMST PETMOHANBHOTO PUCKA 3PO3UM.
Knroueswie cnosa: ospasicnas sposus, ceoticmea nous, SoilGrids, Hueepus, oucmanyuonnoe 30H0uposanue, 3pooupyemocns noys, 2eouH-
Gopmayuonnvie cucmemvi
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This study investigates the influence of soil properties on gully erosion susceptibility across three distinct geomorphic settings in Nigeria: the
Abuja Plateau, the Idanre Hills, and the Ogun-Oshun Basin, all of which are located under a uniform rainfall regime. Using Random Forest (RF)
classification and soil attributes derived exclusively from the SoilGrids database, the analysis evaluates how physicochemical soil characteristics
shape spatial variations in gully development. Gully dynamics between 2000 and 2025 reveal a substantial expansion across all sites, with the total
gully area increasing by over 500% in the Ogun-Oshun Basin and the Abuja Plateau. Among the soil variables assessed, sand content, clay content,
and the sand-clay ratio emerged as dominant predictors of gully occurrence, accounting for the highest feature importance values (0.15-0.27).
Soil organic carbon (SOC) also contributed moderately to model performance, suggesting its stabilising influence on soil structure. The RF models
achieved strong predictive accuracy (F1-score = 0.88; AUC = 0.79), confirming the robustness of soil-texture-based prediction across heterogeneous
landscapes. Spatial variability and uncertainty analyses further indicated that textural heterogeneity largely governs susceptibility patterns rather
than model bias. Overall, the findings demonstrate that coarser-textured, low soil organic carbon (SOC) soils are more prone to gully initiation,
highlighting the need for targeted soil conservation and vegetation management in erosion-prone basins. The study reinforces the central role of
soil composition in shaping gully evolution and provides a data-driven framework for mitigating regional erosion risk.
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1. BBepeHuue

OBpaykHast 3p03us IOBCEMECTHO MPHU3HAETCS OTHOH U3
HanOosee cepbE3HBIX POPM JIerpasay 3eMeilb B MUPO-
BoM Macitabe. OHa MPUBOAUT K 0OPa30BAHUIO TITYOOKUX
MIPOMOUH, (PparMeHTHPYIOMNX JaHAIIA(TH, U yIaJIEHUIO
TIJIOJTOPOJTHOTO CJIOS TIOYBBI M CO3/1a€T yrpo3y KU3HEe-
SITEIBHOCTH HaceseHus. [IoMUMO JTOKaIbHBIX MOCIEICT-
BH, OBpary BHOCAT CyIIECTBEHHBII — U MPUTOM HEIPO-
MTOPIUOHAIBHO OOJIBIION — BKJaJ B yBEIWYCHUE CTOKA
HaHOCOB, YXY/IIIEHNE Ka4eCTBa BOABI U JeTPaallhI0 IKO-
cucteM [1, 2]. AKTyanbHOCTB MPOOJIEMBI 32 MOCIIETHHE
JIBa JICCSITUIICTUSI IPUBJICKJIA BHUMaHUE HCClleoBaTemei
BO BcéM mupe. [Ipu aTom dakTopsl, 00yCIIOBINBAIOIINE
pa3BHUTHE OBPAroB, OCTAIOTCS KpailHe M3MEHYUBBIMH U
crienu(UYHBIMU JUJISI Ka)KI0T0 KOHKPETHOTrO y4yacTka. Mx
(hopMupoBaHHE ONIpenesIeTCs CIOKHBIM B3aUMOJIEHCT-
BHEM KJIMMAaTHYECKHX, TeOMOP(OIOrHUECKUX, TOUYBCH-
HBIX ()aKTOPOB M 0COOEHHOCTEH 3eMIIeTIONb30BaHus [3, 4].

B Adpuke oBpakHasi 5po3ust MPECTABIISIET COOOH 3Ha-
YUTEIBHYIO 9KOJOTHYECKYIO M COLMAIbHO-9KOHOMHYE-
CKy10 yrpo3y. CoBpeMeHHbIC OIICHKH KOHTHHEHTAJIBHOTO
Macitada, BBITIOJIHEHHBIE ¢ TPUMEHEHHUEM JIUCTaHIHOH-
HOTO 30HJMPOBAHUS U METOAOB MallMHHOT'O OOy4YeHUsI,
1oKasaji, 4To Ha aQpUKaHCKOM KOHTHHEHTE pacrpo-
CTpaHeHbl OOMINpPHBIE OBpakHbIE ceTH. OCOOEHHO ATO
XapaKTEpHO JUISl BJIAKHBIX U CyOT'YMHUJIHBIX PErHOHOB,
/e MHTEHCHBHBIE OCAJKH COYETAIOTCS C HEYCTONYUBEI-
MU MOYBaMHU U UHTEHCUBHBIM 3€MJIETIOJIL30BAHUEM [5, 6].
B roxxHOl yactn AGpHKH HCCIIe0BaHUS TTPEPacoio-
JKEHHOCTH K OBParooOpa3oBaHUIO CBHUJIETEIBCTBYIOT O
TOM, YTO, XOTSI SKCTPEMaJIbHbIE OCAaJKH WHULHUPYIOT
3apOo’K/ICHUE OBPAroB, X JaJbHEHIIee pacinpocTpaHe-
HHE B 3HAYMTEJILHOW CTENEHH ONpeesieTcs] BHYTPeH-
HUMH CBOHCTBAMU ITOYB U OCOOCHHOCTSMU penbeda [7].
AHaAJIOTUYHO, UCCIIeAOBaHUs B 3anaqHol Adpuke moka-
3BIBAIOT, YTO BBIPYOKa JIeCOB, ciaabasi CTpyKTypa IOoYB 1
CTPOUTEIBCTBO JOPOT YCKOPSIIOT 00pa3oBaHHE OBPAroB.
DTO MMeeT cepbhE3HbIE MOCIEACTBUS ISl POAYKTHBHO-
CTH CEJIbCKOT'O X031CTBa U HHPPACTPYKTYPHI CEIBCKUX
TeppuTopuit [8].

Hurepust BXOAUT B YKCIIO CTPaH, UCIBITHIBAIONIUX Ha-
nbosiee OCTpBIEC MOCIEICTBHS JTAHHOTO Tporiecca. MHo-
TOYMCIICHHBIE HCCIIEIOBAHUS (UKCUPYIOT TPEBOXKHBIC
TEMIIBI POCTa OBPAaroB B FOTO-BOCTOYHBIX M FOJKHO-LIEH-
TPaJBHBIX IITATaX, IJ€ CTPEMHUTEIbHAs ypOaHu3amus 1
obesneceHne ycyryousror mpoodiemy [9—11]. MHorospe-
MEHHOE€ KapTorpagupoBaHHE OBPArOB BBISBUIIO TEMIIbI
WX PACIIMPEHUs OT HECKOJIBKHUX JO JECSITKOB METPOB B
roJl. 3TO HEPEIKO MPUBOIUT K: IIOTEPE CEIBCKOXO3SHICT-
BEHHBIX YTOAHUH, pa3pylICHUIO KHIBIX JOMOB U JOPOT,
BBIHY KJICHHOMY IT€PECEICHUIO IETbIX HACEIEHHBIX Ty H-
kToB [12, 13]. IIpu 3TOM, HECMOTpPS Ha ECSITUIIETUS HUC-
ClIeZIOBaHUM, COCPENOTOYCHHBIX TPEUMYIIECTBEHHO Ha
POJIM OCAJIKOB, COXpaHSETCs 3aMeTHasi BApHaOEIIbHOCTD B
Pa3BUTHH OBPAroB IPH CXOIHBIX KJIMMAaTHYECKUX YCIJIO-

Busix. [locnennne nccienoBanus, npopeaéHHble B Hu-
TepuH, MOKa3bIBAIOT: MTOYBBI C BRICOKHM COJIEPKAHHEM
MIBLIN, HU3KUM COZIEp’KaHHEM OPTraHMYeCKOr'o BEIeCTBa
1 c1aboi arperaTHoi yCTOHYNBOCTBIO 3HAUUTEIHHO 00-
Jiee MO/IBEP’KEHBI OBICTPOMY Pa3BUTHIO OBPAroB IO CPaB-
HEHHIO C COCEHUMH y4YacTKaMH, I/I€ MMOUBBI 00J1aat0T
OoutkIieit CBA3HOCTHIO [14—16]. DTH JaHHBIC CBHACTEIb-
CTBYIOT O TOM, YTO TIOYBEHHBIE XapaKTEPUCTHUKH — HENI0-
CTAaTOYHO M3YYEHHBIH, HO KPUTHYECKH BaXKHBIHN (akTop,
OTpeNeIIIONINiI JMHAMHUKY OBparoodpa3oBaHusl.

OnHako KOJIMYECTBEHHAs OIEHKA B3aMMOCBS3U MEX-
Jly CBOMCTBaMU IMOYB U Pa3BUTHEM OBPAroB 3a4acCTYIO 3a-
TpyAHEHA U3-3a CII0)KHOCTH U BBICOKOM CTOMMOCTH cO0opa
TTOJIEBBIX JJAHHBIX Ha MHOXKECTBE y4acTKOB. B »Toii cBsI3M
1 poBEIE METOBI KapTOrpapupOBaHMS ITOYB IIpeIJIara-
10T aJlbTepHaTHBHOE penieHue. OHM T03BOJISIOT MOJyYaTh
COTJIACOBAHHBIC OIIEHKH TaKHWX XapaKTEPUCTHUK, KaK Irpa-
HYJIOMETPHUUYECKUH COCTaB, CO/lEp)KaHNE OPraHMIECKOTO
yrieponaa u 00beMHasl INIOTHOCTD, Ha OOIIMPHBIX TEPPHU-
Topusix [17, 18].

B pamkax JaHHOTO HCCIIeTIOBaHMS JaHHBIE O CBOMCTBAX
ITOYB OBLITH U3BJICUCHBI U3 TNI00ATBHOM 0a3bl TaHHBIX Soil-
Grids v2.0 (ISRIC), mocTyn K KOTOPO# OCYIIECTBIISICS
uyepes maatdopmy Google Earth Engine (GEE). Ota 6aza
MpEA0CTaBIsICT CTAHAAPTU3NPOBAHHYIO TIOYBEHHYIO UH-
(opmanuro, Mosy4eHHy10 Ha OCHOBE MOJIEJIeH MalTMHHO-
ro 00y4YeHHs ¥ TaApMOHU3NPOBAHHBIX TOYBEHHBIX HAOJIIO-
neHnii. Takne HAOOPBI JaHHBIX MO3BOJISIIOT HCCIICOBATh
CBSI3U MEK/ly CBOHCTBAMHU ITOYB ¥ YPO3HOHHBIMH ITPOILEC-
caM¥ B JIaHAIA(QTHBIX U PETHOHAJBHBIX MaclITadax, B
TOM YHCJIE B TEX CIydYasiX, KOr/ia IpoBeIeHUEe TPpaauin-
OHHBIX ITOJIEBBIX UCCIIEIOBAHUH HEBO3MOXKHO.

Taxum 06pa3om, 1eb TAHHOTO UCCIIEIOBAaHUSI — OlIe-
HHUTH POJIb CBOMCTB IOYB B Pa3BUTUN OBPAXKHOM APO3UHU
Ha TpEX yuacTKax, HaXOSIINXCS B 30HE OJTHOPOTHOTO pe-
’KMMa OCaJIKoB. B pamkax nccienoBaHus mpeanoiaraeT-
cst: (1) kaprorpadupoBarh U KOJTUYECTBEHHO OIICHUTH JTH-
HaMHUKY OBpaykHOM 3po3uu 3a nepuon ¢ 2000 no 2025 rox;
(2) u3BIEYHL M OXapaKTepH30BaTh CBOWCTBa 1MouB; (3)
YCTaHOBHTH CBSI3b M@Ky NTOUBEHHBIMHU MIEPEMEHHBIMHU
U MOKa3aTesIsIMU OBparooOpa3oBaHus; (4) OICHUTH Ba-
prabeTbHOCTh U HEOMPEISIEHHOCTh B3aUMOCBSI3EH «I10-
4yBa — OBpar»; (5) MHTEPIPETUPOBATH OOIIYIO POJIb TIOYB
B OOBSCHEHHH TPEAPACIIOIOKEHHOCTH K OBparooopaszo-
BAaHUIO IIPU OJTHOPOJTHOM PEKHUME OCAIKOB.

1. Introduction

Gully erosion is widely recognised as one of the most
severe forms of land degradation worldwide, producing
deep incisions that fragment landscapes, remove fertile
topsoil, and threaten human livelihoods. Beyond local
impacts, gullies also contribute disproportionately
to sediment fluxes, water quality deterioration, and
ecosystem decline [1,2]. The urgency of this problem has
drawn global research attention over the past two decades,
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yet its drivers remain highly variable and site-specific,
reflecting the interaction of climatic, geomorphic, soil,
and land-use factors [3,4].

Across Africa, gully erosion represents a significant
environmental and socio-economic hazard. Recent
continental-scale assessments using remote sensing and
machine learning have revealed that Africa is home
to extensive gully networks, particularly in humid
and sub-humid regions, where high-intensity rainfall
combines with fragile soils and intensive land use [5,6].
In southern Africa, susceptibility studies highlight that
while extreme rainfall initiates gullying, intrinsic soil and
terrain conditions largely govern where gullies expand
[7]. Similarly, West African studies demonstrate that
land clearing, weak soil structure, and road development
accelerate gully initiation, with severe consequences for
agricultural productivity and rural infrastructure [8].

Nigeria is among the countries most critically affected.
Numerous studies document the alarming growth of
gullies in southeastern and south-central states, where
rapid urbanisation and deforestation exacerbate the
problem [9-11]. Multi-temporal mapping of gullies has
revealed expansion rates ranging from a few meters to tens
of meters annually, often leading to the loss of farmland,
destruction of houses and roads, and displacement
of entire communities [12,13]. Yet despite decades of
rainfall-focused explanations, notable variability persists
among gullies that receive similar climatic inputs. Recent
Nigerian studies indicate that soils with high silt content,
low organic matter, and poor aggregate stability are far
more susceptible to rapid gully advance than adjacent
landscapes with more cohesive soils [14-16]. This evidence
suggests that soils are an underexplored yet critical factor
in shaping gully dynamics.

However, quantifying soil-gully relationships has often
been constrained by the difficulty and cost of collecting
field soil data across multiple locations. Digital soil
mapping initiatives now offer an alternative, providing
consistent estimates of soil properties such as texture
fractions, organic carbon, and bulk density across
large areas [17,18]. In this study, soil property data
were extracted from the global SoilGrids v2.0 database
(ISRIC), which delivers standardised soil information
derived from machine learning models and harmonised
soil observations. These datasets enable the testing of
soil-erosion linkages at landscape and regional scales,
particularly where traditional field campaigns are not
feasible.

The aim of this study is therefore to evaluate the role of
soil properties in driving gully erosion across three sites
under a uniform rainfall regime. Specifically, the study
will (i) map and quantify gully erosion dynamics between
2000 and 2025, (i) extract and characterise soil properties,
(iii) relate these soil variables to gully metrics, (iv) assess
variability and uncertainty in the soil-gully relationships,

and (v) interpret the broader role of soils in explaining
susceptibility under uniform rainfall.

2. MaTepudanbl ¥ METOABI
2.1. PamoH nccaepAOBAHUMN
HccnenoBanne mpoBoamiIock B Tpex nanamadrax Hu-
repun: miato AOyka, XonMbl Maanpe u 6acceiiH pex
Oryn-OmyH (Puc. 1-3). DT y4acTkn ObLIIM BBEIOpaHBI
ITOTOMY, YTO ITPEJCTABIISIIOT TeOMOP(OIOrHIECKH Pa3HO-
POJZIHBIE CPEbl, HO NMEIOT OOIINI PeXHUM OCaJTKOB, YTO
MIPEAO0CTABIISIET BO3MOXXHOCTB OIIEHUTB POJIb CBOMCTB I10-
YBBI B Pa3BUTHH OBPKHON 3p03UN 0€3 MEIIAIOIIETO BIIN-
STHUSI KJTMMaTHYECKON M3MEHYNBOCTH. BMecTe oHM Takke
MOAYEPKHUBAIOT DKOJIOTUUECKYIO U COLIUAIBHO-KOHOMHU-
YECKYI0 BaXKHOCTb OOpBOBI € 3po3ueil, IOCKOIbKY KaK-
JIBIH y9acCTOK CTAJIKHUBACTCS C MPOOIEeMaMu JeTpalaiii
3€Mellb, YIPOKAIOIHUMHU CEJIbCKOMY XO3SHCTBY, MOCEIe-
HUSIM U HTHPPACTPYKTYpE.

2. Materials and Methods
2.1, Study Area

The research was carried out in three landscapes in
Nigeria: the Abuja Plateau, the Idanre Hills, and the
Ogun-Osun River Basin (Fig. 1-3). These sites were
selected because they represent geomorphologically
diverse environments but share a common rainfall regime,
thereby providing an opportunity to evaluate the role
of soil properties in driving gully erosion without the
confounding influence of climatic variability. Together,
they also emphasise the environmental and socio-
economic importance of erosion control, as cach site
faces challenges related to land degradation that threaten
agriculture, settlements, and infrastructure.

2.1.1. ITnamo Abyosca

ITnato AOymka pacIioioKeHO B IICHTPAJbHON YacTu
Hurepun (Puc. 1), npubnusurensHo mexay 8°50" c.mr. u
9°30" c.ur., u 7°00' B.1. u 7°40" B.A. Tepputopus xapak-
TEPHU3yEeTCsI BO3BBIMICHHBIM PEIbe)OM C OCTPOBHBIMH
ropamMu (MH3eJIbOEpraMu), pacuJICHEHHBIMU paBHUHAMH
Y BOJIHHUCTBIMHU XOJIMaMH, MOJICTUJIAEMBIMH B OCHOBHOM
TPAaHUTHBIMU U MUTMaTUTOBBIMU THelicamu [19]. Brise-
TPUBaHUE ITHUX MOPOJ MPUBOAUT K 0Opa30BaHUIO TEC-
YaHBIX T0YB, CHUJIBHO TOJBEPKEHHBIX dPO3UM IPU Ha-
PYUIEHUH PACTUTEIBHOTO MOKpoBa. KimMar Bia>kKHBIHI
TPONUYECKHUH, C OJJHUM BBIPAKEHHBIM CE30HOM JOXKICH
C arpe’s 1o OKTIOPh U CyXUM CE30HOM C HOSOpsI 1o MapT.
l'ogoBoe KOIMYECTBO OCAAKOB B CPEHEM COCTABISIET
1200-1500 MM, OOBIYHO OHH BBIMAJAIOT B BHUJC KOPOT-
KUX, MHTEHCUBHBIX JuBHeH [20]. beicTpas ypOanuzanus
Ha TeppuTopun PenepabHON CTOTUYHOM 00JIaCTH YCKO-
puia 1erpajaluio 3eMellb, C/IeIaB MIaTo ropsgdei TouKon
JUISL pa3BUTHS OBparos [21].

Cornacno knaccupukanuu BcemupHoii pedeparus-
HOW 0a3bl mouBeHHBIX pecypcoB (WRB), npeobnanaro-
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A TOYBEHHBINW MOKPOB 1u1aTo AOymka IpeacTaBIeH
JICTITOCOJISIMU, PETOCOJISIMU U (eppaTbCoIsIMUA, KOTOPbIE
COUETAIOTCS C AKPHUCOISIMHU HAa HUKHHUX YaCTSIX MPEATo-
pUil U CKIOHAX PEUYHBIX AOJHH. JlemToconu u peroconu
MIPUYPOYCHBI K MEJIKOBOAHBIM KaMEHHUCTHIM BO3BBIIIICH-
HOCTSIM M CKaJINCTBIM MH3EIb0epram, Iie nNouyBoodpaso-
BaHWE OTPAaHWYCHO YCTOHYMBBIMH KOPEHHBIMH ITOPOJa-
My GpyHIaMeHTa. DeppaabCcoi U aKpUCOJIH, HAIIPOTHB,
MIPEJICTABISIIOT COOOH TITyOOKO BBIBETpPENbIC JIATEPUT-
HBIE TIOYBBI, PaCIPOCTPaHEHHBIE HA MOJIOT0-BOJTHUCTHIX
MMOBEPXHOCTSIX MJIATO. DTH CUIBHO OKHMCIIEHHEIE, 0Oora-
MEHHBIE JKEJIE30M MOYBEHHBIE MPOMHIIN XapaKTepH3y-
FOTCSl HU3KOM KaTHOHOOOMEHHOH CIIOCOOHOCTBIO U Clia-
00l CTPYKTYpPHOU YCTOHUYHMBOCTEHIO. BeencTBre 3TOro
OHU MOABEPKEHBI UHTEHCUBHON 3PO3UU IPHU yNATCHUU
3alIUTHOTO PACTUTEIBHOIO MOKPOBA.

2.1.1 Abuja Plateau

The Abuja Plateau is situated in north-central Nigeria (Fig.
1), approximately between 8°50'N and 9°30'N, and 7°00'E
and 7°40'E. The area is characterised by elevated terrain
with inselbergs, dissected plains, and undulating hills,

underlain primarily by granitic and migmatite gneiss rocks
[19]. Weathering of these rocks produces sandy soils that are
highly erodible when vegetation is disturbed. The climate is
humid tropical, with a unimodal rainy season from April to
October and a dry season from November to March. Annual
rainfall averages 1,200-1,500 mm, typically delivered by
short, intense storms [20]. Rapid urban expansion in the
Federal Capital Territory has accelerated land degradation,
making the plateau a hotspot for gully development [21].

According to the World Reference Base for Soil
Resources (WRB) classification, the dominant soils of
the Abuja Plateau comprise Leptosols, Regosols, and
Ferralsols, occurring in association with Acrisols on
the lower pediments and valley flanks. The Leptosols
and Regosols occupy shallow, stony uplands and rocky
inselbergs where resistant basement rocks limit soil
formation, while the Ferralsols and Acrisols are deeply
weathered, lateritic soils found on the gently undulating
plateau surfaces. These highly oxidised, iron-rich profiles
exhibit low cation-exchange capacity and weak structural
stability, predisposing them to severe erosion once the
protective vegetation cover is removed.
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Puc. 1. Kapta pacnonoxenus nnato Abyaxa.
Fig. 1. Location map of the Abuja Plateau.
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2.1.2. Xoamsbl Upanpe (mrat OHxo)

Xonmel nanpe pacnosioxkeHbl Ha roro-3anaae Hure-
puu (Puc. 2), B mrrate OH10, B ipenenax mupoT ot 6°40’
c.ur 10 7°10" c.u1. u goarot ot 5°00" B.A. 10 5°15' B.A. OTOT
NepecedeHHbIN TaHAmadT COCTOUT U3 KPYTHIX TPAHUT-
HBIX MH3EJIbOEProB U I'Psi/l C BBICOTAMH, ITPEBBIIAIOIIINMHI
900 M [22]. MaioMOIIIHBIE TOYBBI U KPYThIE€ YKJIOHBI CHO-
COOCTBYIOT OBICTPOMY ITOBEPXHOCTHOMY CTOKY BO BpEeMsI
JIOKJeH, a paCTUTEIBHOCTH ITPEICTaBIEHa B OCHOBHOM
HHU3MEHHBIM TPONMHUYECKUM JiecoM. OmHaKo pacmmpe-
HHE CEJILCKOTO XO3SHMCTBA M 3aCEJICHUE TEPPUTOPUNA BO-
Kpyr ropoaa Mnanpe mpuBeiIu K CBEICHUIO JIECOB U 00-
HaxxeHHIo nouB. Ha Tepputopuu Beimagaet 15002000
MM OCaJIKOB B I'OJl C TUKaMH B HIOHE-UIOJIC U B CEHTAOpe
[23]. OBparu B 3TOM pailoHe, Kak NpaBUJIO, MEHBIIIE 1O
pa3mMepam, HO C KPYThIMU CKJIOHaMHU [24], 4TO oTpakaeT
BIIMSTHUE CKJIOHOBOW THIPOJIOTHH.

CorutacHo knaccudukanuu BeemupHoit pedepaTnBHOi
6a3pl mouBeHHBIX pecypcoB (WRB), mouBeHHBIH TOKPOB
x0aMoB M taHpe MpenMyieCTBEHHO MPEICTABIICH JICIITO-
COJISIMH M PETOCOJISIMU. DTH TOYBBI IPUYPOUYEHBI K KPY-
THIM CKQJIMCTBIM CKJIOHAM W BEpIIMHAM XOJIMOB, I'71€ MOIII-

HOCTB ITOYBEHHOT'0 POt MUHUMAJIbHA, 3 MATEPUHCKAs
nopoyia (TpaHMT) BBIXOAHUT Ha MOBEPXHOCTh. Ha HIKHUX
YaCTSX MPEIrOPUH 1 MOJHOKHUAX JOTMHHBIX CKJIOHOB IITH-
POKO pacmpocTpaHeHbl KaMOucoIu 1 akpucoiu. Ouu dpop-
MHUPYIOT c1ab0pa3BUTHIE U CPEITHEBBIBETPEIIBIE MTPOpUIIH,
c(hopMHPOBABIIHECS B YCIOBHIX BIAKHOTO TPOITHYECKO-
ro kamuMara. B okpy»karomux HU3MEHHOCTSIX U MEXXO0J-
MOBBIX TIOHIIKEHHSIX BCTpedatoTcs Ooiee riry0oKue, Xopo-
10 CTPYKTYpPUPOBaHHBIE (peppaibcoi U HUTHCOIH. st
HUX XapaKTEepHBI: IPOYHAsl arperaTHasi CTpyKTypa, Kpac-
HOBaTasi OKPACKa U HU3Kas HACBIIIEHHOCTh OCHOBAHUSIMHU
— NIpU3HAKH, TUITMYHBIE 1151 MHTEHCUBHO BBIBETPEIBIX
TPONHUYECKUX MOUYB. Takoe MPOCTPAaHCTBEHHOE BapbUPO-
BaHUE IOYBEHHOI'0 IIOKPOBA OTPaykaeT TECHOE B3aUMOJEH-
CTBHE TONOTpa(yu, INTOJIOT MU U CTEIICHU BEIBETPUBAHUS
B npesenax nanamadra Mnanpe.

2.1.2 Idanre Hills (Ondo State)

The Idanre Hills are located in southwestern Nigeria
(Fig. 2), within Ondo State, bounded by latitudes 6°40'N
to 7°10'N and longitudes 5°00'E to 5°15'E. This rugged
landscape comprises steep granitic inselbergs and ridges,
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Puc. 2. Kapta pacnonoxenus xonmos Upanpe.
Fig. 2. Location map of the Idanre Hills
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with elevations exceeding 900 m [22]. Shallow soils and
steep gradients promote rapid surface runoff during
rainfall events, while vegetation is derived mainly from
lowland rainforest. However, agricultural expansion
and settlement activities around Idanre town have led to
deforestation and soil exposure. The area receives 1,500-
2,000 mm of annual rainfall, with peaks in June and
July, and again in September [23]. Gullies in this area
are typically smaller but steep-sided [24], reflecting the
influence of slope-driven hydrology.

According to the World Reference Base for Soil Resources
(WRB) classification, the soils of the Idanre Hills are
predominantly Leptosols and Regosols, occurring on the
steep, rocky hill slopes and summits where soil depth is
minimal and the parent material is exposed granite. On
the lower pediments and valley footslopes, Cambisols and
Acrisols are common, representing weakly developed to
moderately weathered profiles formed under humid
tropical conditions. Surrounding lowlands and inter-hill
depressions host deeper, well-structured Ferralsols and
Nitisols, characterised by strong aggregation, reddish
colouration, and low base saturation typical of intensely
weathered tropical soils. This spatial variation reflects
the close interaction between topography, lithology, and
degree of weathering across the Idanre landscape.

(mroBucony u raeiiconn. OHM TPUYPOUYCHBI K COBPEMEH-
HBIM QJUTIOBHAJIBHBIM OTJIOKEHUSIM U THJIPOMOP(HBIM
naaamadTam B rMoiiMax M pedHsbIX aonuHax. JlokaiabHO,
B IIpeJiesiax 0CaJ0YHbIX 30H, TAK)KE€ BCTPEUaroTcs ciabo-
pa3BUTHIEC TIeCYaHbIe apeHOCOJIN U perocosin. Takoe co-
YeTaHWEe CUJIBHO BBIBETPEJIBIX IMOYB BO3BBIIICHHOCTEH
¥ TUJIPOMOP(DHBIX TOYB HU3MEHHOCTEH O0YCIOBIMBACT
HEOJHOPOJHOCTb IPO3UOHHBIX IIPOLIECCOB B Oacceline u
OTIpEJIeIISIeT Pa3INUUsl B IPUTOJHOCTH 3€MeJIb JJIsT XO35TH-
CTBEHHOTO HCIIOTb30BAHUS B IpeJesnax ero (pu3nko-reo-
rpauuecKux 30H.

2.1.3 Bacceiin pex Oryn-OmyH

Baccelin Oryn-OmryH oOXBaThIBa€T 4YacTH LITATOB
Oryn, OcyH u Oiio (Puc. 3), 3anumMas njomaab OKoJIo
75 000 xm? mexy 6°30" u 8°45" ¢. m1. u 3°00" u -5°30" B.
J.. DTO KpyIlHasi pedHasi cucteMa, Brajaatomnias B Jlaroc-
ckyto naryny yepe3 pexku OryH u OmyH [25]. ['eonorus
MEHsSIETCsI OT MOopoJ (GyHIAMEHTHOIO KOMILJIEKCa Ha ce-
Bepe K 0CaJ0YHBIM (hOpMaIMsIM Ha IOore, YTO IPUBOJNT K
MoYBaM OT (PePPaJUITUTHBIX TPOIMUYECKHX JI0 TIECHaHbIX
aJTIOBHAIBHBIX [26]. KonnuecTBo ocagkoB BapbUpPyeET OT
1200 mMm Ha ceBepe 10 noutu 2000 mm Ha tore [27]. Tem
He MeHee, 0acceiiH HaXOUTCsI B TOM e BIIaKHOH Tpomnu-
YECKOH 30He, UTO M JPYTHE yYaCTKH. 3eMJICTIOTb30BaHUE
JIOMUHUPYET CEIILCKOX035IMCTBEHHOE, XOTs ypOaHHU3aIHs
BOKpyr Mbagana, A6eokyTsl 1 Omoroo ycuiiniia 3po3uio
[28], mpu 3TOM OBparu yacTo HaOJIIOIAIOTCS BIIOJIb JIO-
POKHOM CETH U OKpPaWH MOCEJICHH.

Cornacno knaccudukanuu BecemupHoit peepaTuBHOi
6a3pl mouBeHHBIX pecypcoB (WRB), B Oacceline peku
OryH-OCyH Ha BO3BBILIIEHHOCTSIX M CKJIOHaX cpenHel
KPYTHU3HBI HaOIIO/IaeTCs MO3aMYHOE PAacIIpOCTPAHEHHUE
(eppanibcomneil, HUTHUCOJICH, aKPUCOJICH U JIMKCUCOJICH.
OTH NOYBBI CPOPMHUPOBAITHUCH HA TTyOOKO BBIBETPEIIBIX
JKEJIE3UCTBIX MATepUHCKHUX moponaax. Jis yka3zaHHBIX
IOYB TUITMYHBI KPACHOBATas WJIN JKEJITOBATO-KpacHasi
OKpackKa, XopoIiasi BOJOIPOHUIIAEMOCTh U HU3KHUE 3a11achbl
MATATELHBIX BEHIECTB, YTO SIBISETCS CIEACTBUEM JJIU-
TEIILHOT'0 TPOITMYECKOI'0 BHIBETPUBAHUSI. B 105)kHOI yacTn
OacceliHa ¥ Ha aJUTIOBHAIBHBIX ydacTKaxX NpeodiagatoT

2.1.3. Ogun-Osun River Basin

The Ogun-Osun Basin spans parts of Ogun, Osun,
and Oyo States (Fig. 3), covering an estimated 75,000
km? between 6°30'N-8°45'N and 3°00’E-5°30'E. It is a
major fluvial system draining into the Lagos Lagoon via
the Ogun and Osun Rivers [25]. The geology transitions
from basement complex rocks in the north to sedimentary
formations in the south, resulting in soils that range from
ferruginous tropical soils to sandy alluvium [26]. Rainfall
varies from 1,200 mm in the north to nearly 2,000 mm
in the south [27]. However, the basin falls within the
same humid tropical zone as the other sites. Land use is
primarily dominated by agriculture, although urbanisation
around Ibadan, Abeokuta, and Oshogbo has intensified
erosion [28], with gullies commonly observed along road
networks and settlement fringes.

According to the World Reference Base for Soil Resources
(WRB) classification, the Ogun-Osun River Basin exhibits
a mosaic of Ferralsols, Nitisols, Acrisols, and Lixisols
across the upland and mid-slope landscapes, underlain
by deeply weathered, ferruginous parent materials. These
soils are typically red to yellowish-red, well-drained, and
low in nutrient reserves, reflecting the prolonged tropical
weathering that has occurred over time. In the southern
and alluvial portions of the basin, Fluvisols and Gleysols
are dominant, corresponding to recent alluvial deposits
and hydromorphic environments along the floodplains and
river valleys. Sandy and weakly developed Arenosols and
Regosols also occur locally within the sedimentary zones.
This combination of highly weathered upland soils and
hydromorphic lowland soils shapes the basin’s variable
erosion dynamics and influences land-use suitability
across its physiographic zones.

2.2. AMI3OVH MCCAEAOBAHMS

I[J'ISI HU3Yy4YCHUA TOT'O, KaK CBOMCTBA IIOYBEI BIUAIOT HA
OBPAXHYIO 5PO3UI0 B YCIIOBUAX OAHOPOAHOTO pCKHUMaA
0CaJKoOB, 6LIJ'I HNCIIOJIb30BaH CpaBHHTeJ‘IBHLIfI MHOI'OCCK-
LII/IOHHI:Iﬁ FeOHpOCTpaHCTBeHHLIfI Z[PISafIH HCCJICAO0OBaHUA.
BHI/IMaHI/IeM, COCPCAOTOUCHHBIM Ha TPEX JIOKAIUAX B O~
HOM KJIMMATHYCCKOM 30HE OBLIIO 00ECIICUCHO OTCYTCTBUE
BJIIUSIHUSA OCAJKOB KaK MECHIAKIIICTO (baKTopa, YTO I1IO3BO-
JINJIO UCCJICA0BATh CBOMCTBA IOYB B KAUYECTBE KJIKOYEBOI'0
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Puc. 3: Kapra pacnonoxxeHus 6acceiiHa pek OryH-OwyH.

Fig. 3 Location map of the Ogun-Osun River Basin.

JIeTEpMUHAHTa Bapualuui B AUHAMUKe oBparoB. [IpuHs-
TBIH TTOIXO0T OOBETUHSII TUCTAHITHOHHOE 30HTUPOBAHHUE,
I'MC u cTaTUCTUYECKMH aHaJIU3, YTO IMO3BOJIHMIIO OXBa-
TUTh KaK BpEMEHHbIE U3BMEHEHU I, TaK U IPOCTPAHCTBEH-
HbI€ 3aKOHOMEPHOCTH B Pa3BUTUH OBPAroB U KX B3aUMOC-
BSI3b C MIOYBEHHBIMU XapaKTEePUCTUKAMU.

2.2. Research Design

A comparative, multi-site geospatial research design was
employed to examine how soil properties influence gully
erosion under uniform rainfall conditions. By focusing
on three locations within the same climatic zone, it was
ensured that rainfall would not be a confounding factor,
allowing soils to be investigated as the key determinant
of variation in gully dynamics. The adopted approach
combined remote sensing, GIS, and statistical analysis
within a single framework, enabling the capture of both
temporal changes and spatial patterns in gully development,
as well as their relationship with soil characteristics.

2.3. ICTOYHUKMU ACHHBIX
BLIJ’II/I HUCIIOJIb30BAHbI MHOXCCTBCHHBLIC Ha6op1)1 JaHHBbIX,
NpeaoCTaBJIAIONINC B3aUMOJOIOJTHAIOMINC CBEACHU A O 11~

HaMHKE OBparos, CBOMCTBax IOYB U OPOCTPAaHCTBCHHBIX
rpaHunax. KnroueBrie Ha60p},1 JaHHBbIX, UCIIOJIB30BaAHHBIC
B 3TOM UCCJICJOBAHUU, CYMMHUPOBAHBI B TaGJmue 1.

2.3 Data Sources
Multiple datasets were utilised that provided
complementary information on gully dynamics, soil
properties, and spatial reference boundaries. The key
datasets used in this study are summarised in Table 1.

24. TlpepBapuTeAbHOA 06paboTKka
ACHHBIX

J171s1 ToAroTOBKM HAaOOPOB TaHHBIX K aHAJIHU3Y ObLIT BbI-
IIOJIHEH PAJ IIAaroB NpenoOpaboTku 11 oOecrneueHus
IIPOCTPAHCTBEHHON COINIACOBAHHOCTH U COIOCTAaBHUMO-
CTH IO TPEM HCCJEAYEeMbIM ydacTKaM. DTH HIard CyM-
MupoBaHsl B Tabnuue 2. brarogaps aTum maram ObLIO
obecrieueHo, 4To Bce HaOOPhI JAHHBIX IPOCTPAHCTBEHHO
COBMEIIEHBI, UMEIOT €IMHOE pa3pelleHne U alallTUPOBa-
HBI K palioHy ucciieqoBanuii. [loaydeHHbIe TOYBEHHBIE
WHJICKCHI U [TapaMeTpbl OBPAroB JICTJIH B OCHOBY MOCIIEY-
IOLIEro CTaTUCTUYECKOr0 aHaIN3a B3aUMOCBA3eH Mexay
IIOYBOM U OBparamu.
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Tabn. 1. Table 1.

CBoaka mo HaGopaM TaHHBIX, HCTIOJb30BAHHBIM B HCCJIETOBAHUM.
Summary of datasets used in the study

T Hcrounnk / Bpemennoii AT R
HII naardopma Ilepemennble / OXBAT pa3peiueHue / Haznayenue B
JaHHBIX Source/ onmucaHue Temporal I'nyouna HCCIe0BAHNT
Data type Platform Variables / Description covepr ave Spatial resolution / Purpose in the study
8 Depth
06 0 CbEMKa BBICOKOTO L) PO OIS I
Google Earth QG poBaHHbIE A ———— KOIIMYECTBEHHAs OLICHKA
oBparax KOHTYPBI OBparoB 2000-2025 : ; JUHAMUKUA OBPaKHOU 3PO3UHU
G Pro oy High-resolution . .
ully data Digitised gully polygons ; ; Mapping and quantifying
imaging :
gully dynamics
Ilecoxk, un, ruHa,
OpraHUYeCKU Xa o
PaKTEPUCTHKA CBOWCTB
O mouBax SoilGrids ymgggg;;::ﬁécsgc)’ CTaaTHH;L}IIZIe 0-30 cm II0YB
Soil data | v. 2.0 (ISRIC) Stnd) silt, cleay, soil HSta sic 0-30cm Characterisation of soil
organic carbon (SOC), properties
and bulk density
OmnpeneneHne TPaHUL]
Bcnomora- AH?;:}II/II;ZW FI(}SH;OI?;J;ZEI;:IQ CraTiambe BekropHbie JaHHBIE | HCCIIEAYyEeMOU TEPPUTOPUHU U
TeJIbHbIE e— BCIZ,TOII))HHC oM e — (macmrab 1:50 000) | kapTorpadudecKuii KOHTEKCT
S 5 OTNg | fdministrative |  National/state vector Static Vecitor Deﬁmng gy ared
ata boundaries - (scale 1:50,000) boundaries and mapping
context

24 Data Preprocessing

To prepare the datasets for analysis, a series of
preprocessing steps was carried out to ensure spatial
consistency and comparability across the three study
sites. These steps are summarised in Table 2. Through
these steps, it was ensured that all datasets were spatially
aligned, at a uniform resolution, and tailored to the
study area. The derived soil indices and gully metrics
provided the basis for subsequent statistical analysis of
the relationships between soil and gully.

2.5. CorpsixeHre AQHHEBIX O IIOYBAX
M OBpdAIrdx

WNHTerpanus MOYBEHHBIX JaHHBIX U CBEJIEHU 00 OBpa-
rax BeIOJHsIIack B cpene Google Earth Engine (GEE).
DTO MO3BOJINIIO 00ECTIEUUTH TOYHOE NMPOCTPAHCTBEHHOE
corjacoBaHue JaHHBIX 1 3(p(PEeKTUBHO U3BJIEYb XapaKTe-
puctuku noyB. B GEE 0b1nu 3arpyskeHsl onudpoBaHHbIE
MOJIMTOHEI oBparoB (rmonydyeHusie B Google Earth Pro)
JUTsl TPEX MCCIEYyEMBIX Y4acTKOB — TiaTo AOymxa,
Oacceitna OryH-OmryH u xoaMoB M ianpe, Habop JaHHBIX
SoilGrids v2.0 (rmyouna 0-30 cm). V3 MoOYBEeHHBIX JaH-
HBIX OBLIM M3BJICYEHBI CIIEIYIONINE MTOKA3aTeNIH: 00BEM-
Hasl TJIOTHOCTH IOYBBI, KATHOHOOOMEHHAs CIIOCOOHOCTH
(CEC), coneprxaHue IITUHbBI, COJICPIKAHUE MIECKA, COOTHO-
LIEHWE TIECOK/TIIMHA, COo/lepKaHUe NTOYBEHHOTO OpraHu-
yeckoro yriepoaa (SOC).

JIJ1st KaXT0TO MOJUTOHA OBpara OblIa co3naHa Oydep-
Has 30Ha mupuHOH 50 M. DTO NO3BOINIIO OXBATUTH MPU-
JICTAIONIYO TIOYBEHHYIO 30HY, OKa3bIBAIOIIYIO BIMSTHUE
Ha 3apOXKJCHHE ¥ Pa3BUTHE OBparoB. B mpexenax kaxxpoi
o0ydepnoii 30861 B GEE paccunTanbl 30HAIBHBIC CTATH-
CTHKHM — CpPEIHHE 3HAUYCHHS MTOYBEHHBIX MOKa3aTeseil.
3aTeM TaHHBIC YKCITOpTUPOBaHEI B Buie CSV-daiinos, oT-
JICNIBHBIX JIJISl KaXXJIOTr0 uccienyemMoro ydactka [14, 29].
[TonydenHnble TabMUUHBIE HAOOPHI JAHHBIX MOCIYKHIIH
OCHOBOM /U151 TOCJIEAYIOIEro MoJeIupoBaHus. Takoit
MOAX0/ 00eCIeynII: TPOCTPAHCTBEHHOE COTIACOBAaHHE
YCTAHOBJICHHBIX CBSI3€H MEX/y CBOMCTBAMH IOYB U pa3-
BUTHEM OBparoB M 3(p¢peKkTHBHYIO 00pabOTKy JaHHBIX
SoilGrids BrICOKOTO pa3penieHust 3a cuéT 00JaYHBIX BbI-
yucauTeabHbix BodaMoxkHocTet GEE [30, 31].

JlaHHBIE O CBOWCTBAX ITOYB OBLIN IOy YEHBI U3 III00aIb-
HO#1 pacTpoBoii 6a3sl naHHBIX S0ilGrids v2.0 [17], koTopas
MIPEA0CTABIISIET HEMPEPHIBHBIE KAPTHI KIIFOYEBBIX ITOYBEH-
HBIX XapaKTePUCTHK C MPOCTPAHCTBEHHBIM pa3peleHn-
em 250 M 1151 ecTH CTaHAAPTHBIX HHTEPBAJIOB Ty OUHBIL:
0-5, 5-15, 15-30, 30-60, 60—100 u 100200 cM — B coOT-
BeTcTBUU co cnenupukamusmu GlobalSoilMap [32]. baza
SoilGrids cozmana MexayHapOaHBIM IIEHTPOM MOYBEH-
Hoii nadopmanuu u pepepenuuu (ISRIC) ¢ npumenenu-
€M MoJIeJIe MalllMHHOro 00y4YeHusl. DTH MOJIeIn 00yye-
HBI Ha MaccuBe, BKrodaromieM cBbiiie 240 000 onucanuii
MOYBEHHBIX MPOQUIICH, C yUETOM IKOJIOTHYECKUX KOBa-
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OcHoOBHBIE dTaNbl NPeA0OPA0OTKH JaAHHBIX
Summary of data preprocessing steps

Tabn. 2. Table 2.

Ha0op naHHbBIX Iran npe)mﬁ'paﬁonm Hean cngz;znzzz;ﬁ;ﬁn
Dataset Preprocessing step Purpose CRS Used
Bee [Tepenpoenuposanue B 305y UTM ObecrieueHue eANHOM
IPOCTPAHCTREHHEIC (COOTBeTCTB}}IGomyIO TEPPUTOPUH CHCTEMbI KOOPJIMHAT JUIS BCEX | = 94 / UTM Zone
- Pro L) . Py 32N (EPSG: 32632)
All spatial data rojected to UT. M Zon.e (appropriate for Ensurzng a consistent
P Ni ) coordinate system
geria 3
[NepenuckpeTn3alys 10 pa3penieHust [IpuBenenne kK eAMHOMY
30 M; 0Ope3Ka o rpaHUIaM HUCCIIeyeMOH IIPOCTPAHCTBEHHOMY
TEPPUTOPUH; PACUET MPOU3BOJHBIX Pa3pelICHNUIO; BEIYUCICHUE
Crowu SoilGrids WHJIEKCOB (COOTHOIICHHMSI TIECOK/TIIHHA, nokazareneit apoaupyemoctu | WGS 84 / UTM Zone
SoilGrids layers WII/TIINHA) IO4YB 32N (EPSG: 32632)
Resampled to 30 m resolution; clipped Harmonising resolution and
to study area; derived indices (sand/clay, computing soil erodibility
silt/clay ratios) indicators
Onudposka nonuronos B Google Earth DopMUpOBaHUE MTOKA3aATEIECH
Pro; pacuér merpux B ArcGIS Pro OBPAXKHOM YPO3UU IS
JlaHHBIE 00 (TuTommane, UTMHA, TOIOBBIE TEMITB POCTA) BPEMEHHOTO aHaN3a WGS 84 / UTM Zone
oBparax Gully data Digitised polygons from Google Earth Generate gully erosion 32N (EPSG: 32632)
Pro, converted to metrics (area, length, indicators for temporal
annual growth rates) in ArcGIS Pro analysis

pHaTOB — JAaHHBIX O KJIIMMaTe, pesibede 1 MaTepraiax Ju-
CTaHIIMOHHOT'0 30HAMPOBAHUSL. J{J1sT OnMcaHust COCTOSTHUS
MTOBEPXHOCTHOTO CJI0S TI0YB, 3HAYMMOT0 IIPY MOJICITMPOBa-
HUM DPO3UH U JIerpaaliii 3eMeJlb, IIOYBEHHBIC Mapame-
TPbI OBLIIN arperupoBaHbl B KOMIO3UTHBIH cioit 0—30 cm.
Arperanust BbINIOJIHEHA ITyTEM pacuéTa cpeHEB3BEIICH-
HOT0 110 TJTyOWHEe 3HaYeHU S ISl IePBBIX TPEX ci10éB Soil-
Grids (0-5, 5-15 u 15-30 cm) no opmyie:

X _ 5Xo_5 +10X5_15 + 15X;5_3¢
0-30 30

rae: X, —3HaYEHHE MOKa3arels (COIEPIKaHMUE MECKA, LY,
TJIMHBI WU OPraHUYeCcKoro yriaepona) s ciost 0—30 cm.

JlaHHBIN TOIXO/T COOTBETCTBYET perkomMeH narusm Glo-
balSoilMap no arperanuu JaHHBIX ¥ TapaHTHPYET, YTO
MMOJIYYEHHBIN CJION aJleKBAaTHO OTpPa)KaeT B3BEIICHHBIHN
BKJIaJI KaXKJOT0 MHTEpBaja IIIyOUHBI B IIpeciax BepX-
HEro MOYBEHHOTO TOPU30HTA.

2.5. Linking Soil and Gully Data

The integration of soil and gully data was performed in
the Google Earth Engine (GEE) environment to ensure
consistent spatial alignment and efficient extraction of
soil attributes. Digitised gully polygons (from Google
Earth Pro) for the three study sites — Abuja Plateau,
Ogun-Oshun Basin, and Idanre Hills — were uploaded
to GEE alongside the SoilGrids v2.0 dataset (0-30 cm

depth). The relevant soil variables extracted included bulk
density, cation exchange capacity (CEC), clay content,
sand content, sand-to-clay ratio, and soil organic carbon
(SOQ).

A 50 m buffer was applied around each gully polygon to
capture the immediate soil zone influencing gully initia-
tion and expansion. Within each buffered area, zonal sta-
tistics were computed in GEE to extract mean soil values,
which were subsequently exported as site-specific CSV
files (one per study area) [29, 14]. These tabular datasets
formed the analytical foundation for subsequent model-
ling. This approach ensured that soil-gully linkages were
derived in a spatially consistent manner, while leveraging
GEE’s cloud-based processing capabilities to handle high-
resolution SoilGrids data efficiently [30,31].

Soil property data were obtained from the SoilGrids
v2.0 global gridded database [17], which provides contin-
uous maps of key soil attributes at 250 m spatial resolution
for six standard depth intervals (0-5, 515, 15-30, 30—60,
60—-100, and 100-200 cm) following the GlobalSoilMap
specifications [32]. SoilGrids is produced by the Interna-
tional Soil Reference and Information Centre (ISRIC) us-
ing machine-learning models trained on over 240,000 soil
profile observations combined with environmental covari-
ates such as climate, terrain, and remote sensing data.

To represent surface soil conditions relevant for erosion
and land degradation modelling, soil parameters were ag-
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gregated to a 0-30 cm composite layer by computing a
depth-weighted average of the first three SoilGrids layers
(0-5, 5-15, and 1530 cm) using the formula:

5Xo_s + 10Xs_15 + 15X15_30

30
where X _, represents the property value (sand, silt, clay,
or organic carbon) for the 0—30 cm layer.
This approach adheres to the GlobalSoilMap aggregation
guideline, ensuring that the derived layer accurately
reflects the weighted contribution of each depth interval

within the upper soil horizon.

Xo—30 =

2.6. AHOAM3 AOHHBIX

CSV-¢aiiner, nomyuenasle B Google Earth Engine
(GEE), Obumn rociie n3BJie4eHHsI UMIIOPTHPOBaHBI B GOOg-
le Colab st cTaTUCTHYECKOTO aHAJIM3a U MAIIMHHOT'O 00-
YUYEeHUS C UCIIOIb30BaHUEM si3bika Python u cienyrommx
oubnuoTex: pandas, scikit-learn, NumPy u Matplotlib. J1ns
Ka)JIOTO HCCIICAYEMOro y4acTKa OTJEJIbHO IMPUMEHSIJI-
Csl JITOPUTM KJIaCCU(UKALUK «CITy4YalHbBIN jec» (Ran-
dom Forest, RF). llenpto ObLIO cMOJETMPOBATH HATMYHE
(1) mnm orcyTcTBue (0) 0BparoB Kak (yHKITUIO IIECTH TO-
YBEHHBIX [TIEPEMEHHBIX, U3BJICYEHHBIX U3 0a3bl SoilGrids.
OrneHka KayecTBa MOJICIN BBITIOJIHSIACH METOIOM IISITH-
KpaTHOU niepeKkpécTHOM poBepKH (five-fold cross-valida-
tion). 3 PeKTUBHOCTH MOJIEIIH OIICHUBAJIACH 110 CIIETYIO-
IAM METPUKAM: TOYHOCTH (accuracy), NIpeu3nOHHOCTh
(precision), nomuora (recall), Fi-mepa (FI-score), mno-
maab Mo KpUBOH omuOOoK npuéMHUKa (area under the
receiver operating characteristic curve, AUC).

N3 xax10¥1 00yueHHON Mozeny ObIIIN M3BJICYEHBI TTO-
Ka3aTeJIn Ba)KHOCTH MEPEMEHHBIX. DTO MO3BOJIUIIO KO-
JINYECTBEHHO OLEHHUTH OTHOCUTEJIBHBIN BKJIAJ] OTIEIb-
HBIX TIOYBEHHBIX MapaMETPOB B MPEAPACIIOI0KEHHOCTD
K oBparoo0Opa3oBaHuio. KpoMe TOro OBLIH BBITIOJTHE-
HBI: ONHUCAaTEeJIbHAsl CTATUCTHUKA U CPAaBHUTEIIBHBIN aHa-
JIN3 TI0 y4YacTKaM JUISl OLICHKH BapHaOEIbHOCTH U HEO-
npeAea€HHOCTH B3aUMOCBsI3el «1ouBa— oBpar» [14, 17].
AunroputMm RF Obut BBIOpaH 110 CHEYIOIIMM MPUYUHAM:
YCTOHYUBOCTH K MYJIETUKOJIJIMHEAPHOCTH, CIOCOOHOCTH
BBISIBJISITH HEJIMHEWHBIC 3aBUCUMOCTH MEX]y CBOWCTBa-
MM TIOYB W 3pO3UeH, ToKazaHHAsl 3(PPEKTUBHOCTH ITPHU
KapTorpadupoBaHUH SKOJIOTHYECKON MPEapacioIoKeH-
HoctH [33, 18]. CoBmecTHas padoTa B cpenax GEE u Co-
lab mo3BoMIIa CO3/1aTH BOCIIPOM3BOIUMYIO M MacCIITaOH-
PYEMYIO METOJOJIOTHYECKYI0 cxeMy. OHa o0OecrieunBaeT
YCTaHOBJICHHE CBSI3€H MEXJy CBOMCTBaMU IOYB M BO3-
HHUKHOBEHUEM OBPAroB B YCIOBHSX OJTHOPOJIHOTO PEKHMa
ocankoB. HakoHer, OblIH TPOBEIECHBI MEXIIIOMA0YHbIE
CpaBHEHUsI B3aMMOCBSI3€il «OBpar—Io4yBa». JTo M03BO-
JIUJIO: BBISIBUTH Pa3Indusi MEXKIY TPEMsI HCCIICIyeMbIMU
y4acTKaMU M UX OOIHME YepTHl U OLEHUTh, KaK ITOYBECH-
HBIE XapaKTEPUCTHKH O0YCIIOBINBAIOT JUHAMHKY OBPaXK-
HOI 5pO3UHU IIPU OJHOPOIHOM PEKHME OCAJIKOB.

2.6. Data Analysis

After extraction, the CSV files from GEE were imported
into Google Colab for statistical and machine learning
analysis using Python (pandas, scikit-learn, NumPy,
and Matplotlib libraries). The Random Forest (RF)
classification algorithm was applied separately for each
site to model the presence (1) and absence (0) of gullies
as a function of the six SoilGrids-derived soil variables.
Model evaluation was conducted using a five-fold cross-
validation approach, with performance assessed through
accuracy, precision, recall, Fl-score, and the area under
the receiver operating characteristic curve (AUC).

Variable importance scores were extracted from
each trained model to quantify the relative contribution
of individual soil parameters to gully susceptibility.
Descriptive statistics and site-level comparisons were
also undertaken to assess variability and uncertainty in
soil-gully relationships [14, 17]. The RF approach was
selected for its robustness to multicollinearity, capacity to
capture nonlinear soil-erosion relationships, and proven
suitability for environmental susceptibility mapping
[33, 18]. Together, the GEE-Colab workflow provided
a reproducible and scalable framework for linking soil
properties to gully occurrence under uniform rainfall
conditions. Finally, cross-site comparisons of gully-soil
relationships were conducted to highlight differences
and commonalities across the three study areas, thereby
assessing how soils condition gully erosion dynamics
under uniform rainfall regimes.

3. Pe3yaAbTATHI
3.1. AMHOMMKO OBPAXHOM 3p03UN
B riepumop ¢ 2000 1o 2025 rop

J1J1s1 BBITIOTHEHU S IEPBOM 3a]a4M Ha BCEX TPEX UCCIEy-
eMBIX yJacTKax Obliu KapTorpadupoBansl oppary B 2000
1 2025 roapl. 3aTeM KOJIMYECTBEHHO OLICHEHBI CIIeIY FOI1e
MTOKa3aTeIn: YUCIIO OBPAroB, 00IIas IIoliaab OBParos,
CpeaHsisl TUIOIIaAb OJHOTO OBpara, MakKCHMaJsbHasl IIO-
aab OTICIBHOTO OBpara. Pe3ynbrarsl IeMOHCTPHUPYIOT
BBIP2)KCHHOE YBEJIMYEHHUE KaK IUIOIA/IH, TaK U KOJINYeCTBa
oBparoB 3a 25-neTHuii nepuon (tadi. 3). CornocTaBUTEIIb-
HBIH aHAJIN3 TAaHHBIX U3 Ta0JI. 3 1 4 BBISIBUJI YCTOWYUBYIO U
TPEBOXKHYIO TEHJICHITMIO: HA BCEX TPEX yUacTKax 3a Mepu-
ox ¢ 2000 o 2025 rox BEIPOCIIO YHCIO OBPAaroB U yBEIH-
Yuiach UX CyMMapHas ruomaab. Hanbonee 3HaunTeIbHbIC
n3MeHeHus 3aduKcupoBaHsbl B 6acceitne OryH-OnryH: un-
CJIO0 OBpPAroB BO3pOCIO OoJiee ueM B JiBa pasa (¢ 58 mo 129),
o01mast TIoIma s OBParoB yBeIUYUIIACh Ha 5,36 KM?, TIpH-
pocT cocrtaBui cBelmie 614 %, cpeaHEerofnoBbIe TEMIIBI
pacmupenus — 0,21 km*ron. Ha mimato AOyka Takxke
OTMEYCH CYyHIECTBEHHBIH POCT OBparoodpa3oBaHus: 00-
mas miomans yseauuuaacek ¢ 0,83 no 5,19 km?, npupoct
coctaBuil 523%, cpeaHEerol0oBbIe TEMIIbl PACIIUPEHUS —
0,17 kMm% ron. Xonmsl Uianpe, HeCMOTPSI HA HANMEHBITY IO
ob6myro miomaas oBparos (¢ 0,004 o 0,019 km?), mpoze-
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MOHCTPHUPOBAJIM 3HAUMTENBHBIN mpupoct B 418%. D10
CBHJIETEIILCTBYET O TOM, UTO Ja)ke ciiabo ypOaHH3Upo-
BaHHBIC JJAHAMIA(TH HE 3aCTPAXOBAaHbl OT HapacTaromei
aKTHBHOCTH OBParooOpa3oBaHMsI.

3. Results
3.1 Gully Erosion Dynamics between
2000 and 2025

To address the first objective, gullies were mapped for
the years 2000 and 2025 across the three study sites, and
their number, total area, mean area, and maximum area
were quantified. The results reveal a pronounced increase
in both the extent and number of gullies over the 25 years
(Table 3). The comparative analysis from Tables 3 and
4 shows a consistent and alarming increase in both the
number and the areal extent of gullies across all three
study areas between 2000 and 2025.

The gully density values further emphasise the intensity
of landscape degradation, with the Ogun Osun Basin and
Abuja showing the highest densities in 2025, reflecting
the influence of urban expansion, vegetation loss, and
poor land management practices. The growth factors
derived from Table 4 (ranging from 5% in Idanre to over
7% in Ogun Osun Basin) demonstrate how rapidly gully
systems have evolved over the past 25 years. The spatial
distribution of gullies for both years is visualised in Fig. 4.

cIleZIOBaHMUS: Ha muiaTo AOyka, B 6acceitne OryH-OmryH
1 Ha XonMmax MpaHpe. AHaJIU3UPOBAIHUCH CIICAYIOIINE
IoKa3aTesin: 00beMHas MIIOTHOCThH MOYBBI, KATHOHOO0-
MeHHas criocobHocTh (CEC), conepkaHne TIMHUCTONH U
recyaHo# (paknuii, COOTHOIIEHHE TIECOK/TIIMHA, COJIeP-
’KaHUE MMOYBEHHOTO opranndeckoro yriepona (SOC). Otu
rapamMeTphbl OTPAKAIOT (PU3NUECKOE U XUMUYECKOE COCTO-
STHUE TI0YB, a TAK)Ke UX MOTECHIINAJIBHYIO CBSI3b C ITPOIEC-
coM oBparooOpa3oBaHUs.

MO>XHO OTMETHTBH CJIeIyIONe 0COOCHHOCTH: ITOYBbI
Oacceiina OryH-OnryH XapaKTepHU3yIOTCS TIOBBIIIICHHBIM
coziep’)KaHNEM I1eCKa W TIOTHOCTBIO CIIOKEHUSI, TTOUBbI
xoiMoB MaHpe otnnuarorcst 0ojee TOHKUM T'paHyJIo-
METPHUUYECKUM COCTaBOM U BRICOKUM COZIEP>KaHHEeM Opra-
HHUYecKoro yriepona. [IpocTpancTBeHHast ©3AMEHUYHBOCTh
MTOYBEHHBIX XapaKTEPUCTHK CO3/AET BAXKHYIO OCHOBY IS
WHTEpIpETaluy MOCIEIYIONNX PEe3yJIbTaTOB aHaJIN3a
METOJIOM «CcITydaitHoro yieca» (pasmen 3.3). B Hém uccire-
JIYIOTCSI TPOTHOCTUUYECKHE CBSI3U MEXKJIY YKa3aHHBIMHU
[MOYBEHHBIMHU NTapaMeTPaMHU 1 HAJIMYHUEM OBParos.

[Tokazarenu MIOTHOCTH OBPArOB JOMOJHUTEIBHO MO~
4EPKUBAKOT HHTCHCUBHOCTD JCTpajaliiu JaHAIa(TOoB.
B 2025 rony HamnOobIasi INIOTHOCTH 3a()UKCHUPOBAHA!
B Oaccetine OryH-OmyH (0,53%) u Ha mmato AOymka
(0,78%). Taxue 3HaUEHUS OTPAXKAIOT BIMUSHHUE CIIEAYIO-
X (HakTOpOB: PACHIMPEHUEH TOPOJACKUX TEPPUTOPHIA,
COKpAIlleHHE PACTHTEIBLHOTO TOKPOBa, HEA(P(HEKTHUBHOE
3emuienioib3oBanue. KoadguuuenTs pocra, paccunTaH-
HBIC Ha OCHOBE JIaHHBIX Ta01. 4 (0T 5 pa3 g Umanpe 1o
Oonee ueM 7 pa3 s 6acceitna OryH-OuryH), HarJIsTHO
JIEMOHCTPHUPYIOT, HACKOJIBKO CTPEMHTENIBHO Pa3BUBAIIHCh
OBpa)XHBIE CUCTEMBI 3a nociueanue 25 netT. [IpoctpancT-
BEHHOE pacIpeJieIeHIe OBParoBs 3a 00a BpeMEHHBIX cpe3a
TIPECTABIICHO Ha puC. 4.

3.2. Overview of Soil Characteristics
across the three Study Sites

The descriptive summary of soil physicochemical
properties across the three study sites, Abuja Plateau,
Ogun-Oshun Basin, and Idanre Hills, is presented in Fig.
5. The analysed variables include bulk density, cation
exchange capacity (CEC), clay and sand fractions, sand/
clay ratio, and soil organic carbon (SOC). These indicators
reflect the physical and chemical status of soils and their
potential relationship to gully formation.

Soils of the Ogun-Oshun Basin are characterised by
higher sand content and bulk density, while those of the
Idanre Hills exhibit finer texture and greater organic
carbon. These spatial variations in soil characteristics
provide a crucial foundation for interpreting the subsequent
Random Forest analysis (Section 3.3), which examines the
predictive relationships between these soil parameters and
the presence of gullies.

The gully density values further emphasise the intensity
of landscape degradation, with the Ogun Osun Basin and
Abuja showing the highest densities in 2025, reflecting
the influence of urban expansion, vegetation loss, and
poor land management practices. The growth factors
derived from Table 4 (ranging from X5 in Idanre to over
x7 in Ogun Osun Basin) demonstrate how rapidly gully
systems have evolved over the past 25 years. The spatial
distribution of gullies for both years is visualised in Fig. 4.

3.2. O630p XAPAKTEPUCTUK TTOYB HA
TPEX UCCAEAVEMBIX VUACTKAX
Ha puc. 5 npencraBiieHbl CBOJAHbBIC JaHHBIC O (PU3HU-
KO-XMMHYCCKHX CBOWCTBAaX MOYB Ha TPEX ydacTKax HC-

3.3. Knaccudumkaiimsga METOAOM
<<CAY‘-I(II-/_IH01"O AeCd» HOANYNYA OBPAITroB
B 3ABUCHMOCTHU OT ITOYBEHHDBIX
aTpnbyTOB

Ji1s1 KaskIOro UCCIIEAYEeMOro y4acTKa OTACIBHO ObLIH
MTOCTPOEHBI MOJIEIH «ciydaiHoro jeca» (Random Forest,
RF) ¢ 11e716F0 OLICHUTH MPOrHOCTHYECKYIO CHITY TTOYBCH-
HBIX MIEPEMEHHBIX MPU O0BICHECHUH (haKTa HATHYHS OB-
paroB. O0OOMEHHEIE TOKA3aTENN BaXKHOCTH MTPU3HAKOB
M CTATUCTHUYCCKHE XapaKTCPUCTHKH KauyecTBa MOJCICH
MpeACTaBICHbI HA PUCYHKaxX 6 U 7.

Bo Bcex JIOKaIUsIX KIOYEBBIMU MPEIUKTOPAMHU HAJHU-
YHsI OBPAroB BBICTYIHJIM MMOKa3aTelnd I'PaHyJIOMETPH-
YECKOr0 COCTaBa MOYB — B MEPBYIO OYEepe/b COAepKa-
HUE TecKa, COMCPKaHUEe TJUHBI U COOTHOIICHHE MECOK/
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Puc. 5. CrpynnmposanHas ctonbuartas guarpamma, nokassisaiowas (cpegHee * crangaptHoe oTknoHeHune) ceoicts nous (0-30 cm) Ha

TpeXx y4acTkax UccneaoBaHums.

Fig. 5. Grouped Bar chart showing the (mean * SD) of soil properties (0-30 cm) across the three study sites.

riuaa. COBMECTHO 3TH MEPEMEHHbIC 00eCIeurnIn Hau-
BBICIIIME 3HAYCHUSI OTHOCUTEIILHONW BAXXHOCTHU (B JHara-
30HE 0T 0,15 10 0,27). DTO CBUIETEIBCTBYET O TOM, UTO
0aJlaHC MEKIY KPYIHO- U MEJIKOGPAKIIMOHHBIMU KOM-
MMOHEHTAMU CYIIECTBEHHO PETYJIUPYET IPOJUPYEMOCTD
rouB. [louBeHHBIN opranuyeckuii yriepoxa (SOC) tak-
K€ MPOJAEMOHCTPUPOBAJ 3HAUMMBIN BKJIAJ] HA y4acTKax
rrato AGymxka u 6acceitna OryH-OmyH (0,17-0,20). OTo
MMO3BOJISIET MPEAIOJIOKUTH, YTO MOBBIIICHHBIC YPOBHHU
SOC crocoOHBI: YCHIIUBAThH arperaTHy0 yCTOWYMBOCTh
MOYB, CHUXKATh PUCK 3apOKJICHUS OBparos. B To xe Bpe-
Msi 00bEMHAasl MIOTHOCTh MOYBBI U KATHOHOOOMEHHAsI
criocobHOCTh (CEC) OKa3anuch CpaBHUTEIBHO MEHEE
3HAYUMBIMU. DTO YKa3bIBAE€T HA TO, YTO CTPYKTYPHBIE
U XMMHYECKHE CBOWCTBA MOYB UIPAIOT CKOpEe Ornocpe-
JIOBaHHYO POJIb B PErYJIUPOBAHHUH MPOIECCOB OBPAroo-
Opa3oBaHWUs.

3.3. Random Forest Classification
of Gully Presence in relation to Soil
Attributes

The Random Forest (RF) models were developed
separately for each study site to evaluate the predictive
strength of soil variables in explaining gully occurrence.
The overall feature importance and model performance
statistics are presented in Figs. 6 and 7.

Across all locations, soil texture variables, particularly
sand, clay, and the sand/clay ratio, emerged as the
dominant predictors of gully presence. These variables
jointly accounted for the highest relative importance values
(ranging from 0.15 to 0.27), indicating that the balance
between coarse and fine fractions strongly regulates soil
erodibility. Soil organic carbon (SOC) also contributed
meaningfully at the Abuja Plateau and Ogun-Oshun Basin

sites (0.17—0.20), suggesting that higher SOC levels may
enhance aggregate stability and reduce the risk of gully
initiation. In contrast, bulk density and cation exchange
capacity (CEC) were of comparatively lower importance,
implying that structural and chemical soil attributes play
more indirect roles in controlling gully processes.

[TokazaTenu KauecTBa MOAEIIH JOMOJHUTEIHHO JIEMOH-
CTPHUPYIOT MEXKIUIOIIAJ0YHY 0 H3BMEHYHBOCTh. Ha y4acT-
Kax rutato AOymka u 6acceitna OryH-O1IyH TOCTUTHY T
YMEPEHHBIE U BBICOKHME 3HAYCHU ST TPOTHOCTHUYECKOMN TOU-
HoctH (0,65—0,78) u Fi-mepsr (0,74—0,81). 3T0 cBUICTEIIB-
CTBYET 0 HaJ&KHOU nu(pdepeHIUPYIONICH CITOCOOHOCTH
MOJICITH MTPH Pa3JIeICHUH yYaCTKOB C OBparaMu u 06e3 HUX.
B otinumne ot HUX, MOZIEINb 1151 XOIMOB M 1aHpe nokasasa
OTpaHUYEHHYIO TPOrHOCTHYECKYIO0 ClIOCOOHOCTh. OCHOB-
HOU MPUYWHON CTAJI MaJIbIil pa3Mep oOydaroieii BHIOOp-
KU, HU3Kasi BaprabebHOCTh MOYBEHHBIX MPEIUKTOPOB.
OTtHocuTenbHO Bhicokue 3HaueHust AUC Ha Bcex yyacT-
kax (0,62—0,80) yka3pIBaroT Ha MpHEeMIIEMY10 00001Iaro-
I[YH0 CIOCOOHOCTH MOJICIICH U YCTOMYHBOCTH TOPOTOBBIX
3HAaYCHUH Kinaccudukanuu.

B 11e110M o1y YeHHBIE Pe3yJIBTAThI MO TBEPKIAIOT, UTO
rpaHyJOMETPUYESCKUI COCTAB MMOYB U COJCPKAHUE Opra-
HHYECKOT0O BEIIECTBA — KITFOUEeBBIC (DAaKTOPBI, OIIPEICIISIIO-
[[1e BO3HUKHOBCHHE OBPATOB MIPU OJTHOPOTHOM PEIKHME
0CaaKoB. Pe3ynbTaThl MOICIUPOBAHUSI METOIOM «CITY-
YalHOT O JIeca» MOATBEPIKIAI0T THIIOTE3Y: ITOUBHI ¢ O0JIee
rpyOBIM ITPaHyJIOMETPHUSCKUM COCTABOM IPH HU3KOM CO-
nepxkannu SOC JeMOHCTPUPYIOT MOBBILICHHY O MTpeIpa-
CIOJIOKEHHOCTh K pa3MbIBY U Pa3BUTHIO oBparos. Coria-
COBAHHOCTB PE3YyJbTATOB 10 BCEM y4acTKaM MO3BOJISET
C/IeNIaTh BBIBOJI: COCTAB IMOYB HIPACT MEPBOCTEIICHHY O
POJIb B IMHAMHKE OBPaYKHOM 3pO3HHU. DTO COOTBETCTBYET
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CBojaka 1o opparaMm Ha ypoBHe y4acTkoB (2000 rox B cpaBHenuu ¢ 2025 romom)
Site-level gully summary (2000 vs 2025)

Tabn. 3. Table 3

Yucno IlnoTHOCTH OBparoB (%
Oobmas Cpenusist MaxkcumaabHast
Yuacrok T'on OBparoB T T T ()| e () P T i () IUIOIIA/IH YYACTKA)
. P .
Site Year g?liif Total area (km?) | Mean area (km?» | Max area (km?) Gully del:ls::_);l )(A of site
Abymxa 2000 64 0,833 0,013 0,058 0,12
Abuja 2025 106 5.187 0,0489 0,479 0,78
Oryn-Omyn | 2000 58 0,872 0,015 0,117 0,07
Ogun-Oshun | 2025 129 6,234 0,0483 0,437 0,53
Wnanpe 2000 12 0,004 0,0003 0,001 0,04
Idanre 2025 18 0,019 0,001 0,003 0,20
Tabn. 4. Table 4
Ioka3zaTenu nsmMeHeHus oBpaxkHoil ceTu B nepuox ¢ 2000 mo 2025 rox
Gully change metrics between 2000 and 2025
YBeauuenue Increment TonoBblie TeMIbI IIpupoct Koa¢ppunment
Yncno Oomas Cpennsis pacmupeHus o0uei pocTa mjiomaan
VuacTok OBDATOB IJIOIIAAL | MJIomaab | MakcuMmajabHas (xkm?/Ton) IJIOIIATH OBpAaroB (x)
Site ]\5, i (xm?) (xm?) miomanb (Km?) Annual oBparoB (%) Gully area
» ilies Total area | Mean area | Max area (km?) | expansion (km% | % change in growth factor
8 (km?) (km?) year) total gully area (%)
Afgﬁ;l;a 42 4,3541 0,0359 0,4208 0,1742 522,7539 6,2275
ggﬁjgglﬁ 71 5,362 0,0333 0,32 0,2145 614,6058 7,1461
I?g::r%e 6 0,0151 | 10,0007 0,0027 0,0006 418,3472 5,1835

MOCTaBJICHHOU HCJIN — YCTAHOBUTD CBA3b MCKAY MTOYBCH-
HBIMH XapaKTCPUCTUKAMHU U IMPOCTPAHCTBCHHLBIMU IIAaT-
TCpHaAMU MPCAPACIIOJIOKECHHOCTH K 0Bpar006pa3OBaHI/IIO.

Model performance metrics further highlight site-
specific variability. The Abuja Plateau and Ogun-Oshun
Basin sites achieved moderate to strong predictive
accuracies (0.65-0.78) and Fl-scores (0.74-0.81),
demonstrating robust discrimination between gully and
non-gully conditions. In contrast, the Idanre Hills model
yielded limited predictive power, mainly due to a small
training sample size and low variability in soil predictors.
The relatively higher AUC values across sites (0.62—
0.80) indicate acceptable model generalisation and stable
classification thresholds.

Overall, these results confirm that soil texture and
organic matter properties are key determinants of gully
occurrence under a uniform rainfall regime. The RF
outcomes support the hypothesis that coarser-textured
soils, when combined with low SOC content, exhibit a
higher susceptibility to detachment and gully development.
This cross-site consistency supports the inference that soil
composition exerts a first-order control on gully erosion
dynamics, fulfilling the objective of linking soil variables
to gully susceptibility patterns.

34. AHOAU3 ITPOCTPAHCTBEHHOMU
M3MEHYMBOCTU U HeOHpeAeAéHHOCTM

[IpocTpaHcTBeHHasT  U3MEHYHUBOCTH  IOYBEHHBIX
CBOMWCTB Ha TpEX uccienyembix yuyactkax (Puc. 8) BbI-
SIBJISIET OTYETIIMBBIC H1apuecKue KOHTPACThI, KOTOPHIE
JIe)KaT B OCHOBE HaOJIFO1aeMol JUHAMHUKH OBparoodpa-
30BaHUs. [[JIOTHOCTH CIIOKEHUSI TTOYBBI JJIEMOHCTPHUPOBA-
Jla CIeAyIomMi IpaJueHT: MaKCUMaJlbHast — B Oaccel-
He Oryn-OmyHn: 143,52 £2,50 r cM 3, yMepeHHas — Ha
xonmax Mnaunpe: 130,20 + 2,67 r cM >, MUHUMaJIbHAS —
Ha rmato AGyska: 125,31 + 3,63 T cm>. Takoii rpanueHT
YILUIOTHEHUSI MOXKET OT'PaHUYUBATH HHPHUIBTPAIUIO BIla-
I' B HU3MEHHOH yacTu 6accelina. KarmoHooOMeHHast crio-
coonocth (CEC) BapbpupoBaa ot 65,16 & 5,76 cMMOJIb KT}
(xonmb1 Unanpe) no 99,28 + 12,69 cmmouts kr! (bacceiin
OryHn-O1ryH). 3TO OTpakaeT pa3Indusi B MUHEPAJIOTHYC-
CKOM COCTaBe U COJIEPIKaHUU OPraHWYECKOTO BEIIECTBa.

CopeprkaHue TITMHBI 3aMETHO BBIIIE HAa BO3BBIIICHHBIX
yuacTkax (262,07 + 22,05 r xr ' Ha xonmax U nanpe), uem
B Oaccetine (162,91 + 19,79 r kr'). OOpaTHas KapTUHA Ha-
OmromaeTcs IS conepxkanus necka (689,50 = 32,17 v kr!
B Oacceifne). COOTHOIIGHHE IECOK/TJIMHA BO3PacTalio
BHU3 110 CKJIOHY: = 2,2 Ha xonMmax Wmanpe, ~ 4,3 B Oac-
ceitne OryH-OmyH. 9TO yKka3blBaeT Ha NpeolsajaHnue
Oosiee rpyOBIX MTOYB B 30HAaX C MMOBBIIICHHOH IIpenpacio-
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Fig. 6. Grouped Bar Chart showing RF Feature Importance across Study Areas
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Fig. 7. Grouped Bar Chart showing RF Model Performance per Study Area

JIO)KEHHOCTBIO K oBparoobpaszoBanuio. ConepxaHue 1mo-
YBEHHOT'0 opranmdeckoro yriepona (SOC) omimyaiock
HauOOJIbIIIEH OTHOCUTEIBHOW H3MEHYMBOCTBHIO (KO-
dunuent Bapuanuu > 20 %). ITO MOATBEPKAACT CyIIe-
CTBEHHYIO HEOJHOPOJHOCTH OPTaHUYECKOTO COCTOSIHUSI
TIOYB JIa’Ke IIPH B IIEJIOM OHOPOJTHOM PEKHUME OCaIKOB.

OueHka HeonpeaenéHHOCTH Ha ocHoBe Mozenu (Puc.
9) noka3zajia yMEpeHHYI0, HO IPOCTPAHCTBEHHO COTJIa-
COBaHHYIO IIPOTHOCTHYECKYIO criocobHocTh. Kitaccugu-
KaTOp «CJIy4aiHBIN JIEC» JOCTUT CIEIYIOIIMX CPEIHUX

3HaYCHUMW TOYHOCTH: MaTto AOymxka — 0,65 (£ 0,04),
xonmbl Umanpe — 0,75 (= 0,13), 6acceita OryH-OmryH —
0,70 ( 0,03). 3nauenus AUC (0,67—0,75) cBUACTEIBCTBY-
FOT 0 HaI&KHOU MU dhepeHITUPYIONICH ClIOCOOHOCTH MO-
JICNTH TIPH Pa3[eICHUH yYaCcTKOB, MOJABEPIKECHHBIX OBpa-
roo0Opa3oBaHUIO, U YCTOMYHMBBIX TeppuTopuii. [Ipu sTom
BapuabeIbHOCTh Pa3Mepa BEIOOPKH 110 y4acTKaM 4acThUY-
HO BJIMsLJIa HA YCTOWYHBOCTH OLICHOK. B 11eiom pe3syibra-
THI MMOKA3bIBAIOT, YTO MPOCTPAHCTBEHHAS HEOMPEICIIEH-
HOCTh IPEUMYIICCTBEHHO OOYCIIOBJICHA PA3THYHSIMH B
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T'PaHYJOMCTPHUYICCKOM COCTABC U CTPYKTYPC IOYB, 4 HC
CHCTEMATUYECKUMHU OIINOKaMU MOOCIIN. 2T0 JOIIOJTHH-
TCJIBHO NOATBCPIKAACT JOMHUHHUPYOLIYIO POJIb IOYBECHHO-
T'o COCTaBa B pa3BUTHUH OBparoB Mnpu OAHOPOJAHBIX KJIHU-
MATHUYCCKUX YCIIOBUAX.

34. Spatial Variability and Uncertainty
Analysis
The spatial variability of soil properties across the three
study sites (Fig.8) highlights clear edaphic contrasts that
underpin observed gully dynamics. Bulk density was
highest in the Ogun-Oshun Basin (143.52 + 2.50 g cm ™),
moderate in Idanre Hills (130.20 = 2.67 g cm ), and lowest
in the Abuja Plateau (125.31 + 3.63 g cm™3), suggesting
a gradient of compaction that may restrict infiltration in
the lowland basin. Cation exchange capacity (CEC) varied
from 65.16 = 5.76 cmol kg™ in Idanre Hills to 99.28 +
12.69 cmol kg in Ogun-Oshun, reflecting differences in
mineralogical composition and organic matter content.
Clay content was notably higher in the upland sites
(262.07 £ 22.05 g kg™' in Idanre Hills) than in the basin
(162.91 £+ 19.79 g kg™"), while sand showed the opposite
pattern (689.50 + 32.17 g kg™' in the basin). The sand/clay
ratio increased downslope, from = approximately 2.2 in
the Idanre Hills to =~ approximately 4.3 in the Ogun-Oshun
Basin, implying that coarser soils predominate where gully
susceptibility is most significant. SOC exhibited the most
considerable relative variation (coefficient of variation

> 20%), confirming the substantial heterogeneity in soil
organic status even under a broadly uniform rainfall regime.
Model-based uncertainty assessment (Fig.9) revealed
moderate but spatially consistent predictive performance.
The Random Forest classifier achieved mean accuracies
of 0.65 (£ 0.04) for Abuja Plateau, 0.75 (£ 0.13) for Idanre
Hills, and 0.70 ( 0.03) for the Ogun-Oshun Basin. The
AUC values (0.67—0.75) indicate reliable discrimination
between gully-prone and stable locations, though site-
specific variability in sample size partly influenced
stability of the estimates. Overall, the results suggest
that spatial uncertainty is primarily driven by differences
in soil texture and structure, rather than by model bias,
reinforcing the dominant influence of soil composition on
gully development under uniform climatic conditions.
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500
500
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. i ]
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3.5. IHTErpupOBAHHAA
VHTEPIIPETALINA IIOYBEHHO-
SPO3MOHHEBIX B3AMMOCBSI3EN

ComnocTaBiieHHE pe3yabTaToB paziesioB 3.1-3.4 BeIsBIIsI-
€T YCTOWYHBYIO U JIOTUUCCKHU COTIACOBAaHHYIO CBSI3b MCXK-
Iy COCTaBOM ITOYB, MOp(oIoTHeH pebeda U TUHAMUKOU
OBPa)KHOU SPO3HUH B YCIOBUSIX OTHOCUTEIIFHO OJTHOPOJ-
HOr'O KJIMMaTa. AHaJIu3 BPEMCHHBIX M3MCHCHUU (pas-
nen 3.1) mokasad, 94To 3a 25 JeT HHTCHCHBHOCTh OBParoo-
Opa3oBaHUs PE3KO BO3pOCIIa Ha BceX yyacTkax. Hanbomnee
BBIPaXKCHHBIC TPUPOCTHI YUCJIA U IUIOMAIA OBPAroB 3a-
(ukcuposansr: B 6acceitne Oryn-OuryH, u Ha miaTo AOy-

I Gaccend OryH-OwyH

‘ Ogun-Oshun Basin

Puc. 8. CrpynnmposaHHas cton64aTtas auarpamma, NoKA3bIBAKOLLAsS M3MEHYMBOCTb CBOMCTB NOYB PAMOHOB

UCCnenoBaHmu.

Fig. 8. Grouped Bar Chart showing Soil Property Variability across Study Sites
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Fig. 9. Grouped Bar Chart showing Random Forest Model Uncertainty across Study Sites

Joka. B ornnune ot HUX, Ha XoaMax M ianpe pacurmpenue
OBPa)KHOH CeTH OBLIO OTHOCHUTEIIBHO YMEPEHHBIM. DTO
OOBSCHSICTCS JIOKAJIBHOW YCTOMYHUBOCTHIO, 00YCIIOBIICH-
HOI1: crienn(UKO TOYBEHHBIX CBOMCTB, U ITOJIOKECHUEM B
penbede. [Ipu cormocraBiaeHUH reoMOP(OTOTHISCKUX U3-
MEHEHHH C JaHHBIMHU O (PU3UKO-XUMHYECKHX CBOWCTBAX
11ouB (pasznen 3.2) 3aKOHOMEPHOCTH IPEPacIOI0KEHHO-
CTH K 0BparooOpa3oBaHUIO CTAHOBSTCS oueBHaHee. bac-
ceiid OryH-OmyH IeMOHCTPUPYET ATAJIOH CTPYKTYPHO
HEYCTOHUYHMBOIO, OBICTPO dpoaupyromero janamadra.
Ero omnmmumnTenpHble YepThl: MAKCUMaJIbHAS TIIOTHOCTD
cnoxkenus (143,5 xr m~3), TpyOBIi TPaHyIOMETPUUYECKHI
cocraB (copepkaHue mecka =~ 690 r kr'), BBICOKOE CO-
OTHOIIICHUE necok/rnuHa (= 4,3). Xonmer Mnanpe, Ha-
MPOTHB, XapaKTEPHU3YIOTCsl, O0Jiee TOHKUM I'paHyJIOMe-
TPUYECKHUM COCTaBOM (CO/IEp)KAaHHE TIIMHBI ~ 262 T KT™')
HU3KHAM COOTHOIIICHHUEM TECOK/TIINHA (< 2,2), MOBBIIICH-
HBIM conepxanuem SOC (268,6 T kr'). DTu cBolicTBa
CITOCOOCTBYIOT: arperamuy 4acTill, HHQWIbTpAIuN Bia-
T, yCTOMYMBOCTH CKJIOHOB. ITimato AOy/ka 3aHHUMaeT
MIPOMEKYTOUYHOE IIOJIOKEHWE: yMEpEHHasi MJIOTHOCTH
CIIOKEHUSI U cOaJJaHCUPOBAHHBIN T'PaHYJIOMETPUYECKHI
cocTaB OOYCIIOBIMBAIOT YCTOMYUBBIN, HO MCHEEC MHTCH-
CHUBHBIA POCT OBparos.

Pe3ynpraThl KitaccuuKauu METOIOM «CIIy4alHOTO
necay (pasnelt 3.3) KOJIMYSCTBEHHO MOATBEPKIAIOT ITH
B3aMMOCBsI3U. Ha Bcex ydacTKax KIIFOYEBBIMH ITPEIHK-
TOpaM{ HAJIUYUS OBPAroB BBICTYIIHIIHM: COJEPIKAHUE TIe-
CKa, Co/iepKaHue TIMHBI, 1 COOTHOLICHUE MECOK/TJIMHA.
DTH MOKa3aTeIu HANIPSIMYIO CBSI3aHBI C 9POJIUPYEMOCTHIO
U CTPYKTYPHOH CBSI3HOCTBIO MOYB. Bhicokne 3HaueHUS
BaxxHocTH npusHakoB (0,15—0,27) nonrBepx1aroT, 4TO

TPaHyJIOMETPUYECKUN COCTAB UTPAET MEPBOCTEIICHHYIO
poiib B pOPMUPOBAHHH MPEPACIIOIIOKEHHOCTH K OBpa-
ram. SOC okazaJjicsi BA)KHbIM CTAOMIIM3UPYIOMIUM (PaKTo-
pom (BaxHOCTB ~ 0,17—0,20), oco6eHHO Ha murato AOymKa
u B Oacceitne OryH-OuryH. [ToBBIIIICHHOE CONEpKaHUE
OPraHMYEecKOro BEIIEeCTBA: yIyUIlaeT HH(WILTPAIHIO,
Y TIOBBIIIACT YCTOHYMBOCTH K 3apOXKJECHHIO TTPOMOMH.
[TnotHocTh cnoxkenust 1 CEC oka3bpiBaiu MeHee mpsMoe
BIIMSTHHE, HO PETYJIMPOBAIIN MEXaHU3MbI MHQHUIIBTpau
U yaepxaHus Biard. X posib yCHIIMBAaeTCs B YCIIOBHU-
SIX YIUIOTHEHHBIX WITH TJIOXO arperupOBaHHBIX MTOYB, T/IE
9pO3MOHHAsI aKTUBHOCTD BHIIIIE.

AHanmu3 TPOCTPAaHCTBEHHOW M3MEHYMBOCTH (pas-
Jien 3.4) MOTOTHUTENBHO TTOATBEPKIAET ATy HHTEpIpe-
tanuro. Ha yuactkax ¢ rpyObIM IpaHyJIOMETPUYECKUM
COCTaBOM 3a(hMKCHPOBaHBI O0Jiee BBICOKHE K0P PUIIHEH-
TBI BapUallUU: COAEpKaHUS necka, u cogepxkanust SOC.
DTO yKa3bIBaeT Ha HEOJHOPOAHOCTH ITPEPACIIONI0KEHHO-
CTH MaTepHaja, KoTopas coryiacyercs ¢ kaprorpadupo-
BaHHBIMU CKOIUJICHUSIMU OBparoB. [TokazaTenu kauecTBa
Mozenu (Tounocth = 0,65-0,78; AUC = 0,67-0,80) cBue-
TEJBCTBYIOT, YTO aJITOPUTM «CIIYy4aifHOTO Jiecay yCIIell-
HO BBISIBIII D1ahnueckue 3akonomepHocTr. Hanbombmras
IIPOrHOCTHYECKAsl YBEPEHHOCTh JOCTUTHYTa TaM, TIe
rpaHyJIOMeTpHYECKHE KOHTPACThl Hanbosee BhIPa’KEHbI
(6accetin Oryn-OmryH u miato AOymka). boiee Hu3kas
HaIEXHOCTh MOZEIU I XouMoB M nanpe oOycioie-
Ha MaJIbIM 00BEMOM BBIOOPKH, a HE KOHLENTYaJIbHBIMHU
PacXOXKACHUSIMH. DTO MOAYEPKUBAECT HEOOXOAUMOCTH
0oJiee TIJIOTHOTO TIOJIEBOIO ONPOOOBAHMSI HA yCTOMYH-
BBIX BO3BBIIICHHBIX TEPPUTOPHUIX. B COBOKYyIHOCTH I10-
JIy4YeHHBIC JJaHHbIC BHICTPAMBAIOTCS B YETKYIO MEXaHU-
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CTHYECKYIO0 KapTHHY: OBpa)KHasl OpO3Hs Ha IOT0-3amaje
¥ B IEHTPaJIbHON yacTu Hurepum — 1o cyTH, 1mo4BeH-
HO 0OYCIOBJICHHBIH Tporiecc. 30HBI, TA¢ MPEOOIagaroT:
rpyOble, yIuloTHEHHBIE, U HU3KoopraHudHsle (mo SOC)
TTOYBBI, — HM3HA4YaJIbHO OoJjiee ysI3BUMBI K BPE3Ke KOH-
[IEHTPUPOBAHHBIX TOTOKOB, OCOOEHHO IpH: COKpaIlle-
HHUH PaCTUTEIBHOTO IIOKPOBA; ¥ TPAHCHOPMAIINH 3€MEITb.
HamnpoTuB, MOYBBI C BEICOKMM COJIEp)KaHUEM TJINHBI 1 Op-
TaHWYECKOT'0 BEIIECTBA TPOTUBOCTOSIT PA3MBIBY 3a CUET:
TTOBBIIIIEHHON CTPYKTYPHOM YCTONYMBOCTH, U yJIyUIlICH-
HOW nHQMIBTpannu. B3anMoseiicTBre ’TUX CBOWCTB 00b-
SICHSIET KaK MacIITaObl, TaK U MPOCTPAHCTBEHHEIE 3aKO0-
HOMEPHOCTH Pa3BUTHSI OBPAroB, HAOJIO1aeMbIe B IEPHOJ
¢ 2000 mo 2025 r.

DTOT KOMIIEKCHBIA CHHTE3 CBSI3BIBACT SMITUPHUUCCKHE
JTAaHHBIE C TIOCIEY oMM 00cy sk eHueM. OH ITOKa3bIBaeT,
YTO pa3IMYMsl B aKTUBHOCTH OBPAroB Ha TPEX ydacTKax
HE CITy4alHbI: OHU OIIPEICIISIIOTCSI K3MEPUMBIMHU ITOYBECH-
HBIMH CBOMCTBAMH, KOTOPBIC PEr'yJIUPYIOT THAPOJIOrnye-
CKUH OTKJIMK M MEXaHUYECKYIO0 TPOYHOCTH MaTrepuaia. B
paszene 4 3TH pe3ysIbTaThl OyJIyT paCCMOTPEHBI B OoJiee
IIMPOKOM KOHTEKCTE TeOMOP(OIOrHIecKrX, KITMMaTH4e-
CKHUX U 3eMJICYCTPOUTEIBHBIX GaKkTOpoB. byeT onieHeHo,
KaK aHTPOIOTCHHBIE BO3/CHCTBHUS, TIOJIO)KEHUE B PEIIb-
ee 1 MEeTOIbI TOYBO3AINUTHI MOTYT: MOIXH(PHUIINPOBATH
Ha0II0aeMble TPAEKTOPUH SPO3HH, CITIOCOOCTBOBATH CO-
3JaHUI0 PETHMOHAJIBHBIX KapT MPEAPACHIOI0KEHHOCTH K
oBparam, U (JOPMHUPOBATH CTPATErUU KOHTPOJISI OBparo-
o0pa3oBaHHSI.

3.5. Integrated Interpretation of Soil-
Gully Relationships

Synthesising the findings across Sections 3.1-3.4 reveals
a strong, coherent linkage between soil composition,
landform setting, and gully erosion dynamics under a
broadly uniform climatic regime. The temporal analysis
(Section 3.1) established that gully formation has intensified
sharply over the 25 years across all study sites, with the
most pronounced increases in gully count and areal extent
occurring in the Ogun-Oshun Basin and Abuja Plateau.
In contrast, the Idanre Hills exhibited relatively subdued
gully expansion, reflecting site-specific resistance rooted
in its soil characteristics and landscape position. When
these geomorphic changes are evaluated alongside the soil
physicochemical summaries (Section 3.2), the patterns of
susceptibility become clearer. The Ogun—Oshun Basin,
characterised by the highest bulk density (143.5 kg m™),
coarse texture (sand =~ 690 g kg™'), and a large sand/clay
ratio (= 4.3), presents the archetype of a structurally
fragile, rapidly eroding landscape. In contrast, the Idanre
Hills possess finer-textured, more cohesive soils (clay
~ 262 g kg'; sand/clay = 2.2) with higher SOC levels
(268.6 g kg™), which collectively promote aggregation,
infiltration, and slope stability. The Abuja Plateau occupies
an intermediate condition, exhibiting both moderate

compaction and moderate textural balance, resulting in
steady but less extreme gully growth.

The Random Forest classification results (Section 3.3)
provide quantitative evidence in support of these
relationships. Across all sites, the dominant predictors
of gully occurrence were sand, clay, and the sand-to-
clay ratio variables, which are directly linked to soil
erodibility and structural cohesion. Their high feature
importance (0.15-0.27) confirms that texture exerts a first-
order control on susceptibility. SOC followed closely as
a stabilising factor, particularly in Abuja and the Ogun-
Oshun Basin (importance = 0.17-0.20), where increased
organic matter likely improves infiltration and resistance
to rill initiation. Conversely, bulk density and CEC
contributed less directly but modulate infiltration and soil-
water retention mechanisms that amplify erosivity where
soils are compacted or poorly aggregated.

Spatial variability analysis (Section 3.4) further supports
this interpretation. Sites with coarser soils displayed
higher coefficients of variation in both sand content and
SOC, indicating heterogeneous material susceptibility that
aligns with mapped gully clusters. Model performance
metrics (accuracy = 0.65-0.78; AUC = 0.67—0.80) show
that the Random Forest algorithm successfully captured
these edaphic patterns, with the most substantial
predictive confidence where textural contrasts were most
pronounced (Ogun-Oshun Basin and Abuja Plateau). The
lower reliability in Idanre stems from a smaller sample
size rather than conceptual deviation, highlighting the
need for denser ground sampling in stable upland terrains.
Taken together, the integrated evidence portrays a clear
mechanistic story: gully erosion in southwestern and
central Nigeria is fundamentally a soil-driven process.
Areas dominated by coarse, compacted, and low-surface-
organic-carbon (SOC) soils are inherently more vulnerable
to concentrated flow incision, notably when vegetation
cover is reduced or land is converted. Conversely, soils
rich in clay and organic matter buffer against detachment
through enhanced structural stability and infiltration. The
interplay of these attributes explains both the magnitude
and spatial pattern of gully evolution observed from 2000
to 2025.

This comprehensive synthesis bridges the empirical
findings and the forthcoming discussion. It establishes
that the differences in gully activity across the three
landscapes are not random but are governed by
quantifiable soil properties that determine hydrological
response and material strength. Section 4 will build on this
foundation by contextualising these results within broader
geomorphic, climatic, and land-management frameworks,
evaluating how anthropogenic disturbance, topographic
setting, and soil conservation practices can mediate the
observed erosion trajectories and inform regional-scale
gully susceptibility mapping and control strategies.
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4. O6¢cyxxkpeHMEe

[IpoBenénnoe uccienoBaHne MOKA3bIBACT, YTO (HU3H-
YeCKHe M XUMHYECKHE CBOMCTBA ITOYB UTPAIOT NIEPBOCTE-
TIEHHYIO0 POk B (DOPMHUPOBAHUH M IIPOCTPAHCTBEHHOM
pacrpeneieHu OBPa)KHOW SPO3MH NP OTHOCHUTEINb-
HO OJIHOPOJIHOM pekuMe ocankoB. Ha Tpéx mcciemye-
MBIX yYaCTKaX pacHIMpEeHHE OBPAXHOM CETH B MEPHUON
¢ 2000 mo 2025 r. HOCUJIO HE CIy4YalHbIN, a CUCTEMHBIN
XapakTep U 4€TKO COOTHOCHJIOCH C BapHaIUsIMU TpaHy-
JIOMETPHYECKOT'0 COCTaBa MOYB, UX MJIOTHOCTH CIIOKEHHUS
U coJiep)KaHUs OpraHMYecKoro BemecTBa. [loaydeHHbIe
JIaHHBIC TTOJITBEPKIAIOT TE3UC O TOM, UTO TIOMUMO OCaJI-
KOB M KDYTH3HBI CKJIOHOB UMEHHO BHY TPEHHEE CTPOCHHE
Y COCTaB ITOYBBI ONPEEIISIOT MACHIITA0bI M yCTOWYNBOCTD
MIPOIIECCOB OBPAarooOpa3oBaHMs.

3ameTHO Oo0Jiee MHTEHCHBHOE pPa3BUTHE OBPAroB B Oac-
ceiine OryH-OmyH 1 Ha mato AOymxa 0O0yCIIOBICHO
COYeTaHUEM psiJia TOYBEHHBIX XapaKTEPUCTUK: TpyOoro
IPaHyJIOMETPHYECKOTO COCTaBa, MOBBIIIEHHON MJIOTHO-
CTH CIIO’KEHUSI M CHUI)KEHHOT'O COJICP>KaHU S OpraHUYEeCKO-
ro yriepoaa. Takue cBOWCTBa OrpaHMYMBAIOT UH(DUIIb-
TPAaIMIo BJIarH, CHOCOOCTBYIOT TIOBEPXHOCTHOMY CTOKY
1 pOpMUPOBAHUIO KOHIIEHTPUPOBAHHBIX TOTOKOB, KOTO-
pbIe YCHJIMBAIOT OTPHIB YaCTHUIl TPYHTA U MPOABUIKCHUE
BEpPUIMH OBParoB. AHAJOTHYHBIC HAOJIIOCHUS OIHCAHBI
W JUIsl IpyTUX Tponudeckux Jyanamadros [34, 35]: nec-
YaHble, CTPYKTYPHO HEYCTOWYUBBIC IIOYBBI OCOOCHHO ITOI-
BEPIKEHBI DPO3UH BO BPEMsl JIMBHEH BBICOKOH MHTECHCHB-
HOCTH. B IpOTHBOIOIIOKHOCTB 3TOMY, Ha X0oaMax M nanpe
MIOYBHI ¢ 00JIee TOHKUM I'PAHYJIOMETPHUECKUM COCTABOM H
MTOBBIIICHHBIM COJIEPYKaHUEM OPTraHUKHU JEMOHCTPUPYIOT
MOBBIIIICHHYIO CTPYKTYPHYIO YCTOHYMBOCTh U MH(DHIIb-
TPalMOHHYIO CITIOCOOHOCTH. DTH CBOMCTBA B COBOKYITHO-
CTH CHHXKAIOT 3PO3UOHHYIO SHEPTUIO MTOTOKA U YMEHbIIa-
10T BEPOSITHOCTH 3apPOXKJICHUSI OBPAroB.

Pe3ynbTaThl MOIETMPOBAHHSI METOJIOM «CIIy4alHOTO
jleca» JaloT KOJIWYECTBEHHOE O0OOCHOBAHHE IOJIEBBIM
HaOmoaeHusIM. [lepemMeHHbIe, CBSI3aHHBIE C TPaHyJIOMe-
TPHUYECKUM COCTaBOM — B IIEPBYIO OYEpelb COJEpKa-
HHE IIeCKa, CO/Iep>)KaHue TJIMHBI U UX COOTHOIICHNE —
CTaOMIILHO 3aHUMAJIH BEPXHHE IMO3UIIUH 10 BaXXHOCTH
MIPU3HAKOB, IMOMUYEPKUBAsI NX KIIFOYEBYIO POJIb B KOHTP-
0JIe 3pOAUPYEMOCTH TouUB. Takasi 3aKOHOMEPHOCTH CO-
IJIacyeTcsl C KOHIENTyalbHOW MOJIEIBIO 3ap0XKACHUS OB-
paroB, IPEJIOKEHHON B paboTe [36], TlIe Topor BPE3KH
KOHIIEHTPUPOBAHHOTO MOTOKA OIpeeseTcs: 6aisaHcom
MEXy HHPUIBTPAIMOHHON CLIOCOOHOCTHIO TIOYBBI U CO-
MIPOTHUBIICHUEM OTpPBIBY uacTuil. CoaepKaHHue MOYBEH-
HOro opranudeckoro yriepona (SOC) mposiBUIIO ceOst
KaK 3HAUMMBbIH BTOPHYHBIN (aKkTOp, MOATBEPIKIasi cTa-
OMIIM3HpYIOIIee BIMSHIE OPraHUKU Ha CBSI3HOCTD ITOYBBI
U IpOYHOCTh arperatoB [37]. OgHako ero cMsryaromui
a(dexT okazascs MeHee BRIPaKEeH Ha YILIOTHEHHBIX HIIH
rpy0O3epHUCTHIX MMOYBaX, YTO YKa3bIBaeT Ha CIOCO0-
HOCTB TEKCTYPHO O0YCJIOBJIICHHBIX THIPOJIOTMYECKHUX OT -

paHWYCHHI HUBEIMPOBATh MPEUMYIIECTBA X UMHYECKOM
cTaOMIIn3anuH.

AHalu3 MPOCTPAHCTBEHHOW H3MEHYMBOCTH W HEO-
MPEACIEHHOCTH JIOTIOTHUTEIIBHO MOATBEPXKIaeT HaIEX-
HOCTb MOJYYCHHBIX BBIBOJOB. /[nana3oH 3HaYCHHl TOY-
Hoctu mojenu (0,65—0,78) u mromanu mox ROC-kpuBoif
(AUC = 0,67—0,80) cBHAETEIBCTBYET O YMEPEHHOI 1 BBI-
COKOM IPOTHOCTHYECKOI CIIOCOOHOCTH, HECMOTPS Ha pas-
nrausi B 00b€Me BBIOOpOK. CTabMIIBHOCTH paHKUPOBa-
HUsI BA)KHOCTH MPU3HAKOB HA BCEX y4YacTKaX yKa3bIBaeT
HA YCTOHYMBOCTH U IEPEHOCUMOCTH BBISIBICHHBIX CBS3CH
«rmouBa — oBpar». Heckonbpko OoJiee BBICOKasi Heompe-
JIeIEHHOCTH MOJIETIN 151 XoIMoB Maanpe oOycioBieHa
TJIaBHBIM 00pa3oM MaJibiIM 00bEMOM BBIOOPKH U OTHOCH-
TEJIBHON OJTHOPOJTHOCTHIO IOYBEHHBIX XapaKTEPUCTHK, a
HE HEJI0OCTAaTKaMHU CaMOW MPOTHOCTHYECKON CXeMBI. DTO
MOMYEPKUBACT BaXKHBIH METOMOJOTHYCCKHIl BBIBOI: B
CIIOKHBIX TPONMUUYECKHUX JIaHAMAa(TaX TOYHOCTh MOJE-
JIV TIOBBIIIIAETCS IIPH POCTE BapraOeIbHOCTH ITOYBEHHBIX
CBOICTB 1 INIOTHOCTH PETIPE3CHTATUBHOIO OIPOOOBAHMSI.

[MoMHMO MEXaHH3MOB, CHICIIUPUIHBIX ISl OTJCIBHBIX
YUYacTKOB, MOJyUYCHHBIC PE3yJIbTaThl UMEIOT 0oJiee MIn-
pOKHE TOCIEACTBHS JUISL yIpaBiCHUS JaHAImadTamu.
JlomMuHUpyIomas poibk rpaHyJIOMETPUYECKOr0 COCTaBa U
SOC B 00BbsiCHEHHH HAJINYHS OBPAroB NOJYEPKUBACT HE-
00XO0JMMOCTB CTaBUTh BO IJIaBY yIJIa YIIpaBJICHUE CTPYK-
TYPHBIMH CBOMCTBaMH IOYB IIPH pa3paboTke Mep OOpb-
ObI ¢ apo3ueii. Takre MEpOIIPUSITUS, KaK MYJIbYHPOBAHUE
pPaCTUTEIBHBIMU OCTAaTKaMH, CHUYKEHUE HHTCHCUBHOCTH
00pabOTKM MOYBKI U 3aKpEIlJICHHE TOBEPXHOCTH PacTH-
TEJIILHOCTBIO, CIOCOOHBI CYIIECTBEHHO CHU3HUTH PHCK
3apO’K/ICHUS OBPAaroB JIa)K€ NP HEM3MEHHOM PEXHUME
0CaJKOB. BBISIBIICHHBIE yCTOWUHMBBIE B3aUMOCBSI3H TAKKE
CO3/IaI0T OCHOBY JUJIsSI MacIITaOMpPOBaHMs KapT Mpeapa-
CITOJIO)KEHHOCTH K OBparaM C HCIIOJIb30BaHUEM JTUCTaH-
LIMOHHOT0 30HAMPOBAHUS U IOYBEHHBIX 023 TaHHBIX. DTO
TIO3BOJIUT BHEAPSITH CUCTEMBI PAHHETO OITOBEIICHUS U
MIPOCTPAHCTBEHHOT'O ITPHOPHUTEIUPOBAHMST MEPOTIPUSITUH.

KapTs! oBpa>kHOU ceTH, TOCTPOEHHBIE TS II1aTO AQY-
JoKa, xonMoB Mpanpe u 6acceiina Oryn — OcyH, ObLTH
BEepU(UIIMPOBAHBI Ty TEM TIIATEIBLHON BU3yaTbHOM Iepe-
KpECTHOM MPOBEPKH M HAJIOKECHUST HA CHUMKH BBICOKOTO
pa3pemenus uz Google Earth 3a cooTBeTCcTBYOIIHE TOIBI
(2000 m 2025). JenuMuTaius OBparoB BBHIMOJHSIACH
BPYYHYO 110 MHOTOBPEMEHHEIM CITy THUKOBBIM KOMITO3H-
tam (cauMku Landsat u Sentinel). 3To mo3Bosmio: obec-
MIEYUTH COINIACOBAHHOCTH MPOCTPAHCTBEHHBIX T'PAHUI] U
CBECTH K MUHUMYMY OIIMOOYHYIO KJaCCHU(UKAIHIO JIN-
HEWHBIX APO3MOHHBIX (popM. C yuérom manamadTHOM
CJIOKHOCTH TeppuTOpuH Hurepuu u JIOKaJIbHOTO Xapak-
Tepa pa3BUTHsI OBPAroB TAKOH MOJX0/ 00ECIEUHIT BBICO-
KYy10 HHTEPIPETALHOHHYIO TOUHOCTb. XOTsI popMasibHas
OIICHKa TOYHOCTHU Ha YPOBHE NHUKCEJIEH HE IIPOBOAMIACH
(ITOCKOJIBKY OBparv onu(poBHIBAJINCH B BUJIE BEKTOP-
HBIX IOJIMTOHOB, & HE KJIacCU(PUIHUPOBAHHBIX PacTpO-
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BBIX CJIOEB), 00IIasi MPOCTPAHCTBEHHAs JIOCTOBEPHOCTD
WHBEHTAPU3AIIMOHHBIX TAHHBIX TI0 OBparaM OlleHEeHa KaK
npesblmaromas 85 %. OToT nokazaTenb coriacyercs ¢
pe3yabTaTaMu MPEIIeCTBY IOIUX TeOMOPPOIOTHUECKUX
KapTorpadupoBaHUN B aHAJIOTHYHBIX ycioBHsix Hure-
pun. Takum oOpa3oM, 3apMKCHPOBAHHBIE BPEMEHHBIE H3-
MEHEHHUS U 3aKOHOMEPHOCTH IIOLIAHOIO0 pacopocTpa-
HEHHS OBPAroB Ha TPEX KIIFOUEBBIX yUYACTKAX OTPAXKAIOT
JIOCTOBEPHBIE U Ir'eorpauuecK coriacoBaHHbIe TPEH b
Pa3BUTHS OBPAYKHOM CETH B IIpe/Iesiax BIAKHO-TpONnYe-
CKOMW 30HBI CTPaHBI.

Haxonen, nanHbIe O CTPEMHUTEIHLHOM PaclIMPEeHUHN OB-
paxHoii cetu 3a nepuop ¢ 2000 o 2025 . yka3bIBaOT Ha
TPEBOXKHYIO TMHAMHUKY JACTPaNalliy 3eMeslb, 0COOCHHO
B HU3MEHHBIX OacceifHax, IJie coueTarTcs aHTPOIOreH-
Hasl Harpys3Ka 1 HeyJJOBJI€TBOPUTEIbHBIN ApeHax. bes ne-
JICHATIPABJICHHOT'O YIIPABJICHUS CTPYKTYPOU MOYBHI U €&
THJIPOJIOTHYECKUM PEKHUMOM PAa3BUTHE OBPAaYKHBIX CHC-
TEM MOXKET IPOJOJIKATHCSI HEIMHEWHO, CO3/1aBas yrpo3y
MaxXOTHBIM YTOJbsIM, HHPPACTPYKTYypE U YCTOHYNBOCTH
skocucTeM. Cle10BaTeNbHO, BKJIIIOYEHHE IOYBEHHO OpHU-
SHTHUPOBAHHBIX MHIWKATOPOB B IJIAHHUPOBAHHE 3EMJIC-
MOJIb30BAHUS U IPOrPaMMBbl BOCCTAaHOBJIEHHSI BOIOCOO-
POB SIBJISIETCS] HEOOXOAMMBIM YCIIOBHEM JUISL YCTOHYHBOTO
CHMIKEHHMS DPO3HOHHBIX ITOTEPb.

4. Discussion

This study demonstrates that soil physical and chemical
attributes exert a primary influence on the development
and spatial distribution of gully erosion under a uniform
rainfall regime. Across the three study areas, gully
expansion between 2000 and 2025 was not random but
systematically aligned with variations in soil texture,
bulk density, and organic matter content. The findings
thus reinforce the premise that, beyond rainfall and slope,
the intrinsic soil composition and structure determine the
magnitude and persistence of gully processes.

The markedly higher gully expansion observed in the
Ogun-Oshun Basin and Abuja Plateau reflects the interplay
between coarse-textured soils, higher compaction, and
lower organic carbon. These soil characteristics limit
infiltration and promote surface runoff, generating
concentrated flow that enhances detachment and headcut
advancement. Similar observations have been reported
in other tropical landscapes [34, 35], where sandy,
structurally weak soils are particularly susceptible to
erosion during high-intensity storms. In contrast, the
finer-textured and organic-rich soils of the Idanre Hills
exhibited greater structural integrity and infiltration
capacity, which together mitigate erosive energy and
reduce the likelihood of gully initiation.

The Random Forest results provide a quantitative
underpinning for these field-based interpretations.
Texture-related variables, particularly sand, clay, and
their ratio, consistently dominated the feature importance

rankings, emphasising their central role in controlling soil
erodibility. This dominance aligns with the conceptual
model of gully initiation proposed by [36], in which the
balance between infiltration capacity and detachment
resistance dictates the threshold for concentrated flow
incision. SOC emerged as a significant secondary factor,
highlighting the stabilising influence of organic matter on
soil cohesion and aggregate strength [37]. Its moderating
role, however, was less pronounced in highly compacted
or coarse-textured settings, suggesting that texture-
driven hydrological limitations can override the benefits
of chemical stabilisation.

Spatial variability and uncertainty analysis further
clarify the reliability of these findings. The observed
range of model accuracies (0.65—0.78) and AUC values
(0.67-0.80) indicates moderate-to-strong predictive
capability despite differing sample sizes. The stability
of feature importance rankings across sites suggests
that the underlying soil-gully relationship is robust and
transferable. The slightly higher uncertainty in the Idanre
Hills model stems largely from sample scarcity and the
relative uniformity of soil characteristics, rather than
from inconsistencies in the predictive framework. This
highlights an essential methodological insight: in complex
tropical terrains, model precision improves with higher
soil variability and representative sampling density.

Beyond site-specific mechanisms, these results carry
broader implications for landscape management. The
dominance of textural and SOC variables in explaining
gully presence underscores the need to prioritise soil
structural management in erosion control strategies.
Measures that enhance organic matter retention, promote
aggregation, and improve infiltration, such as residue
mulching, reduced tillage, and vegetative stabilisation,
could significantly reduce the risk of gully initiation
even under unchanged rainfall regimes. The consistent
relationships identified in this study also provide a
foundation for scaling up gully susceptibility mapping
using remote sensing and soil databases, enabling early
warning and spatial prioritisation of interventions.

The gully maps produced for the Abuja Plateau, Idanre
Hills, and Ogun—Osun Basin were validated through careful
visual cross-checking and overlay comparison with high-
resolution Google Earth imagery for the corresponding
years (2000 and 2025). The delineations were performed
manually from multi-temporal satellite composites
(Landsat and Sentinel imagery) to ensure consistency in
spatial boundaries and to minimize misclassification of
linear erosional features. Given the contextual complexity
of Nigeria’s terrain and the localized nature of gullies, this
approach provided high interpretive accuracy. Although a
formal pixel-based accuracy assessment was not performed
(as gullies were digitized as vector polygons rather than
classified raster layers), the overall spatial reliability of the
gully inventories was estimated to exceed 85%, consistent
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with previous geomorphological mapping efforts in similar
Nigerian environments. The observed temporal changes
and areal expansion patterns across the three sites therefore
reflect robust and geographically consistent gully evolution
trends within the country’s humid tropical zone.

Finally, the temporal evidence of rapid gully expansion
between 2000 and 2025 reflects a concerning trajectory
of land degradation, particularly in lowland basins where
human pressure and poor drainage converge. Without
targeted management of soil structure and hydrology,
gully systems may continue to expand nonlinearly, posing
a threat to arable land, infrastructure, and ecosystem
stability. Therefore, integrating soil-focused indicators into
land-use planning and catchment rehabilitation programs
is essential for achieving sustainable erosion mitigation.

5. 3akAlOUeHMue

B nacrosmiem ucciieJoBaHNY MpeAcTaBIeHa KOMIIICKC-
Hasl OIICHKA BIIMSTHUS CBOMCTB ITOYB Ha ITPEPacIoIOKeH-
HOCTB K OBPa)KHOM 3p03UH Ha TPEX T€OMOP(OIOTHIECKUX
yuactkax B Hurepumn: iaro AGymxka, xonmax Mnanpe u
Oacceiine OryH-OcyH. Bce yyacTkn XxapakTepHU3yrOTCs
€MHBIM PEKUMOM 0CcaaKoB. C HCIIOIb30BAHMEM MOJICIIH
«cnyuaiinoro yieca» (Random Forest, RF) u mouBenHbIix
IIEPEMEHHBIX, U3BJICYEHHBIX MCKIJIIOYUTEIBHO U3 0a3bl
manabeix SoilGrids, aHanu3 mokasa: CBOMCTBA IIOYB MI-
paroT CyHIECTBEHHYIO POJIb B MHUIIUMPOBAHUHU U pa3BU-
THU OBPAroB Ha TEPPUTOPHUSIX C PA3IMIHBIMU JINTOJIOTH-
YECKUMU U TONIOTPAPUIECKUMU YCIOBHSIMH.

Cpenu ucciae0oBaHHBIX IIEPEMEHHBIX HauboJiee 3Ha-
YUMBIMU TIPEAUKTOPAMU HAJIIMYHUSI OBPArOB OKa3aJINCh:
cozepKaHue MecKa, COolep)KaHue TIIUHBI U COOTHOIIIE-
HHE TIECOK/TJIMHA. 32 HUMU CJIeAYIOT: TIOYBEHHBIH opra-
Huaeckuii yriepon (SOC), MIOTHOCTH CIOXKEHUS TTOYBbI
u katnoHooOMeHHast criocooHocTh (CEC). OTHOCHTEB-
HO BBICOKasl BAYXHOCTh TEKCTYPHBIX IOKa3aTejiel CBH-
JIETEIIbCTBYET O TOM, UTO T'PAHYJIOMETPHUUYECKUH COCTaB
OCTaéTCsl KIIOUYEBBIM (PAKTOPOM, PEryIUPYIOIIUM HH-
(bUIBTPAIMIO M CONPOTHUBJICHUE CABUTY. DTH CBOMCTBA
HampsIMyIO BIUSIOT HA (OPMUPOBAHUE U PACIIUpPEHHE
oBparoB. Beicokasi pe3yIbTaTUBHOCTD KiacCUu(PpUKauu
(o6murast rounocts — 0,88, Fi-mepa — 0,88) monrBepxa-
eT Haa&KHOCTh Mojienu RF B oTpakeHUU CIIOKHBIX B3a-
HMMOCBSI3el MEX/1y CBOMICTBAMHU ITOYB U 3pO3Ueh. AHAIN3
MIPOCTPAHCTBEHHOW M3MEHYMBOCTH JOIOJHUTEIBHO TO-
Ka3all: CTENIeHb BapruaOebHOCTH MOYBEHHBIX XapaKTe-
PUCTHK COOTBETCTBYET Pa3jNUUsIM B IIPEIPACIIOIOKEH-
HOCTH K OBparooOpasoBanwuio. Tak, Ha miaTo AOyKa
oTMeueHa 0oJiee BBICOKAsi HEONPEAEIIEHHOCTD, 00YyCIIOB-
JICHHAs yMEPEHHBIM pa3HOOOpa3ueM rpaHyJioMeTpuye-
cKoro cocrasa. B To ke Bpems Ha xonmax Wpanpe 3a-
(bMKCMpPOBaHBI OTHOCUTEINIBHO OJIHOPOJIHBIC ITOUYBEHHbBIC
YCIIOBUSI U MEHBIIIAsi HEONPEIEIEHHOCTb.

[onmy4enHbIe pe3ysbTaThl MOMYEPKUBAIOT: JaXKe IIPHU CO-
MMOCTAaBUMBIX PEKHMMaX OCAJKOB JIOKAJIbHAS HEOAHOPO/I-

HOCTB TI0YB CIIOCOOHA CYIIECTBEHHO U3MEHSTh PEaKIIUIO
naamadTa Ha 3pO3UI0. DTO MOATBEPKAAET HEOOXOIH-
MOCTh y4ETa TUHAMHKH OYBEHHBIX CBOWCTB — B MIEPBYIO
o4epe/ib FPaHyIOMETPHUSCKOTO COCTaBa U COICPIKAHUS Op-
FaHMYECKOTO BEUIECTBAa — MPH MOACTHUPOBAHUHU 3PO3UOH-
HBIX PUCKOB M TUTAHUPOBAHUH 3eMJICTIONb30BaHus. C TOUKH
3peHHUS yIPaBJICHUs1, MEPbI, HAIIPABJICHHBIC HA TOBBILICHUE
CTPYKTYPHOU yCTOWYMBOCTH MIOYB M OOOTaIlIEHUE UX Opra-
HUYECKHM BEIIECTBOM, MOT'Y T 3HAUUTEIILHO CHU3UTh HHTCH-
CHBHOCTB 0Bparoo0paszoBanusi. K Takum Mmepam OTHOCSTCSL:
BHEJIPCHHE MMOYBO3ALIMTHOW 00pabOTKI;BOCCTAHOBICHUE
PaCTHUTENBHOTO IOKPOBA, M LIEJICBOE JIECOBOCCTAHOBJICHHUE
Ha CKJIOHAX, MOJABEPIKCHHBIX DPO3HH.

XoTsl HccIIeJ0BaHUE IGMOHCTPHUPYET BEICOKYO TPOTHO-
CTHYECKYIO CIIOCOOHOCTH MOJIEIN, COXPAHSIIOTCS OIpe-
JIeNIEHHbIC HeOoNpeneaEHHOCTH. B nepByro ouepenb OHH
CBSI3aHBI C MPOCTPAHCTBEHHBIM pa3peIICHHEM MTOYBCH-
HBIX Ha0OpPOB JaHHBIX U OTPAHUYCHHBIM KOJIHYECTBOM
BAJIMJIAIIMKM HA KOHKPETHBIX ydacTKax. B Oyaymmux uc-
CJICIOBaHMSIX 1IEJIeCO00pPa3HO UHTETPUPOBATH JaHHBIC
MMOYBEHHOT'O 30HMPOBaHMSI BBICOKOTO Pa3pelIeHuUsl C FU-
JIPOJIOTHYECKUMH U FeoMOP(HOIIOrHYeCKUMH MTePEMEH-
HBIMH. DTO IMO3BOJUT MOBBICUTh TOYHOCTH MPOTHO30B
U pacIIMPUTh BO3MOKHOCTH MX MEPEHOCA HA aHAJIOTHY-
Hble JagamadTel. B nemom npoBenénnas padbora moka-
3bIBaeT: IOHUMAaHHE MPOCTPAHCTBEHHONW U3MEHYHBOCTH
CBOKMCTB ITOYB CO3/1a€T BaXHEHIIYIO OCHOBY JUISl pa3pa-
0OTKM YCTOHYHMBBIX, aJallTUPOBAHHBIX K KOHKPETHBIM
YCJIOBUSIM Mep OOpBOBI ¢ ApO3UCH B IMOTYBIIAXKHBIX JIaH-
nmadrax Hurepun.

5. Conclusion

This study presents an integrated assessment of the
influence of soil properties on gully erosion susceptibility
across three geomorphic settings in Nigeria: the Abuja
Plateau, the Idanre Hills, and the Ogun-Osun Basin, all of
which are located under a uniform rainfall regime. Using a
Random Forest (RF) framework and soil variables derived
exclusively from the SoilGrids database, the analysis
demonstrated that soil attributes play a significant role
in determining gully initiation and development across
landscapes of varying lithological and topographic
conditions.

Among the examined variables, sand content, clay
content, and the sand-clay ratio emerged as the most
influential predictors of gully occurrence, followed by soil
organic carbon (SOC), bulk density, and cation exchange
capacity (CEC). The relatively higher feature importance
of textural indices suggests that soil texture remains
a dominant control on infiltration and shear resistance,
which directly affects the formation and expansion of
gullies. The high classification performance (overall
accuracy of 0.88 and Fl-score of 0.88) underscores the
reliability of the RF model in capturing these complex soil-
erosion relationships. Spatial variability analysis further
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revealed that the degree of variability in soil properties
corresponds with differences in gully susceptibility,
with the Abuja Plateau showing higher uncertainty due
to moderate textural diversity, while the Idanre Hills
exhibited relatively uniform soil conditions and lower
uncertainty.

The findings highlight that even under comparable rainfall
regimes, local-scale soil heterogeneity can significantly
modulate erosion response. This reinforces the importance
of considering soil property dynamics, particularly texture
and organic matter content, in erosion risk modelling and
land-use management. From a management perspective,
interventions that promote soil structural stability and
organic matter enrichment could substantially mitigate

gully development. This includes the adoption of
conservation tillage, vegetative-cover restoration, and
targeted reforestation on erosion-prone slopes.

While the study demonstrates strong predictive capacity,
some uncertainties remain, particularly regarding the
spatial resolution of soil datasets and limited site-specific
validation. Future research should integrate high-
resolution soil sensing, coupled with hydrological and
geomorphological variables, to refine predictive accuracy
and enhance transferability across similar landscapes.
Overall, this study underscores that understanding the
spatial variability of soil properties provides a critical
foundation for designing sustainable, site-specific erosion
control measures across Nigeria’s semi-humid landscapes.
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